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Abstract
Aims: Connexin 43 is one of the most potent gap junction proteins related to osteoblast
differentiation and bone formation. We hypothesized that Connexin 43 is a significant factor
in osteogenic differentiation in the posterior longitudinal ligament through the regulation
of extracellular signal-regulated kinases (ERK) activity by converging on Runt-related
transcription factor 2 (Runx2) activity. In this study, we mapped the activity of Connexin 43
to ERK and Runx2 by extracting longitudinal ligament cell for culture and silencing Connexin
expression in addition to dexamethasone treatment in vitro. Methods: qRT-PCR, Western
Blot, and Runx2-responsive Luciferase Reporter Assay were performed to detect the activity
of ERK, Runx2 and the expression levels of osseous genes under Connexin 43 modification.
Results: Downregulation of Connexin 43 resulted in suppression of dexamethasone-induced
osteogenic differentiation, inhibition of the ERK and Runx2 activity, and reduction of osseous
gene expression. Conclusion: these data support that Connexin 43 significantly regulates
osteogenic differentiation in the cells from posterior longitudinal ligament by altering the
activity of ERK, and subsequently causing the modification of Runx2.

Copyright © 2016 S. Karger AG, Basel

Introduction

Ossification of the posterior longitudinal ligament (OPLL) is a pathological condition
causing ectopicbone formation in the cervical spinal ligament[1]. Although manylocal factors
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have been proposed, some of which have been confirmed during OPLL development, studies
have investigated the osteogenesis of fibroblasts from ossified ligaments [2]. The mechanism
of cellular signaling transduction regarding OPLL remains unclear. An association of OPLL
was reported as early as 1839. OPLL is a common disease throughout China and Asia [3].

Gap junctions are channels that are formed by hexamers of connexins (called a
hemichannel or connexon), which connect across the intercellular space [4]. The resultant
gap junction forms an aqueous pore between the cytoplasm of two cells that permits the
direct exchange of ions, small molecules and second messengers intercellularly [4, 5].
In bone, gap junctions primarily composed of Connexin 43 interconnect osteoblasts and
osteocytes [6]. In osteoblasts and osteocytes, Connexin 43 plays an important role in the
transmission of hormone, mechanical load and the signaling induction by growth factors [7,
8]. The growth factors induced signals affect the quality and geometry of the bones through
the hemi channel activity or the gap junctions during cell-to cell communications. However,
the mechanism of how Connexin 43 regulates the gene expression in the bones is not clear
during OPLL development.

Some studies have shown that Connexin 43 is an essential factor in osteogenesis
and osteoblast function [9]. Furthermore, studies have shown the correlative function of
Connexin 43 in modification of ERK activity, which consequently regulates Runx2 [10]. Runx2
is an essential transcription factor for osteoblast differentiation [11],and also involved in
chondrocyte maturation [12]. Therefore, it would be crucial to further assess the correlation
of Connexin 43 with Runx2 through the regulation of ERK activity.

In order to gain insight of how Connexin 43 regulates osteoblast function, this study
aims to further determine the functional relevance between Connexin 43, ERK, and Runx?2.
Specifically, we utilized RNA interference (RNAi) to target Connexin 43 in OPLL cells and
then we detected the expression changes in the messenger RNA (mRNA) of osteoblast-
specific genes of osteocalcin (OCN), alkaline phosphatase(ALP), and type I collagen (COL I)
post transfection. Furthermore, we detected ERK and Runx2 protein via Western Blot and
Luciferase Reporter Assay.

Materials and Methods

Hematoxylin and Eosin Stain

Human tissue samples of OPLL and non-OPLL patients were removed in one block and fixed with 4%
paraformaldehyde at 4°C. After fixation, the tissues were decalcified with 0.46 M ethylenediaminetetraacetic
acid solution for three weeks. Subsequently, the tissue samples were cut, divided, and processed through
a graded series of ethanol and xylene solutions for embedding in paraffin. The 5 mm-thick sections were
prepared in a mid-sagittal plane and were then subjected to staining by Hematoxylin and Eosin Stain (H&E).
The cell plates were stained with Alizarin Red S for observation of mineralization nodules. All samples were
observed under a light microscope.

Cell Culture and toludine blue staining

Thirty-eight posterior longitudinal ligament specimens from 20 OPLL patients and 18 non-OPLL
patients were obtained. The ligaments were isolated carefully from a non-ossified site to avoid any possible
contamination with osteogenic cells. Afterwards, they were minced into approximately 0.5 mm3 pieces and
washed with phosphate-buffered saline (PBS) twice. The ligament fragments were then plated in 90 mm
culture dishes and maintained in low glucose Dulbecco Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum. The explants were incubated in a humidified atmosphere of 95% air and 5%
CO, at 37°C. Cells derived from the explants were harvested from the cultured dishes with 0.05% trypsin
for further experimentation. Inverted phase contrast microscopy was used to observe the cell morphology.
Cells after treatment were washed with PBS twice, fixed in 95% ethanol, and then stained with toluidine
blue [13].
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Real-time quantitative RT-PCR

Total RNA was extracted from tissues and cultured cell lines using the TRIzol Reagent (Invitiogen,
China) and reverse transcribed into cDNA using the PrimeScript reverse transcription-PCR (RT-PCR) kit
(TaKaRa,Japan). Real-time PCR was performed using SYBR Premix Ex TaqTM II kit (TaKaRa) according to
the manufacturer’s protocol on an MX3005P QPCR system (Stratagene, La Jolla, CA, USA). PCR mixtures
were initially heated at 95°C for 10s, and then at 95°C for 30s, 58°C for 30s and 72°C for 40s for 40 cycles.
The glyceraldehyde- 3-phosphate dehydrogenase (GAPDH) mRNA was used as internal control. The primers
designed for quantitative real-time RT-PCR analysis were as follows: OCN forward primer 5-AGG GCA GCG
AGG TAG TGA-3’, OCN reverse primer 5-CCT GAA AGC CGA TGT GGT-3". ALP forward primer 5-GTG GAC
TAT GCT CAC AACAA-3’, ALP reverse primer 5-GGA GAA ATA CGT TCG CTAGA-3’. COL I forward primer 5‘-
CGA AGA CAT CCC ACC AATC-3’, COL I reverse primer 5-ATC ACG TCA TCG CAC AACA-3’. GAPDH forward
primer 5-CGC GGG CTC CAG AAC ATCAT-3’, GAPDH reverse primer 5-CCA GCC CCA GCG TCA AAG GTG-3.
All primers above were synthesized by Shanghai Sangon Biological Engineering Technology and Services
Co., Ltd. (Shanghai, China). All of the reactions were run in triplicates. The delta-Ct method for relative
quantification of gene expression was used to determine mRNA expression levels.

Western Blot

Whole cell extracts were extracted and subjected to Western blots. Equal amount of protein (20 pg/
well) from each sample was separated on a 10% sodium dodecyl sulfate polyacrylamide gel. The proteins
were transferred from the gel to a nitrocellulose membrane and then were blocked in 5% nonfat dried
milk for 1 hour at room temperature in Tris-Buffered Saline with Tween-20 (TBST) buffer (Ximei Chem
Co Ltd, Shanghai, CHN). Blots were then probed overnight at 42C with anti-Connexin 43 (rabbit, Sigma
Aldrich Co, St Louis, MO) at a 1:500 dilution. The membranes were then washed and incubated with a goat
anti-rabbit Immunoglobulin G (IgG) (H+L) linked to horseradish peroxidase (1:1000) for 2 hours at room
temperature. Thereafter, bound antibody was revealed using 3, 3-diaminobenzidine as the substrate. Finally,
the membranes were dried and scanned using an Epson Perfection photo scanner (Epson Corporation, CA,
USA). Protein intensities were quantitatively analyzed by Quantity One software (Bio-Rad). GAPDH was
used as the internal control. The value of Connexin 43 protein expression was the ratio of Connexin 43 per
GAPDH. Each specimen was performed at least three times.

Short Interfering RNA (siRNA) Construction and Transfection

The Connexin43-specific small interfering sequence was chemically synthesized as follows: positive
sense strand 5’-GAU GAU AAC CAG AAU UCU ATT-3’, antisense strand 5’-UAG AAU UCU GGU UAU CAU CGG-
3’ Nonsense siRNA were used as a negative control with the following sequence: positive sense strand
5’-UUCUCCGAACGUGUCACGUTT-3’, antisense strand 5’-ACG UGA CAC GUU CGG AGA ATT-3" The siRNAs
were synthesized in duplex by GenePharma Co, (Shanghai, China) and transfected into the posterior
longitudinal ligament cells via Lipofectamine 2000. Transfection of siRNA was performed according to the
manufacturer's instruction. These cells were treated with dexamethasone for 72 hours and then subjected
to evaluation. Experiments were repeated at least three times in triplicates. Data from representative
experiments are shown.

Luciferase Reporter Assays

Luciferasereporter assays were performed as described previously [14]. All experiments were repeated
a minimum of three times in triplicates. Data from representative experiments are shown. Luciferase data
shown on a single graph was from the same experiment so that all other variables were kept constant.

Statistical Analysis

Data are expressed as mean * SD. Data analysis was conducted using independent sample t tests. The
difference was analyzed using a paired t test. All analyses were performed with the Statistical Package for
Social Sciences (SPSS version 6.1.1, Norusis SPSS Inc, Chicago, IL) software in a two-tailed fashion with a
level of significance of p < 0.05.
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Results

Tissue derived from OPLL carries osteogenic characteristics

In order to identify the specific structure, main components, and morphological
differences between OPLL tissue and non-ossified tissue, H&E method was used. Histological
evaluation revealed that ectopic formation of bone tissue was identified from a sample
taken from an ossified posterior longitudinal ligament tissue with a proliferation of mature
osteoblast-like cell (arrows\) as compared with non-ossified tissues (Fig. 1A).

To clarify whether the tissue derived from OPLL has osteogenic characteristics, three
osteoblast specific genes including OCN, ALP, and COL I were detected and compared with
those in non-OPLL tissue via RT-PCR and Western blot. mRNA and protein expression of
OCN, ALP, and COL1 were increased in OPLL tissue (p < 0.01), suggesting that the tissue
derived from OPLL had an osteogenic characteristic (Fig. 1B and 1C).

Dexamethasone induces ossification of posterior longitudinal ligament cells

It has been reported that dexamethasone can induce osteogenic differentiation in human
periodontal ligament cells [14-16]. To assess the dexamethasone-induced posterior
longitudinal ligament cells, histochemical analysis was performed. In comparison to normal
tissue samples from a posterior longitudinal ligament, histological findings showed that 100
nM of the glucocorticoid drug, dexamethasone, can induce proliferation in mature osteoblast-
like cells from the posterior longitudinal ligament cells (Fig. 2A).

The expression of osteoblast-specific genes was also assessed by RT-PCR and Western Blot
(Fig. 2B and 2C, 2D). In comparison to normal tissue samples from posterior longitudinal
ligaments, the mRNA and protein expression of osteoblast-specific genes, OCN, ALP, and
COL1, were significantly increased in the dexamethasone-induced posterior longitudinal
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Fig. 1. The difference between ossification of posterior longitudinal ligament (OPLL) tissue and non-ossifi-
cation tissue (NOPLL). (A) ectopic formation of bone tissue in ossification of posterior longitudinal ligament
tissue (Ab) with a proliferation of mature Osteoblast-like cells (HE). (B, C) The mRNA and protein expres-
sion of OCN, ALP, COL1 were increased in OPLL (P < 0.01).
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ligament (p < 0.01). These data indicated that dexamethasone can significantly induce the
transformation of posterior longitudinal ligament cell into osteoblast-like cell.

Down regulation of connexin 43 inhibits dexamethasone-induced ossification

In order to evaluate the effect of Connexin 43 on osteogenic differentiation of the
posterior longitudinal ligament cells, toluidine blue staining was performed. A significant
difference among the three cell samples (dexamethasone, dexamethasone + empty vector,
dexamethasone + Cx43-siRNA) can be observed (Fig. 3A). Significant ossification can be
observed in dexamethasone-induced posterior longitudinal ligament cell in comparison
with dexamethasone induction combined with Connexin 43-siRNA. The osteogenic
differentiation of posterior longitudinal ligament cells was significantly inhibited despite
the effects of dexamethasone. This result suggested that Connexin 43 is a major factor in
osteogenic differentiation.

To determine the impact of time on the Cx43-siRNA transfection, the expression of Cx43
in cells was examined after the transfection with Cx43-siRNA in each set of experiments. The
inhibition effect was the strongest at 72h (Fig. 3B). Protein and mRNA expression of Connexin
43 were detected and compared between the transfected group and the negative control.
The expression of Connexin 43 in posterior longitudinal ligament cells was significantly
down regulated 72 h after transfection with Cx43-siRNA (Fig. 3C and 3D).

The protein and mRNA expressions of OCN, ALP and COL I in posterior longitudinal
ligament cells showed significant reduction 72 h after Cx43-siRNA transfection (Fig. 3C and
3D). RT-PCR analysis revealed that the ALP, OCN and COL I levels of the control group, empty
vector, and Connexin 43-siRNA differed by 43% (p < 0.01), 48% (p < 0.01), 39% (p < 0.01),
respectively. These results indicated that that Connexin 43 has a major impact on osteogenic
differentiation despite the proliferative effect of dexamethasone.
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Fig. 3. Down regulation of
Cx43 inhibits osteogenesis dif-
ferentiation of cells of posteri-
or longitudinal ligament when
induced by Dexamethasone;
(A) the difference between
cell transfected with and with-
out Cx43-siRNA when treated
with Dexamethasone. (B) the
effect of inhibiting the expres-
sion of Cx43 by Cx43-siRNA
was affected by time. (C) the
expression of Bony gene in
cell of posterior longitudinal
ligament transfected with and
without Cx43-siRNA when
treated with Dexamethasone
(measured by Western Blot).
(D) the expression of Bony
gene in cell of posterior lon-

gitudinal ligament transfected with and without Cx43-siRNA treated with dexamethasone (measured by

qRT-PCR).

Fig. 4. Down regulated ex-
pression of Cx43 inhibits p-
ERK and reduces Runx2 activ-
ity. (A) Cells were transfected
with cx43siRNA. The cells
were lysed 72h post-transfec-
tion. Whole cell extracts were
subjected to Western blotting
with anti-phospho ERK, anti-
total ERK and Anti-GAPDH an-
tibodies as load controls. (B)
Densitometric  quantitation
of the bands is shown to the
right. Representative data are
shown. (C) Down regulation
of Cx43 reduces activation of
runx2 promoter luciferase (**
p < 0.01). (D) Down regula-
tion of Cx43 reduces Runx2
expression by Western blot.

Yang et al.: Connexin 43 Affects Osteogenic Differentiation of the Posterior Longitudinal

Ligament Cells

B oconto 48n 720 9en
Cx43 s W mm—

GAPDH

Dex  Dex+EV  Dex+

O

g

g

=
o

g

@

P

g

o
=
L

[=]
s
1

Relative expression
o o
N o

B0ex
O Dex+EV
] |mDexsCxaasirNA

Cx43 ALP OCN COLI

A Dex+ Dex+
Dex EV  Cx43siRNA.

WBphospho-ERK

WB: total ERK

= ==
o =

L~
(SIS

Z
3
(¢}
<
()
123
©
L 06
o
S
o |
[
=
2
©
1
o

o

Dex Dex+EV

Dex+
Cx43siRNA

Relative phosp-ERK T

14 9
1.2 4
1 -
0.8 1
*%
0.6 1
0.4 4
0.2 4
0 B
Dex Dex+EV Dex+
Cx43siRNA
Dex+
D Dex Dex+EV  Cx43siRNA

Down regulation of connexin 43 inhibits the activation of ERK

Previous studies have demonstrated that ERK activation plays an important role in
cartilage formation. In order to assess the effect of Connexin 43 on the down regulation of
ERK activity and ossification formation, ERK protein levels from different treated groups
as described above were detected by western blot analysis (Fig. 4A). Densitometric
quantitation of the bands showed a significant down regulation of phospho-ERK activity in
Connexin 43-siRNA group (p < 0.05), suggesting that the phosphorylation of ERK induced by

dexamethasone was attenuated when Connexin 43 was silenced (Fig. 4B).

Based onrecentstudies, the expression of Connexin 43 affects the ERK signaling pathway
and the transcriptional activity of Runx2. To test this hypothesis, luciferase activity of Runx2
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was analyzed by luciferase reporter assay. The activation of Runx2 promoter luciferase was
significantly decreased when cells were induced with Connexin 43 siRNA (p < 0.05) (Fig. 4C).

Protein expressions of Runx2 were detected and compared between the transfected
group and the negative control group. The expression of Runx2 of the posterior longitudinal
ligament cell was significantly down regulated with the transfection of Cx43-siRNA (Fig. 4D).

The evidence demonstrated that Connexin 43 is correlated with Runx2 through
modification of ERK activity. Silencing of Connexin 43 could potentially lead to a down
regulation of ERK activity, thereby causing attenuated Runx2 activity.

Effects of ERK activity inhibition on gene expression

Inordertoverifywhetherthe ERKsignaling pathway playsanimportantroleinosteogenic
differentiation of the posterior longitudinal ligament cells induced by dexamethasone, ERK
inhibitor U-0126 was introduced to the dexamethasone-treated group. Western blot results
showed that phospho-ERK protein expression was significantly inhibited by 100 uM U-0126
compared with control and dexamethasone-induced alone groups (p < 0.05) (Fig. 5A and
5B).

For further analysis, Luciferase Reporter Assays were also performed to detect the
effect of ERK on Runx2 activity. There was a significant down regulation of Runx2 promoter
luciferase activity when ERK was inhibited (Fig. 5C). Western blot also showed a significant
decrease in Runx2 level as well as the expression of Bony genes ALP, OCN and COL1 with the
presence of the ERK inhibitor U0126 (p < 0.05) (Fig. 5D). These results further confirmed
that ERK is highly affected by Runx2 activity.

Discussion

There are numerous clinical studies about the progression of OPLL under mechanical
stress. OPLL cells have been transformed into cells that are highly sensitive to mechanical
stress, which may induce the progression of OPLL. OPLL cells can detect and transduce
mechanical stretch into biochemical signals that can modulate locomotion [2, 3]. OPLL is
highly progressed in both longitudinal direction and thickness after posterior decompressive
surgery, regardless of the ossification type [17]. The progression of OPLL is highly correlated
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with abnormal strain distribution in the intervertebral discs and is frequently observed
when strain in the tensile direction is distributed over the disc [2]. The ossification tends
to progress in patients with high mobility, in these patients, the range of motion of the
cervical spine was severely limited, indicating that dynamic factors were important in the
development of OPLL [3].

Additionally, gene analysis has been applied to clarify the underlying genetic background
due to the high prevalence of OPLL. Histochemical studies of OPLL have demonstrated
certain characteristics, including the presence of several different phenotypic osteoblasts
in ligament cells obtained from non-ossified sites, ALP activity, parathyroid hormone-
and prostaglandin E2-stimulated increases in cAMP, and responses to calcification and
1,25-dihydroxycholecalcifenol [3, 18, 19]. In addition to these systemic predispositions,
multiple local factors have been proposed for the pathogenesis of OPLL. However, the specific
cause at the cellular level of OPLL has not yet been found. This led to a further study on a
few possible cellular targets that could potentially be helpful for therapeutic intervention
regarding OPLL.

Over the past two decades, it has become clear that Connexin 43 is important for
the function of osteoblasts and osteocytes [6-9, 20, 21]. This connexin contributes to the
acquisition of peak bone mass and it is a major modulator of cortical modeling. Current
knowledge demonstrates that Connexin 43 is more than a passive channel. Rather, it
actively participates in the generation and modulation of cellular signals driving skeletal
development and homeostasis [7, 20-22]. Skeletal development (bone modeling) and
skeletal maintenance in post-natal life (bone remodeling) require the precise coordination
of the activity of several cell types including osteoprogenitor cells, osteoblasts, osteocytes,
and osteoclasts. Indeed, extracellular and intracellular autocrine and paracrine signaling
among these cells types are critical to both bone modeling and remodeling [23].

Osteoblasts require Connexin 43 throughout their differentiation program to modulate
cortical modeling via the regulation of bone formation and endocortical bone resorption
[8,9, 21]. Understanding the molecular mechanisms by which connexins modulate skeletal
homeostasis and are response to mechanical and hormonal cues will help define potential
applications of gap junction modifiers to improve bone structure and a possible therapeutic
intervention for certain diseases. Indeed, any intervention intend to impact the entire bone
formation unit to reverse or slow down skeletal diseases will require an understanding of
the intricate methods of intercellular exchange of information, such as those afforded by
Connexin 43 among osteoblasts and osteocytes, for optimal efficacy.

Furthermore, the ERK pathway has been discovered to be an important pathway to
be targeted for therapeutic intervention [24]. ERK activation induced by overexpression of
constitutivelyactive Mitogen Activated Protein Kinases (also knownas MEK1) increases Runx2
transcriptional activity [25]. ERK signaling increases Runx2 stability and transcriptional
activity, partly via increasing p300 protein levels and histone acetyltransferase activity
and subsequently increasing Runx2 acetylation by p300 [25]. This pathway is one of the
major links between the cell surface and nucleus to control diverse functions including cell
proliferation, differentiation, migration, and survival [26]. The level of Runx2 in the nucleus
is a critical determinant for selection of the pathway of osteoblast differentiation [27]. Thus,
the suppression of Runx2 nuclear protein is likely to be important for cell differentiation.

The ability of the ERK cascade to initiate and regulate all of these effects raises the
question how its specificity is determined. In order to execute all its functions, the ERK
cascade is heavily regulated at several levels, mainly by different phosphatases, but also by
other interacting proteins. There are given distinct mechanisms categorized in the regulatory
processes, which is critical to determine the ERK cascade specifically. These mechanisms
include: (a) changes in the strength and duration of the signals regulated by inhibitory
componenents, including phosphatases that induce different early genes. (b) Scaffold
proteins that aggregate signaling components in the cascade and facilitate the activation
of the corresponding up streams and down streams effectors. (c) Subcellular localization
affected by anchoring proteins, which lead to proper targeting. (d) Crosstalk among signaling
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pathways modulating the activity of downstream of ERK cascade by affecting the strength
of the signals. (e) The distinct functions of multiple components within the cascade tracking
to specific targets [25-27]. Understanding the mechanisms of activation and the regulation
of the various components of this cascade will enhance our insight into the regulation of the
ERK-dependent cellular processes in normal cells or of the malfunction in various diseases
and a probable therapeutic target for certain diseases [28, 29].

According to our experimental analysis, the sample tissues extracted from OPLL and
non-OPLL patients showed a significant difference in their structure and components.
Histological analysis of the sample tissue from the OPLL showed an ectopic formation
of cartilaginous tissue with a proliferation of mature osteoblast-like cell. Based on our
experimentation, we have demonstrated that the glucocorticoid dexamethasone can induce
ectopic formation of cartilaginous tissue and growth of mature osteoblast-like cell. However,
this induction can be inhibited when the Connexin 43-siRNA was transfected. Thus, we can
further confirm that Connexin 43 can significantly moderate osteogenic differentiation under
specific circumstances. This study further evaluated Connexin 43 and confirmed its effect on
ERK activity in correlation to Runx2 modification. These results were also accordance with
other studies [10, 30-32].

Protein and mRNA expression of OCN, ALP, COL I and Hcs24 were increased in OPLL
tissue, leading to a confirmation that the tissue derived from OPLL had an osteogenic
characteristic. In dexamethasone-induced cells, it was observed that the mRNA and protein
expression of osseous genes were also increased. The Connexin 43 silencing system was
designed to further assess our hypothesis and to observe whether inhibition of Connexin 43
can affect osteogenic differentiation in posterior longitudinal ligament cells. By performing
this experiment, we proved that targeting Connexin 43 could be a leading factor for a
therapeutic intervention towards OPLL. siRNA-Connexin 43 can cause significantly down
regulated expressions of OCN, ALP, COL I and Hcs24 in posterior longitudinal ligament cells
72 hours after transfection. This result showed a further confirmation of our hypothesis.

Evaluation of ERK activity was performed in order to understand the correlation of
Connexin 43 to Runx2. There was a significant down regulation of phospho-ERK activity
during Connexin 43 inhibition, as well as a significantly decreased luciferase activity under
Connexin 43 silencing system. ERK activity is directly proportional to Runx2 activity,
leading to a down regulatory effect in the Connexin 43 silencing system [33]. To finalize
our assessment, ERK inhibitor U-0126 was used to observe how ERK affects Runx2. ERK
inhibitor U0126 caused a significant decrease in Runx2 activity, and decreased expression of
bony genes ALP, OCN and COL1.

In addition to Connexin 43 functioning as a conduit for necessary intercellular exchange
of ions, metabolites, second messengers, Connexin 43 is also required during osteogenic
differentiation according to our analytical experiments. Furthermore, Connexin 43 has the
ability to amplify the transcriptional activity of Runx2 by increasing ERK signals, and thus
stimulate the osteoblast gene expression. These findings are consistent with a recent study
in osteoblast cells in which the Connexin 43 enhances cell signaling and gene expression in
osteoblast-like cells. The loss of Connexin 43 can impact the osteogenic differentiation of
bones. However, dexamethasone-induction leads to a down regulation of osteogenic activity.
The reduction of Connexin 43 affects ERK, which results in the decreased transcriptional
activity of Runx2, subsequently leading to an attenuated signal cascade. Taken together,
Connexin 43 can be a major factor in certain bone diseases at the molecular level.

Various studies in many cell systems have shown that altering gap junctional
communication or alteration of Connexin 43 influences signal transduction, gene expression,
cell migration, and survival [33-36]. Moreover, the convergence of Connexin 43 on Runx2
and ERK may not be the only mechanism by which Connexin 43 influences bone cell function
[35]. Indeed, we suggest a further molecular study on the specific mechanism of Runx2 and
possible modification on the signaling cascade.

Based on our results, we can conclude that Connexin 43 could be a potential therapeutic
intervention related to ossification of posterior longitudinal ligament disease. We have
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demonstrated that Connexin 43 can modify ERK activity and can regulate the activity of
Runx2, leading to a significant effect on the osteogenic differentiation of the posterior
longitudinal ligament.
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