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Abstract

Background: osteocytes are capable of detecting different signals, transducing them into biological responses and
transmitting them to osteoblasts and osteoclasts, allowing the maintenance of bone homeostasis. Bone mechanotrans-
duction is possible because osteocytes have different mechanosensor structures such as connexins (Cxs), integrins, the
primary cilium and even receptors coupled to G proteins such as the type 1 parathyroid hormone receptor (PTH1R).

Objective: to analyze the possible interaction of the different mechanosensor elements of the osteocytes and to obser-
ve their influence on the biological response.

Material and methods: we worked with the osteocytic cell lines MLO-Y4 Cx43+/+ (scrambled [SCR] and RNAi ¢.2) and
Cx43-/-.

Results and conclusion: our results show that Cx43 and integrin o2 are involved in lengthening the primary cilium,
potentially affecting its functionality as a mechanosensor (SCR vs RNAi a2, p < 0.0001 SCR vs Cx43-/- and p < 0.0001
RNAi a2 vs Cx43-/-). The a2 integrin also influenced the cellular localization of Cx43, promoting its presence in the
plasma membrane. Activation of PTH1R by agonists such as parathyroid hormone (PTH) and parathyroid hormone-rela-
ted protein (PTHrP) was also found to induce ERK 1/2 kinase phosphorylation, and these effects could be affected by
Cx43 deficiency, but do not appear to be. mediated by the silencing of a2 integrin. Finally, it was observed that the
presence of Cx43 and integrin a2 in osteocytes increases their adhesion capacity (Cx43+/+ SCR and RNAi a2 vs CX43-/-
p < 0.001 and p = 0.0039) and that deficiency in Cx43 causes an increase in the mortality of these cells (Cx43-/- vs
Cx43+/+ p = 0.0074).
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INTRODUCTION

Bone is a dynamic tissue that constantly remodels it-
self in response to a wide variety of stimuli, including
hormones, growth factors and mechanical loading
(1). Precise, coordinated control of bone remodeling
requires interaction and communication between os-
teoblasts (bone-forming cells), osteocytes (main bone
mechanosensor cells) and osteoclasts (cells responsi-
ble for bone resorption). It takes place, among other
mechanisms, thanks to the formation of gap junctions
(GJ) between these bone cells (2).

Osteocytes are capable of detecting mechanical stimuli
due to the fact that they present different mechanosen-
sory structures: integrins, GJ, connexin 43 hemichannels
(Cx43), primary cilia and/or G protein-coupled receptors
(GPCR), such as PTH1R3. Subsequently, these cells trans-
duce the mechanical stimuli into biological respons-
es, which trigger the activation of different signaling
pathways, inducing changes in gene expression and cell
metabolism. This causes the secretion of factors capa-
ble of regulating the proliferation and viability of bone
effector cells (osteoblasts and osteoclasts). Due to the
complexity of the extracellular environment of bone, it
is very likely that the different mechanosensors interact
with each other, integrating the multiple extracellular
signals into a cohesive signal (4).

Cellular communication plays an important role in
bone tissue, being embedded inside a mineralized
matrix (5). Connexins (Cxs) are proteins that constitute
some of the essential channels for communication be-
tween bone cells to take place.

Osteocytes may also promote bone formation due to
the endocrine actions of PTH and its local analogue in
bone, PTHrP, through the activation of PTH1R, their
common receptor (6). PTH1R is a GPCR that can trigger
various intracellular signaling pathways in bones (7).

The primary cilium is a mechanosensor structure ca-
pable of creating a different microdomain of the cell
cytoplasm. This allows the specific location and con-
centration of receptors such as GPCRs, ion channels
and effector proteins, thereby improving the kinetics
of signaling pathways (8).

Various studies have shown that defects in the func-
tion or sensory structure of the primary cilium are
associated with different diseases, generally referred
to as ciliopathies (9). Likewise, when the formation of
primary cilia is interrupted or their length decreases,
the cells present an altered mechanosensitivity and a
diminished response to mechanical stimulation (10).

Integrins are protein complexes that allow the cell
to interact with the extracellular environment (11).
Previous research has shown that in MLO-Y4 cells, 1
and o2 integrins are involved in the activation of ex-
tracellular signal-regulated kinases (ERK 1/2), induced
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by mechanical stimuli, which leads to the activation
of signaling pathways that modulate the adhesion of
osteocytes to the mineralized matrix and inhibit the
apoptotic response of these cells (12).

In this study, we hypothesized the possible relation-
ship between connexins, primary cilia, PTH1R and inte-
grins as regulators of biological processes that would
be crucial to the function of osteocytes.

MATERIALS AND METHODS

CELL CULTURE

Three types of MLO-Y4 cells Cx43+/+ (presenting an
empty vector as a negative control to be able to eval-
uate the effects of non-silencing) and Cx43-/- (cells de-
ficient in connexin 43, transfected with an RNAi) were
used, which were kindly provided by Dr. L. I. Plotkin,
and Cx43+/+ cells in which a2 integrin was silenced by
RNAI. These cells were seeded at a concentration of
24,000 cells/cm? and cultured with a-Modified Eagle’s
Medium (a-MEM) (Gibco, ThermoFisher Scientific, ES)
supplemented with 2.5 % calf serum (Calf Serum; CS),
2.5 % fetal bovine serum (Fetal Bovine Serum; FBS),
1 % L-glutamine, 1 % penicillin/streptomycin and Pu-
romycin from Streptomyces alboniger (Sigma Aldrich,
ES) at a concentration of 10 pg/ml.

All the surfaces on which these cells were seeded had to
be previously collagenized with type | collagen at 0.01 %
acetic acid13. Cells were kept at 37 °Cand 5 % CO,,.

SILENCING OF a2 INTEGRIN

MLO-Y4 Cx43+/+ cells were transfected with three
different a.2 silencers (RNAI) (5 nM) (ThermoFisher Sci-
entific, ES), targeting the a2 integrin sequence, using
lipofectamine RNAiMax (Life Technologies, Carlsbad,
CA, USA). The siRNAs were added in serum-free medi-
um for 24 h. The scrambled sequence (SCR) (RNAi con-
trol, Santa Cruz Technology, TX, USA) was used as a
negative control to evaluate the non-targeted effects
of silencing (RNAI off-targeted).

PCR

RNA extraction was performed with TRIZOL® (Ambi-
on, FosterCity, CA, USA). For RNA reverse transcrip-
tion (RTPCR, reverse transcriptase polymerase chain
reaction) the kit (Applied Byosistems, Grand Island,
NY, USA) and the thermocycler (Eppendorf, Hamburg,
Germany) were used.



To analyze the expression of the a2 integrin (Fw
5'CCATGATGGGTCGAAGCTGA3’; Rv 5CTTCGTCGGC-
CACATTGAAA3’) SYBR Green (Sybr promix ex Taq, Ta-
kara, Otsu, Japan) was used. The level of a2 integrin
expression was analyzed using p-actin as control gene
(Fw 5°GAACCCTAAGGCCAACCGTG3’; Rv 5’ACCAGAG-
GCATACAGGGACAG3’). Triplicates of all conditions
(Cx43+/+ and Cx43-/-) were performed. The expression
change of the genes was calculated based on the value
Of 2-AACt_

IMMUNOFLUORESCENCE

Multiwell plates (Falcon, ES) were seeded at 30,000
cells/well. Cells were grown until they reached 80 %
confluency and serum-free medium was added for
24 h to induce primary cilium formation. Cells were
then fixed with 4 % paraformaldehyde (PFA) and per-
meabilized with 0.5 % Triton X-100. Next, the block-
ing solution composed of 10 % bovine serum albu-
min (BSA), supplemented with 5 % goat serum, was
added for 1 h. Subsequently, the following primary
antibodies were kept overnight at 4 °C under agita-
tion: polyclonal anti-Cx43 produced in rabbit (Sigma,
ST. Louis, MO, USA) (1:1000 dilution in 10 % BSA and
5 % goat serum); and mouse monoclonal acetylated
anti-o. tubulin (Sigma) (1:1000 dilution in 10 % BSA
and 5 % goat serum), to observe the primary cilium.
Secondary antibodies were then added: Alexa fluor®
488 goat anti-mouse primary cilia (Invitrogen Molecu-
lar probes, Thermo Fisher ScientificTM, ES) (1:1000 di-
lutionin 10 % BSA and 5 % goat serum), to Cx43 Alexa
fluor® 568 anti-rabbit IgG (Live technologies, Thermo
Scientific™, ES) (1:1000 dilution in 10 % BSA and 5 %
goat serum). After 1 h of incubation, 4'-6-diamidino2-
phenylindole (DAPI) (1:10,000 dilution) was added.
The nuclei, the primary cilium and the Cx43 were visu-
alized with the epifluorescence microscope (Leica CTR
6000). Triplicates were imaged and a total of 100 cells
from each condition (Cx43+/+ SCR and a2 and Cx43-/-)
were analyzed. The fusion of the individual images of
the primary cilium, Cx43 and cell nuclei into one was
performed with the Imagel program, which allows
processing digital images, is capable of calculating the
area and the statistics of the value of the pixel selected
by the user and to measure distances.

STIMULATION BY PTH1R AGONISTS (PTH AND
PTHrP)

To perform stimulation by PTHrP and PTH, cells were
plated at a density of 25,000 cells/cm? and both ligands
were added at a concentration of 10-7 molar (M), for
10 min.
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CELL DEATH AND ADHESION ASSAY

Cell viability was determined by trypan blue exclusion,
a method that stains dead cells blue, allowing the per-
centage of live and dead cells to be calculated with
respect to the total using a Neubauer camera and a
bright field optical microscope (Leica DM5500B). to do
the counting.

After trypsinizing the cells and 30 minutes after re-
seeding, non-adherent cells were counted with the
Neubauer chamber. Next, images of different fields of
the cells adhered to the Petri dish were taken, using an
inverted bright field microscope (Leica DM5500B), to
calculate the percentages of cells adhered to the total.
A total of 9 fields of each condition were analyzed in
triplicate (Cx43+/+ SCR and .2 and Cx43-/-).

WESTERN BLOT ANALYSIS

Protein extraction was performed for each condition
in duplicate (Cx43+/+ SCR and a2 and Cx43-/-), using
RIPA Buffer (150 mM NaCl, 1.0 % IGEPAL® CA-630,
0.1 % SDS (sodium dodecyl sulfate), 50 mM Tris, pH 8,
Sigma-Aldrich, St Louis, MO, USA), protease inhibitor
(P1) (1:100 dilution, Calbiochem®, ES) and phosphatase
inhibitor (IF) (1:100 dilution, Calbiochem®, IT IS). Pro-
teins were quantified by the bicinchoninic acid (BCA)
assay (Pierce™ BCA Protein Assay Kit, Thermo Fisher
Scientific, ES). To carry out the reading, the Variouskan
Flash plate reader (Thermo Fisher Scientific, ES) was
used and three readings were made at 562 nm using
the Skanlt Software 2.4.3 RE program.

Protein extracts were separated using a polyacrylamide
gel. Proteins were subsequently transferred to a nitro-
cellulose membrane (Bio-Rad, Hercules, CA, USA). The
blocking was carried out with 5 % milk powder in Tris
saline buffer with Tween20 (TTBS) at 0.05 %, for 1 h
under stirring at room temperature. Next, the follow-
ing primary antibodies were incubated for 24 hours at
4 °C and under agitation: anti-phospho-p44/42 MAPK
(Erk 1/2) (Cell Signaling, Beverly, MA, USA), anti-p44/42
MAPK (Erk 1/2), and anti-a-tubulin (Sigma Aldrich, ES).
Subsequently, secondary antibodies were added. Che-
miluminescence development was carried out with
Clarity™ Western ECL substrate (Bio-Rad). The inten-
sity of the bands was quantified by densitometry, us-
ing Dnr Bio Imaging System MF ChemiBIS3.2 and the
programs Gelcapture and QuantityOneTM (Bio-Rad).

STATISTICAL ANALYSIS

The confidence limit established in all the statistical
tests was 95 %. Therefore, results with a p value (p)
p < 0.05 are considered statistically significant.

| Rev Osteoporos Metab Miner 2023;15(1):12-20 |



IMPLICATION OF CONNEXINS, INTEGRINS AND PRIMARY CILIUMIN BONE CELL ACTIVITY 15

For the comparison of means = standard deviation
(SD), the GraphPad Prism 8 program was used. To
compare means of more than two groups, the ANO-
VA test of a single factor and the ANOVA Welch test
were used. Equality of variances was not considered.
For multiple analyses, Dunnett’s test, Tukey’s test and
the non-parametric Kruskal Wallis test were used. Be-
ing t the statistic that analyzes if the measures of the
two conditions are equal or not and gl that would be
the degrees of freedom that indicate the number of
values that can be assigned arbitrarily.

RESULTS

INTEGRIN GENE EXPRESSION MODULATED
BY CONNEXIN 43 IN OSTEOCYTIC CELLS

The RNA expression of integrins a2, a6, f1, B3 and 36
and Cx43 was analyzed by means of quantitative PCR,
to study the possible relationship in the expression of
these two families of proteins.

Figure 1 shows how the o2 integrin significantly
decreases its expression level in cells of the Cx43-/-
line compared to Cx43+/+ cells (t=13.93, gl=4,
p =0.0002). On the contrary, the a6, f1 and B3 in-
tegrins significantly increase their expression in the
Cx43-/- cell line compared to Cx43+/+ (t = 3.646, df = 4,
p=0.0219; t=5.501, g=4, p=0.0053, t=26.18,
gl =4, p <0.0001, respectively). In the case of 6, no
significant differences were observed between the
two cell lines (t = 0.99, df = 4, p = 0.378).

These results indicate that the expression of connexin
43 conditions the expression pattern of various integ-
rins in osteocytic cells.

CONNEXIN 43 AND INTEGRIN a2 REGULATE THE
LENGTH OF THE PRIMARY CILIUM IN
OSTEOCYTIC CELLS

Immunofluorescence was performed to observe the
possible relationship and interaction between the
primary cilium, Cx43 and o2 integrin, three well-
known mechanosensors of osteocytes, and to deter-
mine if the development and length of the primary
cilium could depend on the presence of Cx43 and a2
integrin (Fig. 2).

MLO-Y4 Cx43+/+, MLO-Y4 Cx43+/+ cells silenced with

a2 integrin (RNAIi a.2), and MLO-Y4 Cx43-/- cells were
compared. In the results shown in figure 3, it was
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observed that all cell lines are capable of develop-
ing primary cilium and that this organelle originates
on the cell surface. In addition, it was observed that
Cx43 presents a different distribution in Cx43+/+ and
a2 RNAI cells, since in cells in which the a2 integrin
was not silenced, the presence of Cx43 predominates
in the cell membrane, an expected location, since it
is where it forms hemichannels and UCs. While in the
conditions in which the cells do not present o2 integ-
rin, Cx43 is distributed in the cell cytoplasm and not
so focused on the plasma membrane. Immunofluores-
cence images also showed that Cx43 and the primary
cilium do not co-localize.

In order to quantitatively compare the development
of the primary cilium and its length, images of each
cell type (Cx43+/+ SCR, Cx43+/+ RNAi 02 and Cx43-/-)
were analyzed. These images were taken from differ-
ent fields using fluorescence microscopy (40X).

Statistical analyzes were carried out comparing the
means + SD of the length in um of all the cilia ana-
lyzed in the cells Cx43+/+ SCR (2.37), Cx43+/+ RNAi a2
(2.08) and Cx43-/- (1.52). The results obtained indicate
that the length of the primary cilium in cells in which
a2 integrin was silenced and in cells deficient in Cx43
was significantly less than in scrambled cells. The p-val-
ue was: p = 0.0017 for the comparison of SCR vs RNAI
a2, p <0.0001 SCR vs Cx43-/- and p < 0.0001 RNAi a2
vs Cx43-/- (Fig. 3).

Based on these observations, we can suggest that con-
nexin 43 and integrin a2 are involved in primary ciliary
elongation in osteocytic cells.
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Figure 1. RNA expression of integrins a2, a6, f1, f3 and
(36 in Cx43 +/+ and Cx43-/- cells. The results are expressed

as mean + SD of an experiment performing triplicates of each
experimental condition *p < 0.05; **p < 0.01; ***p < 0.001;
***%p < 0.0001.
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Figure 2. Immunofluorescence of MLO-Y4 Cx43+/+ (SCR and RNA a.2) and Cx43 -/- cells. The cell nucleus was visualized with DAPI
(blue), the primary cilium with the anti-a-acetylated tubulin antibody (green) and the Cx43 with the anti-Cx43 antibody (red). Images were
captured with a confocal fluorescence microscope (40X). Scale bar = 50 um.
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Figure 3. Comparison of primary cilium length (um) between lines Cx43+/+ (SCR and RNAi .2) and Cx43-/-. A. The results show

the mean value + SD of the length of the primary cilium in mean pm from the images made at different fields. *p < 0.05; **p < 0.01;
**%p < 0.001; ****p < 0.0001. B. Representative images in which the nucleus can be visualized by DAPI (blue) and the primary cilium by
anti-o-acetylated tubulin antibody (green). The images were captured with a confocal fluorescence microscope (40X). Scale bar = 50 pm.
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REGULATION OF ERK KINASE 1/2
PHOSPHORYLATION BY CONNEXIN 43 IN
OSTEOCYTIC CELLS

To characterize the response of MLO-Y4 cells (Cx43+/+
and Cx43-/-) to stimulation by agonists, the PTH1R,
PTH and PTHrP (1-37) receptor ligands were added to
the culture medium at a concentration of 107 M, for
10 min. Immediately afterwards, protein extraction
was performed to analyze P-ERK expression by West-
ern blot. The purpose of this experiment was to de-
termine if Cx43 deficiency influenced the activation
of the PTH1R receptor after stimulating it with their
respective ligands (PTH and PTHrP) and to analyze the
intracellular signaling pathways that this stimulus acti-
vates and the cellular response that it triggers, specifi-
cally the ERK 1/2 phosphorylation.

The results obtained show that in Cx43+/+ cells, stim-
ulation with PTH and PTHrP increases ERK 1/2 phos-
phorylation (mean = SD of the duplicates made) with
respect to cells that were not stimulated with any li-
gand (CE). In the case of Cx43-/- cells, PTH stimulation
decreased ERK phosphorylation relative to Cx43+/+
cells that were stimulated with PTH, and the agonist
peptide PTHrP did not stimulate Cx43-/- cells. No sig-
nificant variations were obtained in the levels of P-
ERK between the different experimental conditions
(Fig. 4).

Our observations suggest that connexin 43 regulates
ligand-activated PTH1R-dependent phosphorylation
of ERK 1/2.

Cx43 EXPRESSION REGULATES VIABILITY
AND ADHESION OF OSTEOCYTIC CELLS

A cell death assay was performed with Cx43+/+ SCR,
RNAI a2 and Cx43-/- cells in order to determine wheth-
er the lack of expression of integrin 0.2 and Cx43 would
modify the signaling pathways involved in the cell re-
sponse, causing its apoptosis. Figure 5A shows how the
number of live Cx43-/- cells decreases significantly with
respect to Cx43+/+ SCR cells (p = 0.0035). In the case
of the analysis of dead cells, we see that their num-
ber increases significantly in Cx43-/- cells compared to
Cx43+/+ SCR (p = 0.0074).

As for the Cx43+/+ RNAIi a2 cell line, as there were
no significant differences in the number of live cells
(although there was a slight tendency towards a de-
crease in their number) and it presented a very simi-
lar number of dead cells with respect to cells. Cx43+/+
SCR, it is suggested that the silencing of the a2 integ-
rin influences the proliferation of osteocytes and not
their death.

On the other hand, an adhesion assay was also per-
formed on Cx43+/+ SCR, RNAi a2 and Cx43-/- cells.
Figure 5B shows that the number of Cx43-/- cells
adhered to the collagen plaque decreases signifi-
cantly with respect to Cx43+/+ SCR and a2 RNAI cells
(p < 0.001 and p = 0.0039, respectively). In the case of
counting non-adherent cells, their number increased
significantly both in Cx43+/+ RNAi a2 cells and in
Cx43-/- compared to Cx43+/+ SCR (p =0.0146 and
p = 0.0134, respectively).
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Figure 4. Analysis of P-ERK after stimulating MLO-Y4 Cx43+/+ and Cx43-/- cells with PTH and PTHrP. In Cx43+/+ cells, stimulation with
PTH and PTHrP increases ERK 1/2 phosphorylation vs. cells that were not stimulated with any ligand (CE) (2.200 + 0.696 vs. 0.4240 +
0.150 and 1.11 £ 0.554 vs. to 0.4240 + 0.150, respectively). In Cx43-/- cells, PTH stimulation decreased ERK phosphorylation relative to
Cx43+/+ cells that were stimulated with PTH (0.865 + 0.003 vs. 2.20 + 0.696). Total ERK and tubulin values were used to normalize P-
ERK values. Results are expressed as mean + SD of a duplicate experiment of each experimental condition vs. CE.
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non-adhered cells on the plate. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

Cell adhesion was quantified using brightfield images,
which also allowed the morphology of the different
cell types to be analyzed, and it was observed that the
Cx43+/+ SCR cells had a more elongated shape and a
greater number of dendritic extensions, which would
potentially allow them to have a higher adhesion ca-
pacity. In contrast, Cx43+/+ RNAi a2 and Cx43-/- cells
showed a more rounded structure, probably due to
the absence of both integrins and connexins, both
transmembrane proteins that favor cell adhesion (4).

These results are related to those obtained in the cell
death assay, since we observed a greater number of dead
cells in the Cx43-/-, due to the lack of Cx43, adhesion to
the culture surface would be difficult, which could cause
cells to detach and die due to lack of substrate binding.

DISCUSSION

Integrins and connexins play an essential role in cellular
functions (14). However, it has not been clarified wheth-
er the interaction of both families of proteins is necessary
for the proper functioning of osteocytes. The decrease in
02 integrin expression in the Cx43-/- cells led us to con-
sider whether this integrin could act as a mediator in the
processes dependent on Cx43 in the osteocytes.

In addition to Cxs and integrins, the primary cilium is
also considered a mechanosensor of osteocytes (4). In
the immunofluorescence images, it was possible to
observe how the deficiency in Cx43 and the silencing
of the integrin a2 influence the length of the primary
cilium. Various studies indicate that the length of the

primary cilium is a determining factor for its correct ac-
tion as a mechanosensory (4), given that if the length
of the cilium is very small, the space of the ciliary mem-
brane would decrease where ion channels and recep-
tors such as PTH1R that mediate the ciliary membrane
detected by the cilium and allow the transduction
of different intracellular signals (15). Furthermore,
the primary cilium generates a specific intracellular
compartment in which the intra-flagellar transport
of different proteins is necessary both for the devel-
opment of this organelle and for signal transduction
(16). Therefore, if this space is reduced, these processes
could be altered, causing the osteocytes not to gen-
erate adequate responses to extracellular stimuli (10).

In the immunofluorescence images, a different dis-
tribution of Cx43 between Cx43+/+ SCR and Cx43+/+
RNAIi a2 cells also seems to be observed. Although in
both conditions the expression levels of Cx43 are sim-
ilar, that is, the silencing of the integrin a2 did not
influence the expression of Cx43, it could influence
the cellular localization of this protein, since in the
Cx43+/+ cells the Cx43 It was found mainly in the cell
membrane. These results could indicate that integrin
a2 and Cx43 interact in the cell membrane and that
their expression triggers a positive feedback favoring
the transport of these proteins from the endoplasmic
reticulum to the cell membrane.

The osteocytes, embedded in the mineralized matrix,
are capable of detecting different signals, translating
them into biological responses and transmitting them
to the rest of the bone cells, mainly osteoblasts and
osteoclasts, to allow the maintenance of bone homeo-
stasis (17). One of these signals is stimulation by PTH1R
agonists (PTHrP and PTH) (18).
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Our results indicate that ERK 1/2 phosphorylation in-
creases in Cx43+/+ cells when they are stimulated with
PTH and PTHrP. In the case of Cx43-/- cells, stimulation
with PTH and PTHrP seems to be inhibited since the lev-
els of phospho-ERK 1/2 decrease with respect to Cx43+/+
cells. This may be due to the fact that Cx43-/- osteocytes
are less sensitive to stimuli, given that they are deficient
in the Cx43 protein that acts as a mechanosensory and
also have a shorter primary cilium. All this would cause
the PTH1R to have less space to locate itself in the ciliary
membrane and generate intracellular responses such as
the phosphorylation of ERK 1/2. Another of the results
observed in this experiment is that it seems that the in-
crease in ERK 1/2 phosphorylation is greater when we
stimulate with PTH than with PTHrP, at the time stud-
ied (10 min), which would indicate that both agonists
activate PTH1R differently. This activation mechanism
is probably mediated by Cx43. However, more experi-
ments would be required to confirm that this stimula-
tion can generate a modification in ERK phosphoryla-
tion and therefore a biological response in the cell.

Other characteristics analyzed in these cells were their
morphology, adhesion capacity and cell death. The
Cx43+/+ SCR cells were found to have a more elongat-
ed shape and a greater number of dendritic extensions,
which increased their adhesion capacity. In contrast,
Cx43+/+ RNAia2 and Cx43-/- cells have a more rounded
morphology and a lower adhesion capacity compared to
Cx43+/+ SCR cells. Cx43-/- cells also show a higher mor-
tality compared to the other two cell types. Based on
these results, it is suggested that the absence of Cx43 and
integrin a2 prevent the correct adhesion of cells to the
collagenized plate, which in turn would compromise the
development of dendritic extensions (19). Reducing the
number of dendritic extensions would cause the commu-
nication between cells to be altered and since this com-
munication is essential for cell survival, it could explain
why a higher mortality is observed in Cx43-/- cells. The
results obtained concur with previous research in which
it has been shown that connexins and integrins are pro-
teins that intervene in cell adhesion (20). In addition,
Cx43 regulates different signaling pathways that lead
to the expression of pro-survival genes21, which is con-
sistent with the results observed. In the case of Cx43+/+
RNAI a2 cells, alterations in cell adhesiveness could cause
less pronounced cellular effects, since no alterations in
cell survival were observed under these conditions. How-
ever, the decrease in adhesiveness could explain the ten-
dency of these cells to proliferate less than Cx43+/+ SCR.

CONCLUSION

Our study indicates that Cx43 deficiency modifies the ex-
pression pattern of integrins in MLO-Y4 osteocytes, in-
hibiting the expression of integrin a2 and increasing that
of integrins a6, B1 and B3, which seems to modify their
adhesion capacity. In addition, the absence of integrin
a2 and Cx43 alters the length of the primary cilium.
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