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Abstract

The presence of gap junction intercellular communication structures in bone cells has been known since the
early 1970s, further confirmed by Doty and Marotti at the structural level in the 1980-1990s. Work by Civitelli,
Donahue, and others showed the expression of Cx43 at the mRNA and protein levels in all bone cell types:
osteoclasts (bone resorbing cells), osteoblasts (bone forming cells), and osteocytes (mature osteoblasts em-
bedded in the bone matrix that regulate the function of both osteoclasts and osteoblasts). While Cx45, Cx46,
and Cx37 were also shown to be expressed in bone cells, most studies have focused on Cx43, the most abundant
member of the connexin (Cx) family of proteins expressed in bone. The role of Cx43 has been shown to be
related to the formation of gap junction intercellular channels, to unopposed hemichannels, and to channel
independent functions of the molecule. Cx43 participates in the response of bone cells to pharmacological,
hormonal, and mechanical stimuli, and it is involved in the skeletal phenotype with old age. Human and murine
studies have shown that mutations of Cx43 lead to oculodentodigital dysplasia and craniometaphyseal dys-
plasia, both conditions associated with abnormalities in the skeleton. However, whereas substantial advances
have been made on the skeletal role of Cx43, further research is needed to understand the basis for the effects of
mutated Cx43 and potential ways to prevent the effects of these mutations on bone.

Keywords: Cx43, osteoblast, osteocyte, osteoclast, bone

7-10

Introduction the differentiation and activity of the other bone cells).

However, even though Cx43 expression in osteoclasts has been
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INTERCELLULAR COMMUNICATION IS required to coordinate
the actions of cells within tissues and can be achieved through
gap junction channels and hemichannels.'* These channels and
hemichannels are formed by hexamers that are members of a
family of membrane integral proteins named connexins (Cxs).
Twenty-one members of the family of Cxs have been identified
in humans, differing on sequence, molecular size (which gives
rise to the name of the particular Cx), channel permeability, and
cellular/tissue and subcellular localization.*>

Cx43 is the most widespread, most abundant, and most
studied member of the gap junction family of proteins.® In bone,
Cx43 is expressed in all cell types: osteoclasts (bone resorbing
cells), osteoblasts (bone forming cells), and osteocytes (cells
responsible for mechanical sensation and for the regulation of

demonstrated and appears to regulate cell differentiation,
most studies have focused on the role of the Cx in osteoblast and
osteocyte differentiation, viability, and function (review in
Refs.'*!7). Further, Cx43 function in bone cells is not limited to
intercellular communication.'* Thus, evidence shows that
Cx43 hemichannels mediate the actions of hormonal, phar-
macotherapeutic, and mechanical forces on osteoblasts and
osteocytes. In this review, we describe the current knowledge
on the actions of Cx43 and its role on bone cells.

In Vitro/Ex Vivo Studies

Studies of the past 20+ years have demonstrated a funda-
mental role of Cx43 in bone cell differentiation and function.
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Although global Cx43 deficiency in mice results in perinatal
lethality due to cardiac malfunction,18 studies were possible
using osteoblasts isolated from newborn Cx43™" mice.'’
These Cx43-deficient osteoblasts exhibit characteristics of
dysfunctional cells, with lower type I collagen (COL1A1),
alkaline phosphatase (ALP), and osteocalcin mRNA levels
but similar proliferation rate when compared to wild-type
osteoblastic cells.

Similar changes in osteoblast-specific genes were found in
rat osteosarcoma ROS17/2.8 cells (with high Cx43 expression)
overexpressing Cx45, which functions as a dominant negative
for Cx43 actions.?>? On the other hand, overexpression of
Cx43 in the rat osteosarcoma cell line UMR106-1, which ex-
presses Cx45 and very low levels of Cx43, results in increased
expression of osteoblastic genes. Another study showed that
transfection of Cx43 into UMR106-1 cells leads to an increase
in growth rate and results in higher cell adhesion to tissue
culture plates, with ALP expression and mineralization levels,
both increased, suggesting that Cx43 promotes bone cell
proliferation and differentiation.*?

More recently, studies were carried out using the osteo-
cytic IDG-SW3 and OCY454 cell lines. Cx43 was knocked
down in these cells using the lentiviral CRISPR/Cas9 ap-
proach, to evaluate osteoblast and osteocyte gene expression
and mineralization potential throughout the cellular differ-
entiation process.>* These studies reported an increase in
Cx43 levels as the differentiation took place. Further, when
Cx43 was deleted, lower levels of expression of the osteo-
blast markers ALP and COL1A1 were detected at the osteoid-
osteocyte stage when compared to control cells.

Other studies showed that Cx43-silenced osteocyte-like
MLO-Y4 cells undergo spontaneous cell death in culture, as
determined by increased caspase-3 activity and higher levels of
apoptosis-related genes compared to scramble-silenced control
cells.”® These Cx43-deficient cells also exhibit increased levels
of the pro-osteoclastogenic cytokine receptor activator of NFkB
signaling ligand and lower levels of the anti-osteoclastogenic
cytokine osteoprotegerin compared to scramble-silenced con-
trol cells, resulting in an overall pro-osteoclastogenic state as-
sociated with increased osteoclast differentiation. In addition,
Cx43 suppression in osteoblastic cell leads to increased cyclic
adenosine monophosphate (cCAMP) levels, promoting osteo-
clastogenesis in a coculture system.*

In another study, primary osteocytes isolated from 18-
month-old mice with reduced Cx43 levels released less
prostaglandin E, (PGE,) to the extracellular media compared
to cells obtained from 10-month-old mice.?’ The decreased in
PGE;, release is associated with increased muscle collagen
synthesis and reduced muscle force in aged mice compared to
younger mice. Overall, these studies support the conclusion
that Cx43 impairment in bone cells not only affects bone but
also other organs.

Exogenous Stimuli and Cx43-Mediated Cell Survival

The differentiation, activity, and survival of osteoblasts
and osteocytes are regulated by numerous stimuli, including
pharmacologic agents, hormones, and mechanical for-
ces.”®2% Cx43 has been shown to have a role on the response
of the cells to all of these stimuli.*® In this review, we will
focus on survival signals that involve pathways including
Cx43 (Fig. 1).
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Hormonal stimulation

Decreased estrogen levels with postmenopause is known to
cause osteopenia, osteoporosis, and high risk for bone frac-
tures.>' It has been shown that low estrogen levels affect Cx43
expression and hemichannel function.*” Indeed, addition of
17-estradiol to MLO-Y4 cell cultures results in increased
Cx43 expression when compared to a nonsupplemented
group. Further, estrogen withdrawal reduces the opening of
hemichannels as shown by ethidium bromide dye uptake in
MLO-Y4 osteocytic cells. Yet, this effect could be due to
lower number of hemichannels with similar activity, or sim-
ilar number of hemichannels with less activity. On the other
hand, the prosurvival effect of 17f-estradiol, which does not
depend on estrogen response element (ERE) transcriptional
activation, does not require Cx43 expression or its function in
hemichannels.>? Nevertheless, it is possible that the so-called
“genotropic (ERE-mediated) effects” of estrogens require
Cx43 expression and/or channel activation.

Intermittent administration of parathyroid hormone (PTH)
results in decreased osteoblast and osteocyte apoptosis in vivo
and in vitro (Fig. 1A).>** PTH, by interacting with the PTH
receptor PTHIR, activates a cAMP-dependent signaling
pathway, leading to phosphorylation and inactivation of the
pro-apoptotic protein BCL2 associated agonist of cell death
(BAD). PTHIR activation also leads to cAMP response
element-binding protein (CREB)-mediated transcription of
Bcl2 (a survival gene) and Runx2.>* Further studies showed
that the survival effect of PTH is lost in Cx43-deficient OB-6
osteoblastic cells.”® Thus, PTH-induced cAMP signaling
pathway was interrupted in cells with Cx43 knock down, with
the consequent reduced expression of cAMP/CREB-target
genes. Upon PTH binding, PTHIR associates with farrestin,
leading to receptor internalization and disruption of the intra-
cellular signaling pathway triggered by the hormone. Me-
chanistic studies demonstrated that Cx43 (through its
phosphorylated Ser368 in the C-terminal domain) interacts
with farrestin, sequestering it from its binding to PTHIR,
allowing for proper downstream signal transduction. In the
absence of Cx43, PTH/PTHIR signaling is abrogated, sug-
gesting that Cx43 facilitates cAMP signaling by sequestering /3
arrestin, exerting a permissive role on the survival effect of
PTH on osteoblasts.

The survival effect of PTH depends on permeable gap
junction channels, but it is independent of hemichannel ac-
tivity. Consistent with a role of Cx43 on PTH effects, the
anabolic effect of intermittent PTH is attenuated in mice
lacking Cx43 in osteoblastic cells.”’ Similarly, lack of Cx43
in osteocytes (or absence of Cx43 C-terminus domain) leads
to a suboptimal response to intermittent PTH administration
in bone, with failure to increase endocortical bone formation
and mechanical strength, all higher in PTH-treated control
female mice.>® On the other hand, Cx43 is not required for the
anabolic effect of the hormone in male mice.>

Bisphosphonates

Bisphosphonates are drugs widely used since 1970s to treat
bone loss in conditions associated with low bone mass.***!
The main action of these pharmacologic agents is the inhi-
bition of bone resorption.4 We have shown that, in addition,
bisphosphonates prevent osteoblast and osteocyte apoptosis
in vitro and in vivo.*> Cx43 is an essential mediator of
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FIG. 1. Survival mechanisms mediated by Cx43 in response to exogenous stimuli. (A) Hormonal stimulation. PTH interacts
with his membrane receptor PTHRI activating a cAMP-dependent signaling pathway, promoting osteoblast survival.
(B) Bisphosphonates bind to phosphatases on the cell membrane, stimulate Cx43 hemichannels opening followed by Cx43
interaction with Src tyrosine kinase, activated Src phosphorylates and the kinase MEK. MEK, in turn, interacts with pOORSK
kinase, which targets two different proteins, the pro-apoptotic protein BAD, which becomes inactive, and C/EBPf3, which binds to
and blocks pro-caspase activity. All this resulting in osteoblasts and osteocytes survival. (C) Mechanical stimulation. Integrins
o5f1 on the osteocyte membrane become coupled by a mechanism involving 14-3-36 protein, leading to Cx43 hemichannel
opening and activating two downstream pathways. One pathway results in FAK/Src/ERK activation, and the second involves
PGE, release to extracellular space which acts in paracrine manner, activating membrane receptors EP2/4 and triggering the
cAMP/PI3k signaling pathway resulting in the accumulatlon of f-catenin and Wnt pathway activation. Together, these signaling
pathways prevent osteocyte apoptosis. Adapted from Refs.'*’® BAD, BCL2 associated agonist of cell death; C/EBPS, CCAAT-
enhancer-binding protein f3; PGE,, prostaglandin E,; PTH, parathyr01d hormone. Image made using Biorender.com

bisphosphonate-induced intracellular signaling through the
Src/MEK/ERK pathway (Fig. 1B).*?

This role of Cx43 is independent of intercellular commu-
nication but requires the opening of Cx43 hemichannels. It
has been proposed that the effects of bisphosphonates on
osteoblastic cells are triggered by their binding to phospha-
tases on the cell membrane,44 which in turn stimulates the
opening of Cx43 hemichannels and their interaction with Src,

a tyrosine kinase that plays a crucial role in intracellular
signaling.®® Src activates the MEK/ERK 1/2 pathway, which,
in turn, targets the cytoplasmatic kinase p90RS¥. p9oRsK
phosphorylates two different proteins, the pro-apoptotic
protein BAD, which becomes inactive, and CCAAT-
enhancer-binding protein § (C/EBPf), which binds to and
blocks pro-caspases, thus resulting in osteoblast and oste-
ocytes survival.*>
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Mechanical stimulation

Mechanical loading is essential to acquire and maintain an
optimal bone mass throughout life, and osteocytes are the
bone cells responsible for sensing these stimuli.***’ Cx43
hemichannels present in osteocytes act as signaling trans-
duction mediators, leading to PGE, release (Fig. 1C). Indeed,
a correlation has been shown between the magnitude of the
stimuli and hemichannel activity. Thus, when higher fluid
flow shear stress is applied, it results in higher Lucifer Yellow
dye uptake and increased release of PGE,.*® Once released
following mechanical stimulation, PGE, prevents the apo-
ptotic effect of dexamethasone in osteocyte-like MLO-Y4
cells.*

Further studies uncovered the signaling pathway involved
in the survival effect of mechanical stimulation in vitro. The
activation of intracellular signaling begins when integrins on
the osteocyte membrane become coupled as result of me-
chanical stimuli, leading to Cx43 hemichannel opening, and
PGE; release to the extracellular space.50 PGE,; next acts in a
paracrine manner, activating membrane receptors EP2/4
triggering the cAMP/PI3K signaling pathway, which results
in the accumulation of f-catenin and activation of the Wnt
signaling pathway, thus preventing osteocyte apoptosis.**"

Murine In Vivo Studies

Due to perinatal lethality, tissue-specific Cx43-deficient
mice were used to establish the role of the Cx on bone cell
viability in adult mice.>**® These studies used different
promoters aiming to target osteoblast precursors and their
progeny>* and mature osteoblasts and their progeny,””>® or
osteocytes (and some mature osteoblasts). 7 While some
differences were found in the phenotype of these mice de-
pending on the promoter used to target the expression of the
Cre recombinase, all models showed increased periosteal
apposition and endocortical resorption and reduced bone
strength and, for two of the models, increased cortical oste-
ocyte apoptosis. These features are similar to those found in
aged mice, suggesting a potential role of Cx43 on the aging
phenotype. Consistent with this, the expression of Cx43 is
reduced in bones from aging mice,>> which also exhibit in-
creased osteocyte apoptosis.”® Old age and Cx43 deficiency
on osteocytic cells causes low levels of the pro-survival mi-
croRNA miR21 and increased PTEN protein levels, which
leads to decreased Akt activation resulting in cell apoptosis.>

Studies by our group were carried out to remove Cx43 from
mature osteoblasts and osteocytes (Cx43AOb'O'j') or mainly
from osteocytes (Cx43AOt).5 357 We found that both mouse
models exhibited increased osteocyte apoptosis and accumu-
lation of empty lacunae in cortical, but not cancellus bone, in
the lumbar vertebrae and femur. Similar increase in osteocyte
apoptosis was reported by Donahue’s group.>® In addition, the
femurs of these mice showed increased total area, marrow
cavity area, and cortical area, but no change in cortical
thickness or bone mineral density. These bone changes are
attributed to increased periosteal apposition and increased
endocortical bone resorption. On the other hand, no structural
or cellular changes were detected in cancellous bone. The
morphological changes are seen in these mice resemble aging,
with increased apoptosis and periosteal expansion.

Conversely, the increase in osteocyte apoptosis observed
in aged 14-month-old mice was partially prevented in mice
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overexpressing Cx43 under the control of the 8 kb fragment
of the DMP1 promoter (Cx43°T mice).*® While apoptosis
associated with aging also occurred in the osteoblasts of both
strains of mice, there was no difference between the Cx43°T
mice and the wild-type mice. In addition, aged wild-type
mice display decreased bone formation markers and in-
creased resorption markers compared to young mice, but
overexpression of Cx43 in Cx43°T mice led to the opposite
effect: increased formation and decreased resorption markers
compared to young mice.

As discussed above, Cx43 is required for the bispho-
sphonate actions in vitro. This was also demonstrated in
in vivo experiments by our group using mice with Cx43 de-
leted from osteoblasts and osteocytes.” In this experiment,
mice received the glucocorticoid prednisolone to induce os-
teoblast and osteocyte apoptosis, together with either vehicle
or the bisphosphonate alendronate. While alendronate pre-
vented apoptosis in control mice, it was ineffective in mice
lacking osteoblastic Cx43.

Similar to the tissue-specific Cx43 deletion, the role of the
C-terminus Cx43 tail on bone morphology and bone cell
function was examined by two different research groups us-
ing slightly different models.**®" In one of the studies, our
group showed that expression of one allele of the
Cx43K258Stop gene (lacking amino acids starting from Lys
258)62 and one Cx43 floxed allele® in female mice results in
lower cancellous bone volume but higher cortical thickness
compared to mice expressing wild-type Cx43.*® This phe-
notype is associated with decreased osteoblast number and
activity. Interestingly, the consequences of expression of the
truncated Cx43 contrast with those of its deletion from
osteoblast/osteocytes, which lead to changes in cortical bone
without affecting cancellous bone.'*

However, work of Stains’ group showed that expression of
the same truncated Cx43 in the context of Cx43 deficiency
(Cx43K2385tP" mice) leads to a phenotype similar to the
tissue-specific deletion in male mice.’! On the other hand,
Cx4355851°P" female mice have similar changes in bone as
Cx43K2388top/llox fomales,®©! indicating a sex-dependent
effect of Cx43 truncation. Regarding apoptosis, no differ-
ences in cell viability (TUNEL staining) were detected in
female Cx43%2%*5'P mice, independently of whether they
expressed or not the floxed Cx43 gene in osteocytes.*® Si-
milarly, empty lacunae (a measurement of osteocyte death)
were increased in male Cx43%285°P" mice °! These results
indicate that, unlike its effects on bone structure, the lack of a
role of Cx43 C-terminus on osteocyte viability is independent
of the sex of the mice.

To tease out the contribution of gap junctions versus
hemichannels on bone, Xiang’s group developed two mouse
models of transgenic expression of Cx43 mutants in osteocytic
cells.* These animals expressed either a Cx43 mutant in
which the amino acid Arginine 76 is replaced by Tryptophan
(Cx43R76W), unable to form gap junction channels but with
functional hemichannels, or a truncated mutant lacking amino
acids 130-136 (Cx43A130-136), which eliminates channel
permeability for both hemichannels and gap junction channels.
These mutations were targeted to osteocytes via a fragment of
the DMP1 gene promoter. Adult, 4-month-old male mice ex-
pressing Cx43A130-136 exhibit less organized cortical bone
and increased levels of cleaved caspase-3 compared to wild-
type mice, consistent with increased osteocyte apoptosis.
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The Cx43R76W mutant showed minimal changes in or-
ganization and cell death compared to wild type. This indi-
cates that functional Cx43 hemichannels, and not gap
junctions, are needed for osteocyte survival. In addition to
these effects, expression of Cx43A130-136 results in in-
creased total and bone area, cortical thickness, bone marrow
cavity area, and endocortical irregularity, consistent with
periosteal expansion and endocortical resorption and similar
to Cx43-deficient mice. Further, Cx43A130-136 bones had
reduced material properties.

Additional studies using the two transgenic mouse models
analyzed the consequences of the mutations on bone and
skeletal muscle with aging in 18-month-old male mice.?’ The
authors showed that the enhanced hemichannel activity in the
Cx43R76W mice led to increased osteoclast surface due to
higher ATP release by osteocytes. On the other hand, the
impaired channel permeability in the A130-136 mice led to
higher osteocyte apoptosis that is ascribed to reduced PGE,
levels. In the same study, it was found that osteoblast number
was decreased in Cx43A130-136 mice with normal bone
mass, and this could be explained by the impaired hemi-
channel activity counteracting the delay in osteoblastogen-
esis. In conclusion, Cx43 hemichannels are involved in bone
mass regulation through their action on bone cells viability in
aged mice. Additionally, the investigators showed that im-
pairment of hemichannels caused an increase in empty la-
cunae and higher levels of caspase-3, hallmarks of osteocyte
apoptosis.

Cx43 Mutations Associated with Bone-Related
Human Disease

Human studies

Studies of the early 2000s first identified mutations of the
GJAI gene in families with ODDD (OMIM# 164200).%> By
2016, more than 76 different mutations were associated with
ODDD, most of them inherited in an autosomal-dominant
manner.”>°%” ODDD is a disorder that involves craniofacial
abnormalities, mandibular overgrowth, cleft palate, abnormal
dentition, syndactyly, and broad tubular bones.®> In addition
to the skeletal manifestations, individuals with ODDD exhibit
ocular defects, and, less often, central nervous system mani-
festations, bladder incontinency, and skin abnormalities.®’
Curiously, given the importance of the GJA1 gene expression
in cardiomyocytes, heart manifestations of the disease are
uncommon in ODDD individuals, potentially due to com-
pensatory effects of other Cx expressed in the cardiac tissue.

The molecular and functional bases for ODDD-related
mutations are not fully understood. Studies have shown loss
of gap junction channel function, gain of hemichannel
function, and improper channel trafficking, as well as trans-
dominant effects on other connexins.®” Different effects on
Cx43 biological function could be explained by the fact that
the mutations are found in different domains of the protein,
including the extracellular and intracellular domains, as well
as the transmembrane regions.®® As described below, animal
models for specific mutations were developed to understand
the cellular and molecular mechanisms responsible for the
phenotypic characteristics of ODDD patients.

In addition to ODDD, a study reported that four separate
families with craniometaphyseal dysplasia (OMIM# 218400)-
affected individuals exhibit a mutation leading to the change
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from Arginine to Glutamine in the amino acid 239 of the Cx43
gene (Cx43R239Q).*° Craniometaphyseal dysplasia is a
condition associated with dysfunctional osteoblasts and os-
teoclasts.”® However, the cellular mechanisms associated
with this Cx43R239Q recessive mutation have not been de-
termined. Other conditions associated with GJA1 mutations
include congenital heart diseases, sudden infant death syn-
drome (SIDS), and hereditary deafness,”! which are outside
the scope of this review.

Animal models

Mouse models mimicking the human mutations have been
generated and the skeletal phenotypic characteristics caused
by the mutation found in mice were similar to those in hu-
mans with ODDD.>® The first report of a musculoskeletal
phenotype in an animal model was published by Flenniken
et al.°® These authors performed N-ethyl-N-nitrosourea mu-
tagenesis screen and found that the G60S mutation in the
GJAI gene leads to a dominant negative disruption of gap
junction assembly and function. These mice exhibit charac-
teristics similar to individuals with ODDD, including syn-
dactyly, dental defects, and craniofacial and ocular
abnormalities. In addition, the G60S mutant mice have low
bone mass and reduced bone mechanical strength.

An 1130T Cx43 mutant mice was reported in 2007.”* This
study focused on the cardiovascular phenotype, without an-
alyzing the skeleton of the mice. A later study conducted in
2017 using mouse expressing the G138R Cx43 mutation
showed osteopenia, reduced bone volume, and increased
trabecular spacing.”* This phenotype was mainly the result of
decreased number of osteoblasts. In addition to these find-
ings, another study found that osteoblastic cells isolated from
the ODDD mouse model exhibited reduced gap junction
communication and impaired late stage osteoblasts differ-
entiation.”

Further studies showed that expression of the G138R Cx43
mutant in osteochondroprogenitors (by using the Dermol/
Twist2 prompter to target the expression of the Cx43 mutant)
also exhibit a skeletal phenotype.” These mice exhibit low
bone mass, craniofacial abnormalities, and a cortical bone
phenotype that resembles that of Cx43-deficient mice. To our
best knowledge, no studies reported the molecular mecha-
nisms responsible for the effects of the G138R Cx43 mutation
on osteoblasts. However, in the manuscript by Dobrowolski
et al., the authors report that the Cx43 mutation results in loss
of Cx43 phosphorylation and increased ATP-releasing ac-
tivity of the mutated channels in cardiomyocytes, changes
that could also be responsible for the altered osteoblastic
phenotype in G138R Cx43-expressing mice.”

Conclusions

Cx43 is involved in the differentiation, activity, and sur-
vival of all bone cells: osteoblasts, osteocytes, and osteo-
clasts. Global Cx43 deficiency results in perinatal death, and,
therefore, it is not possible to use full knockout mice to study
the role of Cx43 on the adult skeleton. To overcome this
obstacle, mice with deletion of Cx43 in osteoblasts/
osteocytes were generated using the Cre-LoxP system.>®7-7°
Interestingly, while some differences were found in the
phenotype of these mice depending on the promoter used to
target the expression of the Cre recombinase, all models
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showed increased periosteal apposition and endocortical re-
sorption and reduced bone strength and, for two of the
models, increased cortical osteocyte apoptosis.

These studies with tissue-specific deletion, together with
those using Cx43 mutants lacking the C-terminus domain, >’
with changes in osteocyte channel function,>”** or with osteo-
cytic Cx43 overexpression® have allowed for a better under-
standing of the role of Cx43 on bone cell biology. Yet, further
studies are needed to completely elucidate the mechanisms for
Cx43 action, including the role of channels/hemichannels, and
C-terminus domain, its subcellular localization, and the mech-
anisms associated for the sex-specific consequences of the
truncated Cx43 molecule on bone structure.

Human studies identified mutations in GJA1, the gene
encoding for Cx43, as the culprit for ODDD.®’ This is a very
rare condition with symptoms that might appear at birth or in
infants and can worsen with aging. The life expectancy of
individuals with ODDD depends on the severity of the
symptoms. In particular, life expectancy is reduced if there is
an involvement of the heart tissue, for example, in individuals
and mice carrying the 1130T Cx43 mutation.”” Due to the
variability of the location and molecular effects of the mu-
tations in the GJA1 gene, a common approach to target Cx43
to improve bone health appears unlikely. Nevertheless, ap-
proaches to block Cx43 hemichannels in bone might prove
useful to prevent or reverse the skeletal complications of the
disease in cases in which overactive hemichannels are shown.
This could be achieved, for example, using the Cx43 hemi-
channel blocker antibody Cx43(M1), which was shown to
impair the anabolic effect of mechanical stimulation on
bone.”” Yet, further studies will be needed to test whether this
antibody still blocks hemichannel activity of mutated Cx43.
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