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the incidence of pneumonia may have been rela-
tively lower in such a large heterogeneous study
sample.

Regarding the risk factors associated with the devel-
opment of pneumonia, some of them were reported to
be age, primary disease, consciousness disorders, nutri-
tional status, poor ADL, poor oral status, and swallow-
ing dysfunction (40, 41). In the present study, among

‘the analysed predictors, the ‘aspiration of saliva’

detected by VE was the only significant risk factor for
pneumonia. In cases of bad oral health, saliva contains
numerous bacteria. Therefore, patients with silent
aspiration of saliva (without a cough reflex) are
aspirating bacteria, which may be the main factor
responsible for increasing the risk of pneumonia.

Additionally, even with the elaborative feeding ther-
apy provided in this study, the control of aspiration of
saliva or silent aspiration of saliva was generally
difficult. In the present study, there was also a tendency
for there to be a higher incidence of pneumonia in poor
ADL patients. Langmore et al. (42) also reported that
severely dependent functional status was an especially
potent predictor of aspiration pneumonia. Riquelme
et al. (40) reported that there was a significant rela-
tionship between the ADL and mortality rate. It was
also observed that patients with a BMI < 185 had a
higher tendency to develop pneumonia (P = 0-070)
compared with those with a poor ADL (P = 0:769). It is
well known that a lower nutrition condition affects the
host immunological function, thus making the subjects
more susceptible to pneumonia (43).

On the other hand, aspiration of saliva was also
detected as a significant risk factor for body weight loss
in this study. This finding could be explained by the
possible presence of subclinical aspiration-related pneu-
monia in those subjects with a body weight loss of 3%
or more.

The overall findings in this study demonstrated that it
is still very difficult to prevent aspiration of saliva even
if physicians provide elaborative feeding therapy and
even if patients do not eat and drink anything through
the mouth. Effective strategies to prevent the silent
aspiration of saliva will therefore be an important target
for future research.

Conclusion

The results of this study showed that, even with
elaborative feeding therapy, ‘aspiration of saliva’ as

detected by videoendoscopic examination was found to
be a significant risk factor for pneumonia and a body
weight loss of 3% or more in elderly patients living in
nursing homes.
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Pannexm 3 (Panx3) is a new
‘member of the gap junction pannexin
- family,: but its expression profiles and
physiological function are not yet clear.
We demonstrate in this paper that Panx3
is expressed in cartilage and  regulates
chondrocyte proliferation and
differentiation. Panx3  mRNA  was
expressed in the prehypertrophic zone in
the developing growth plate and was
induced during - the differentiation of
chondrogenic ATDCS and ‘N1511 cells.
Panx3-transfected ATDC5 and NI1511
cells promoted chondrogemc

dlfferentlatlon, but the suppression of

endogenous Panx3 __inhibited

differentiation of ATDC5 cells and

primary chondrocytes. Panx3-transfected

prohferatlon and pro oted 1 he ele,‘,‘
“ATP into the ac 1C¢ sil
by actlon of

actlvatlon

effector

'regulatmg the
levels -

Cartllage plays an 1mportant role in

mechamcal load resxstance and in skeletal -

structure support. It also serves as the
skeletal ~ template for  endochondrial
0351ﬁcat10n by which most bones in the
body, such as long bones, are formed. In

endochondral ossification,  cartilage

development is’ initiated -by mesenchymal
cell condensation, followed by a series of
proliferation and differentiation - processes.
Cells undergoing condensation differentiate
into chondrocytes, which then proliferate,

.produce type II collagen, and form the

proliferative zone of the cartilagé molds. As
development proceeds, chondrocytes in the
center ~ of  the  cartilage ~ molds
(prehypertrophic zone) cease proliferating

-and differentiate into type X collagen-

producing hypertrophlc chondrocytes, to
form the hypertrophic zone. Terminally
dxfferentlated hypertrophlc chondrocytes
mineralize th surroundmg - matrix.
Eventually these cells die by apoptosis and

‘are_replaced by osteoblasts that . form
L ftrabecular bone
ATDCS5 cells reduced PTH-induced c ll.” .

: ‘in order to allow
atio of properly sized’ cartilage and
‘  (;1) _ Parathyroid-hormone-related

f';peptld ‘(PTHrP) and parathyroid hormone
(PTH) sustain chondrocyte proliferation and
 delay dlfferentlatlon of the growth plate (2).
 PTHrP is expressed by perlchondnal cells
-and chondrocytes in the upper region of

growing cartllage Mutant - mice’ that are

;deflclent in PTHrP (3), PTH (4), or its
~ receptor (5) have short prohferatwe zones
~and accelerated chondrocyte differentiation,
: Wh]Ch results in abnormal endochondrial
. bone formatmn In" contrast, mice that

overexpress PTHyP  have  enlarged

proliferative zones and delayed chondrocyte
‘terminal differentiation (6). Humans with an

activating mutation in the PTH/PTHrP
receptor - develop Jansen’s metaphyseal
chondrodysplasia, characterized by

Copyright 2010 by The American Society for Biochemistry and Molecular Biology, Inc.

regulatlon of chondrocyte
~ prolife tlon and dlfferentlatlon must be
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disorganization of the growth plates and
delayed chondrocyte terminal differentiation
(7). These results suggest that PTH/PTHrP
signaling regulates skeletal development by
promoting cell proliferation and inhibiting

~hypertrophic differentiation of chondrocytes.

The binding of PTH/PTHIP to its
receptor activates both Gy and G family
heterotrimeric G  proteins (8,9). The
activation of G, is necessary for cAMP
production and protein kinase A (PKA)
activation, which leads to phosphorylation of
the cAMP response element binding
(CREB) family of transcription factors.
CREB then induces genes such as the cyclin
D1 and cyclin A genes. The activated
cyclin/cyclin-dependent kinases in tumn
phosphorylate the retinoblastoma protein
(pRB) and its relative factors, which then
dissociates the E2F transcription factor and
subsequently activates the target genes
necessary for DNA replication and cell cycle
_progression. Thus CREB is a direct target of
PKA and a downstream - target of
PTH/PTHrP/cAMP signaling and is required
for chondrocyte proliferation (10,11). How
proliferation signaling is downregulated in
the  prehypertrophic zone = to  stop
proliferation and allow the switch to the
postmitotic state, is not well understood.

Pannexins, relatives of innexins that
had been considered as exclusively
invertebrate gap junction proteins, were
recently discovered as candidates for a
second family of gap junction proteins in
vertebrates (12). Although there are some
similarities. in domain structures between
pannexins and connexins, which are well
characterized as vertebrate gap junction
proteins, these 2 protein families have no
sequence homology (13). The pannexin
family has 3 members: pannexin 1 (Panxl),
pannexin 2 (Panx2), and pannexin 3 (Panx3).
These proteins were originally identified in
the human and mouse genomes (12). The
expression of Panxl is observed in many
organs, such as the eye, thyroid, prostate,
kidney, and liver, but its expression is
especially strong in both the developing and
mature central nervous system (CNS) (12-
14). Panx2 is preferentially expressed in the’
CNS. Recently, it was reported that Panx3 is

expressed in skin, cartilage, and cochlea (15-

17).

In Xenopus oocytes, Panxl forms
both non-junctional hemichannels and
intercellular “channels and interacts with

- Panx2 (18). Panx1 hemichannels are stress-

sensitive conduits for ATP (19). Panxl is a
Caz+~permeable ion channel that is localized
on both the ER and plasma membrane, and
participates in ER Ca’" leakage and
intercellular Ca’* movement (20). Both
Panx! and Panx3 are glycoproteins and N-
glycosylation of these pannexins plays a role
in intracellular trafficking and functional
channel function (15,16). The physiological
function of pannexins in cell differentiation
has not yet been characterized, however.

" In this paper, we report that Panx3
regulates the proliferation and differentiation
of chondrocytes. Panx3 mRNA was
expressed in prehypertrophic chondrocytes
and induced during the differentiation of
chondrogenic ATDCS cells. The
transfection of Panx3 into ATDCS cells
promoted ATDCS5 cell differentiation,
whereas the inhibition of endogenous Panx3
by shRNA blocked differentiation. Panx3
promoted ATP release into the extracellular
space and inhibited PTH-mediated cell
proliferation, intracellular levels of cAMP,
and phosphorylation of CREB. Thus our

results suggest that Panx3 regulates the

transition of proliferation to differentiation
in chondrocytes.

EXPERIMENTAL PROCEDURES

Reagents=— Insulin-transferrin-sodium
selenite (ITS) was obtained from Sigma.
Recombinant rat PTH (1-34) was purchased
from Bachem. Recombinant human BMP2
was purchased from Humanzyme.

In situ hybridization— Digoxigenin-11-
UTP-labeled, single-stranded antisense RNA
probes for Panx3, Ihh, Col2al, Coll0al,
and Histlh4c were prepared using the DIG
RNA labeling kit (Roche Applied Science)
according to the manufacturer’s instructions.
In situ hybridization of the tissue sections
was performed essentially according to the
protocol provided with Link-Label ISH Core
Kit (Biogenex). Frozen tissue sections from
growth plates (E16.5) were generated and
placed on RNase-free glass slides. After
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drying the frozen sections for 10 min at
room temperature and incubating at 37°C
for 30 min, the sections were treated with 10

png/ml of proteinase K at 37°C for 30 min.

Hybridization was performed at 37°C for 16
h, and washes were carried out with 2x SSC
at 50°C for 15 min and 2x SSC containing
50% formamide at 37°C for 15 min. The
slides were then subjected to digestion with
10 pg/ml RNase A in 10 mM Tris-HCl (pH
7.6), 500 mM NaCl, and 1 mM EDTA at

37°C for 15 min and then washed. The

sections were treated with 2.4 mg/ml
Levamisol (Sigma) to inactivate endogenous
alkaline phosphatase.

Antlbody for Panx3——— A rabblt polyclonal

antibody to a peptide (amino acid residues,

HHTQDKAGQYKVKSLWPH) from the
first extracellular loop of the mouse Panx3

protein- was prepared. The antiserum was -

purified by the peptide affinity column. This
purified antibody *reacts specifically to
. Panx3 and was used for
immunohistochemistry, Western blotting,
and functional blocking assay. For inhibition
by the Panx3-antibody, the  cells were
incubated with 10 ng/ml affinity-purified

antibody or control IgG for 30 min before

the experiments. To abrogate the blocking
~activity with Panx3 -antibody, the Panx3
peptide was pre- 1ncubated with the Panx3-

antibody. A pepude with a scrambled -
sequence (WHTKYQVGLDPQHKASHK)

of the Panx3 peptide was used asa control

Immunohlstochemlstry— Frozen trssue,' '
sections were fixed with acetone at -20°C for

2 min and treated with L.A.B. (Liberate
Antibody Binding) solution for 15 min at
37°C. For cultured cell staining, the cells

were fixed with acetone at -20°C for 2 min.

Immunohistochemistry was performed on

 sections that were incubated with Universal
Blockmg Reagent (BioGenex) for 7 min at

room temperature before incubation with the
primary antibody. The primary antibodies
were detected by Cy-3- or Cy-5-conjugated

secondary - antibodies (Jackson

ImmunoResearch Laboratories). Nuclear

staining was performed with Hoechst dye
(Sigma-Aldrich). A fluorescence microscope
(Axiovert 200; Carl Zeiss Microlmaging, -

Inc.y and 510 Meta Confocal Microscope

Cell ¢

:RT

- (Zeiss) were used for immunofluorescent

image analysis. For GFP and ER-Tracker
Red (Invitrogen) staining, ATDCS5 cells

- were transfected for 2 days and then stained

with ER—Tracker Red as described in the
manufacturer s instructions. The images
were prepared with  AxioVision and
Phc}tkoshop (Adobe Systems, Inc.).

culture— ATDCS cells (21) were
grown in Dulbecco's modified Eagle's
medium/F-12 (Life ~ Technologies, Inc.)

‘containing 5% fetal bovine serum

(HyClOne) and under 5% CO, In
proliferation condltrons cells  were

: mamtamed under confluency, and the media

were replaced every . other day. In
dlfferentratlon condltlons cells were plated
in conﬂuency and. incubated in the same
medium p ,S,' 10 pg/ml of insulin, 10 pg/ml
of transferrm and 10 pg of selenium. N1511

2) were cultured with o-MEM (Life
Inc) contammg 2% fetal

from neonatal ICR ‘mice as
- described (23). Distal

cartllaglnous‘ ends of femurs and humeri

 were dlgested with 0.25% trypsin/0.01%

for 15 min, followed by digestion
}mg/ml collagenase type I
rthington) in DMEM/F-12 overnight.
Neonatal _mouse cartrlage tissue = was

"dlspersed by pipetting, and cells were
 filtered through 100 pm cell strainers
, (FALCON) Single cells were inoculated
onto type I collagen-coated multiwell dishes

malntamed in IO% FBS in cMEM.

-PCR and real-time PCR— Total RNA
xtracted from cells using the Trizol

- reagent kit (Invitrogen). Two pug of total
-RNA was used for reverse transcription to

generate cDNA, which was used as a

_template for PCR with gene-specific primers.
Each cDNA was amplified with an initial

denaturation at 95°C for 3 min; then 95°C
for 30 s, 60°C for 30 s, and 72°C for 30 s for
25 cycles; and a final elongation step at
72°C for 5 min and then separated on

" agarose gels. Real-time PCR was performed
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with SYBR Green PCR Master Mix and the
“ TagMan 7700 Sequencer Detection System
(Applied Biosystems). PCR was performed
for 40 cycles, 95°C for 1 min, 60°C for 1
min, and 72°C for 1 min. Gene expression
was normalized to the housekeeping gene
529. The reactions were run in triplicate and
repeated 3 times, and the results were
combined  to generate the graphs. The
following primer sequences were used:
Panx3, 5’-
GCCCCTGGATAAGATGGTCAAG -3’
and 5’- GCGGATGGAACGGTTGTAAGA

-3 Panxl, 5-
“TTTGGACCTAAGAGACGGACCTG -3’
and 5-
CGGGAATCAGCAGAGCATACAC -3’
Panx2, ‘ 5-
ACAAGGGCAGTGGAGGTGATTC -3’
and 5’-
CGATGAGGATAGCGTGCTGATG -3
Col2al, 5'-
GAAAAACTGGTGGAGCAGCAAGAGC
-3 and 5'-
CAATAATGGGAAGGCGGGAGGTC -3%
Agcl, 5’-

TGGAGCATGCTAGAACCCTCG -3’ and
5’- GCGACAAGAAGACACCATGTG -37;

Coll0al, 5'-
AGCCCCAAGACACAATACTTCATC -3
and 5'-
TTTCCCCTTTCCGCCCATTCACAC -3%
PPR, 5.
ACTACTACTGGATTCTGGTGGAGGG -
3 and 5
CTGGAAGGAGTTGAAGAGCATCTC -
3 PTHrP, 5°-
CAGACGATGAGGGCAGATACCTAAC -
’ - and 5.
CAGTTTCCTGGGGAGACAGTTTG -3
and Gapdh, 5'-

ACCACAGTCCATGCCATCAC -3’ and
5’- TCCACCACCCTGTTGCTGTA -3’.
The predicted size of each fragment is 373,
380,442, 392, 325, 463, 470, 558, 470, 372,
and 452 base pairs, respectively.

Western blotting=— The cells were washed
3 times with phosphate-buffered saline
containing 1 mM sodium vanadate
(Na3VOy), then solubilized in 100 pl of lysis
buffer (10 mM Tris-HCI (pH 7.4), 150 mM
NaCl, 10 mM MgClL, 0.5% Nonidet P-40, 1
mM phenylmethylsulfonyl fluoride, and 20

units/ml  aprotinin). Lysed cells were
centrifuged at 14,000 rpm for 30 min, and
the protein concentration of each sample
was measured with Micro-BCA Assay
Reagent (Pierce Chemical Co.). The samples
weré denatured in SDS sample buffer and
loaded onto a 12% SDS-polyacrylamide gel.
Ten pg of lysate protein was applied to each
lane.  After  SDS-polyacrylamide  gel
electrophoresis, the  proteins  were
transferred onto a polyvinylidene difluoride

membrane and immunoblotted with anti-

CREB, anti-phospho-CREB (Cell Signaling
Technology, Inc.), anti-MAP kinase; and
anti-phospho-MAP kinase (New England
Biolabs) and then visualized using an ECL
kit (Amersham Pharmacia Biotech). For
CREB and ERK1/2 experiments, the cells
were pretreated as follows: The cells (3x10*
cell/cm®) were plated in a 60 mm-dish and
cultured with 10 pg/ml of insulin, 10 pg/ml
of transferrin, and 10 pg of selenium for 7
days. They were incubated with serum-free
0.1%  albumin-containing DMEM/F-12
medium for 8—12 h and then exposed to 100
nM rPTH (1-34) for the appropriate times.

Plasmid construction and transfection=—
The coding sequence of mouse Panx3 cDNA
was subcloned into the pEF1/V5-His vector
(pEF1/Panx3) and pcDNA3.1-GFP-TOPO
(Panx3-pcDNA-GFP) (Invitrogen). As a
control, an empty vector of pEF1 or was
pcDNA3.1-GFP-TOPO used. ATDCS5 cells
or N1511 cells were transiently transfected
using Nucleofector (Amaxa). Briefly, cells
were resuspended in 100 pl of Nucleofector
solution T and transfected with 5 pg of
DNA using Program T-20. Transfection
efficiency using these conditions was shown
to be >70%. For stable transfection of
ATDCS5 cells, selection was initiated 24 h
after transfection using G418 (Invitrogen) at
a concentration of 600 pg/ml for 2 weeks.
Pools of transfected cells were collected and
cultured as the parental ATDCS cells, in the
continued presence of 60 pg/ml of G418.
All experiments were performed 3 times,
and representative experiments are shown.
For transient transfection, Panx3-pcDNA-
GFP was transfected into ATDCS5 cells
under the same conditions as used for stable
transfection, except that G418 was omitted. '
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Alcian blue stammg— The cells were ﬁrst
rinsed with PBS 3 times, and then fixed with
100% methanol for 10 min at —20°C.
Stammg was accomphshed by applymg a
solution of 0.1% Alcian Blue 8GXin0.1M
HCI to the cells for 2 h at room temperature

To quantify the intensity of the staining, the

stained culture plates were rinsed with PBS
3 times and the well extracted with 6 M
guanidine/HCI for 8 h at room temperature.
The optical density of the extracted dye was
measured at 650 nm.

Short-hairpin RNA experiments— Panx3-
specific knockdowns were performed with
the ‘expression of short-hairpin RNA
(shRNA) using a pSM2 vector (Open
Biosystems). The shRNA construct contains
the 3-untranslated region of Panx3
(GGCAGGGTAGAACAATTTA). A non-

silencing  shRNA construct from Open |

Biosystems, whose sequence has been
verified to contain no homology to known,
mammalxan genes was used as a control.
The cells were transfected with ShRNA
plasmids using Nucleofection ~(Amaxa).

- Selection  was  performed 24 h after
- transfection  with ~ puromycin at a

concentration of 4 pg/ml for 5 days. ’

siRNA experiments=— siRNAs targeting
mouse Panx3 (NM_172454) (Panx3 siRNA-
1, 5-UAAUAAGGAUGUCCACGUA-3’
and = Panx3 siRNA-2, 5-
GGGCUCAGAUUAUGGACUA-3’) were

purchased from Dharmacon..(siGenome On-

Target plus; Dharmacon). Negative control
siRNA duplex (Stealth - RNAi negative

control; invitrogen) was used as control.
Forward transfection for ATDCS cells and

reverse - transfection for primary
chondrocytes were carried out using
Lipofectamine RNAIMAX reagent
(Invitrogen), according to the manufacturer's
protocol. In forward transfection, ATDCS
cells were transfected with 50 nM siRNA
duplex in regular serum-free culture medium
- without antibiotics, using Lipofectamine
- RNAIMAX reagent. After 8 h incubation
with the transfection reagent mix, the
medium was changed to the differentiation
medium with BMP-2 and incubated for 8
days.  In reverse transfection, freshly
isolated chondrocytes were plated at an

!

'days
 CollOal were analyzed by real time PCR
»methods .

' initial density of 5x10%cm’, into the plates

that had been coated with Panx3 siRNA-1,
siRNA—ZV'or Stealth RNAI negative control
. the presence of Lipofectamine

RNAIMAX reagent.. After 8 h incubation

with the transfection reagent mix, the
medium was. changed to the differentiation
medlum ‘with BMP-2. and incubated for 2
‘,‘Expressmn of Panx3, Col2al and

Measurement of mtracellular CAM P

The cells were seeded at 1 X 10* cells/well
in a 96-well plate and cultured for 7 days

with DMEM/F-12 in the presence of 10

ug/ml of ITS They ‘were then incubated
with serum- free 0.1% albumin containing
DMEM/F-12 ‘medium for 8-12  hours,
followed by exposure’ to 100 nM rPTH (1-
34) for 10 min. The level of cCAMP was
determmed wrth , dge It cAMP Designer
Fluorescence 'ssay kit (Mediomics).
Brleﬂy, the cells were mcubated with 50 pl
of 1x KRB-IBMX buffer for 15 min at RT

and with 50 pl of ForSkolln for 15 min at RT.

After the solut1on was removed, the cells

were mcubated w1th 100 ul of the cAMP

desrgner assay solutlon for 30 min while

Vﬂuorescence mt‘ ty was. measured with a

plate reader xcitation . ~480-485 nm,

- Measurement of ATP flux

ATP ﬂux was determined by luminometry.
To open the pannexin channels, the cells
were depolarlzed by incubation in KGlu
solution (140 mM KGlu, 10 mM KCl and
50 mM TES, pH 7.5) for 10 min. The
supernatant was collected and assayed with
lumferase/lumfenn (Promega)

'RESULTS

Expression of Panx3 in cartilage— While

- searching for an expression profile of gap
junction genes in skeletal tissues through the

EST database, we found that Panx3 was
expressed in limbs and cartilage: Because of
its unique expression profile and its potential
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function in skeletal development, we
characterized the expression and function of
Panx3 in cartilage. In situ hybridization of
the embryonic day (E) 16.5 growth plates
revealed that Panx3 mRNA was strongly
expressed in the prehypertrophic zone (Fig.
1A, a). A control sense probe for Panx3

showed no signal (Fig. 1A, b). Indian

hedgehog (Ihh) mRNA was expressed in
prehypertrophic and hypertrophic
chondrocytes at this stage (Fig. 1A, c).
‘mRNA for type II collagen (Col2al), a
major collagen in cartilage, was expressed in
the resting, proliferative, and
prehypertrophic zones (Fig. 1A, d). Type X
collagen (Coll10al) mRNA was expressed in
the prehypertrophic and hypertrophic
chondrocyte chondrocytes (Fig. 1A, e).
Histone H4 (Histlh4c), a marker for cell
proliferation, was expressed in proliferating
chondrocytes (Fig. 1A, f). Immunostaining
with a Panx3 antibody showed that Panx3
protein was expressed in prehypertrophic
and hypertrophic chondrocytes and was
localized on the surface of these cells (Fig.
IB). Panx3 was also expressed in
perichondrial cells and osteoblasts.

Expression of Panx3 in differentiating
chondrogenic cells— The expression of
Panx3 mRNA in a transitional stage
between proliferative and hypertrophic
chondrocytes suggests that Panx3 regulates
chondrocyte proliferation and differentiation.
To assess the role of Panx3 in chondrocyte
differentiation, we wused the murine
chondrogenic cell lines ATDCS5 and N1511,
which are used to study multistep processes
of chondrocyte differentiation (21),(22).
ATDCS5 cells proliferate until confluency,
and then differentiate into chondrocytic
phenotypes in a prolonged culture in the
presence of insulin (21). Factors such .as
BMP-2, GDF-5, and TGFp accelerate the
chondrogenic. differentiation of ATDCS
cells (24-26). We first examined the
expression’ - of Panx3 mRNA during
differentiation of the ATDCS5 cells in the
presence of insulin using real-time RT-PCR
(Fig. 2A). Panx3 mRNA expression was
induced during ATDCS cell differentiation,

-and reached its highest level after 20 days of

culture (Fig. 2A). The expression of Col2al
mRNA was increased in a similar manner to

that of Panx3 mRNA; Coll0al mRNA was
induced at later stages of differentiation.
Without insulin, the induction of Panx3,
Col2al, and CollOal was low even in a
prolonged culture, ‘indicating that Panx3
expression was clearly linked to the
differentiation of ATDCS5 cells. We
observed similar expression patterns in those
genes during BMP-2-induced ATDCS
differentiation, except that BMP-2 promoted
differentiation much faster than insulin (data
not shown). In another chondrogenic cell
line N1511, BMP-2- and insulin-induced
expression of Panx3, Col2al, and CollOal
were seen (Fig. 2B). Western blot analysis
demonstrated that Panx3 protein with a

molecular weight of 45-kDa was induced in

differentiated ATDCS5 cells (Fig. 2C). These
results indicate that Panx3 was induced
during chondrogenic differentiation of
ATDCS5 and N1511 cells.

Membrane localization of Panx3 in
ATDCS5  cells— To examine cellular
localizations of Panx3, we immunostained
differentiated ATDCS cells using anti-Panx3
antibody (Fig. 2D). Panx3 was expressed in
the plasma membrane, cell extensions, and
in organelles most likely found in the
endoplasmic reticulum (ER) and the Golgi
of ATDCS cells 8 days after differentiation
induction. Panx3 was co-localized with
Calnexin, an endoplasmic reticulum (ER)
marker, indicating that the localization of
Panx3 was most likely in the ER (Fig. 2D, d,
e). There was no staining signal for Panx3 in
undifferentiated ATDCS5 cells (Fig. 2D, a).
We also examined the expression and
localization of Panx3 in pooled stable

Panx3-transfected ATDCS5 cells (Fig. 3A, B).

In these cells, Panx3 mRNA . and protein
were  strongly  expressed in an
undifferentiated condition. Both anti-Panx3
and anti-V5 antibodies detected the
recombinant protein as a single band of
about 49 kDa, corresponding to the
predicted molecular weight of the Panx3-
V5-His fusion protein (Fig. 3A). The
immunohistochemistry of Panx3-transfected

ATDCS5 cells showed that both anti-Panx3

and anti-V5 antibodies strongly stained the
plasma membranes (Fig. 3B). Some Panx3
signals were also observed in the
endoplasmic reticulum (ER) since ER-
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Tracker Red, whrch had been transiently
transfected with the Panx3 expression vector
containing a GFP tag, revealed that Panx3
was co-localized with an ~endoplasmic

reticulum (ER) marker Thrs mdrcates that -
the localization of Panx3 was most lrkely in -

the ER (Flg 3C)

Panx3 promotes ATDC5 and N1511 cell
dtfferentlatzon—— We next examined
whether the overexpression of Panx3 affects
ATDC5  cell differentiation.  Panx3-

transfected ATDC5 cells were cultured

under the differentiation condition in the
presence of insulin. The expression of
chondrocyte marker genes for Col2al,
aggrecan (Agcl), and Coll0Oal increased by
2.8-, 2.2-, and 5.1-fold, respectively,
compared with control pEFI-transfected
cells 8 days after induction (Fig. 4A, left
panel). The Panx3 mRNA levels in the
Panx3-transfected cells were ~100-fold
higher than those in the control pEFI1-
ATDCS cells at day 8-induction. At day 16,
after induction, the expression of both Agcl
and Coll0al in Panx3-transfected cells was
still hlgher than that of the control cells (Fig.
4A). Panx3 mRNA in the transfected cells at

 day 16 was mcreased by about 2- fold, when k

its level was: nonnahzed 'with the level of

control pEFl transfected cells. The large

« decrease in the relat1ve ratio of Panx3
mRNA levels at day 16 cornpared to day 8is
due to the endogenous Panx3 mRNA levels

increasing substantlally from day 8 to day -
16 as shown in Fig. 2A. The actual Panx3-

mRNA levels did not decrease in Panx3-
‘transfected ATDCS cells during
. differentiation. Alcian blue staining, often
used to stain proteoglycans in cartilage, was
also -increased in nodules of Panx3-
transfected cells compared to the control
cells (Fig. 4B). We also examined the
expression of chondrogenic marker genes in
trans1ently Panx3-transfected N1511 cells
with during differentiation in the presence of
insulin and BMP-2 (Fig. 4C). At day 3, the
expression of Col2al and Agc! mRNA was
stimulated in the transfected cells compared
to the control pEFI-transfected cells,

whereas Coll0al mRNA levels was very -

low in both control pEF1- and Panx3-
transfected cells. In day 4, Co/l0al mRNA
was induced in control cells and its

: controls

expression levels were promoted in Panx3-
transfected cells.  The total Panx3 mRNA

levels, including exogenous and endogenous
-Panx3 mRNA, did not change at day 3 or

day 4. Taken together, these results indicate
that Panx3 expression . . promoted

- chondrogenic cell differentiation.

. Suppresswn of endogenous Panx3

expression inhibits cell differentiation—
To analyze the endogenous Panx3 function
in ATDCS cell differentiation, we knocked

down Panx3 expression usmg Panx3 shRNA.

We transfected ~the Panx3 shRNA
expression vector into ATDCS cells. The
resulting stably transfected cells were
pooled and induced to differentiate in the
presence of msuhn After 8 days in culture,
the expression of Panx3 ‘was substantially
reduced at both the RNA and protein levels,
compared Wlth ‘empty vector-transfected

cells (Fig. 5A). Panx3 mRNA was found to

be downregulated | by ~70% in Panx3
shRNA transfec cells compared with the
‘ addmon the expression of

' ,gc] and Coll0al in
ted cells Was reduced by

trol cell level at 16 days in
: *Slmrlarly, N1511 cell

1 '(data not shown)
ate. the possxbrllty of off-

Panx3 siRNA- 1 and -2
xpressmn of CollOal, but not

d1fferent1at10n - The . suppression  of

endogenous Panx3 did not affect Col2a —
expressing chondrocytes but inhibited

drfferentlatlon to hypertrophic Coll0al-
expressing chondrocytes These results
indicate that the suppression of endogenous
Panx3 expression inhibited chondrocyte
differentiation. .

prrmary chondrocytes are a mixture of
different chondrocytes in varymg stages of

0102 ‘0z Aep uo ‘nyebieq exiyseyj 04401 1e B1o-0qf mmm Wo.y pepeciumoq



Panx3  inhibits PTH-induced cell
proliferation— It has been reported that
the expression of connexins such as

Cx43, Cx32, and Cx26 inhibits tumor

cell growth (27,28). Panx3 may have
similar cell growth inhibitory activity,
thereby  promoting ATDCS  cell
differentiation. Because PTH/PTHrP
promotes chondrocyte proliferation, we
examined Panx3 activity in PTH-
mediated ATDCS5 cell proliferation.
Three days after the addition of PTH, we
found that the number of control ATDCS
cells had increased in a dose-responsive
manner and that the maximum cell
- number was reached at 10 nM PTH (Fig.
'6). However, the number of Panx3-
transfected ATDCS cells was reduced in
response to increasing amounts of PTH
compared with the control cells (Fig.
6A). The endogenous PTHrP mRNA
levels remained the same in Panx3- and
control pEF1-transfected ATDCS cells,
under either proliferation or
differentiation conditions (supplemental
Fig. 1). PTH/PTHrP receptor (PPR) was
induced during differentiation but its
expression levels were similar in pEF-
and - Panx3-transfected cells
(supplemental Fig. 1). These results
suggest that endogenous PPR and
PTHrP did not affect the proliferation
and differentiation results. This reduced
proliferation  activity in  Panx3-
transfected cells with PTH was blocked
by anti-Panx3 antibody, but not control
IgG (Fig. 6B). These results suggest that
Panx3 inhibits PTH-mediated cell
proliferation.

Panx3 reduces intracellular cAMP and
ATP levels— Because PTH/PTHrP
stimulates ~ the  proliferation  of
chondrocytes through activation of the
cAMP pathway (2), we examined the
intracellular level of cAMP in Panx3-
transfected  ATDCS5 - cells  under
proliferation conditions (Fig. 7A). In the
absence of PTH, the intracellular cAMP
level was approximately 10% less in
Panx3-transfected cells than in control
pEF1-transfected cells. The addition of
PTH increased the cAMP level within 10

min by 1.7-fold in pEFI-transfected cells.
In  contrast, Panx3-transfected cells
demonstrated only a 1.2-fold induction by
PTH. This reduced induction of the cAMP
levels in Panx3-transfected cells was
reversed to normal levels by addition of
anti-Panx3 antibody, but not by control IgG
(Fig. 7A). These data suggest that Panx3
inhibited PTH-mediated proliferation of
ATDCS5 cells by reducing intracellular
cAMP levels. ‘

This result may be due to Panx3
functioning as a hemichannel, releasing ATP
to the extracellular space, ‘and thus
decreasing the intracellular cAMP level. To

. examine the hemichannel activity of Panx3,

pEF1- and Panx3-transfected ATDCS cells
were treated with PTH, then the release of
ATP into the culture medium was measured
(Fig. 7B). Panx3-transfected cells exhibited
an elevated ATP release that reached a
maximum level at 2 min, and then gradually
decreased with time. A similar release was
not observed in control pEF1-transfected
cells. In the presence of a high concentration

‘of potassium glutamate (KGlu), which

depolarizes the cell membrane, ATP was
released from Panx3-transfected ATDCS5
cells - (Fig. 7B). A function-blocking
antibody specific to the extracellular domain

of Panx3 inhibited this ATP efflux (Fig. 7C).

This antibody inhibition was blocked by the
Panx3 peptide, which was used to raise the

Panx3 antibody as an antigen in a dose-

dependent manner, whereas its scrambled
peptide and control IgG did not affect the
antibody inhibition. These results suggest
that the Panx3 hemichannel is one of the
major ATP release channels.

Panx3  inhibits PTH-induced CREB
phosphorylation— We next examined the
activation of CREB, which is a downstream
molecule of the PTH/PTHrP-cAMP-PKA
pathway in chondrocytes (10,29). CREB

reached its maximum phosphorylation level

at 30 min after PTH treatment in-the control
pEF1-transfected ATDCS5 cells. In Panx3-
transfected cells, CREB phosphorylation
was significantly reduced (Fig. 8A). The
reduced CREB phosphorylation in Panx3-
transfected cells was blocked by anti-Panx3
antibody, but not by IgG (Fig. 8B). Taken
together, these results suggest that Panx3
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inhibits PTH/PTHrP-cAMP-PKA signaling
~in ATDCS cells.

DISCUSSION

In this study, we utilized a bioinformatics
approach to search for a gap. Junctron protein
involved  in cartilage development ‘We
found that Panx3 mRNA was preferentially
expressed in a transitional stage between
proliferative chondrocytes and termmally

differentiated hypertrophic chondrocytes in -

developing growth plates This suggests that
Panx3 plays a role in the switch from
proliferation to differentiation in these
chondrocytes.” To assess Panx3 action in
chondrocyte differentiation, we used a
chondrogenic cell lines ATDC5 and N1511,
which can be induced to differentiate into
[chondrocyte phenotypes. Panx3 mRNA
expression  was induced during

differentiation ATDCS5 and N1511 cells (Fig.

2). We demonstrated that the expression of
Panx3 promoted differentiation of ATDCS5
and N1511 cells (Flg 4). In contrast, the
inhibition of endogenous Panx3 _expression

through Panx3 shRNA and siRNA reduced
differentiation of these cells and primary
: chondrocytes (Frg 5 and data not shown) '

These results suggest that Panx3 regulates
chondrogenlc cell differentiation.

- PTH/PTHrP  functions to keepi
chondrocytes prolrferatrng and to delay

hypertrophic chondrocyte differentiation.

Both PTHrP-deficient mice and PTH/PTHIP
receptor-deficient mice have similar growth S
plate abnormalities—reduced - numbers  of

‘chondrocytes and premature hypertrophrc -

differentiation—indicating  that - - PTH:P
signals pr1mar1ly through the PTH/PTHrP
receptor in the growth plate (3,5). We found

that PTH increased proliferation of ATDC5

cells in culture, but this PTH activity was
reduced in -Panx3-transfected ATDCS5 cells
(Fig. 6). There was no significant difference

in cell proliferation activity between

untransfected ~ and ~ Panx3-transfected
ATDCS5 cells in the absence of PTH,
mdrcatmg that the mhlbrtory activity of
Panx3 for cell proliferation is dependent on
PTH. The interaction of PTH/PTHrP with
the PTH/PTHIP receptor (PPR) promotes
the activation of multiple heteromeric G
proteins, including G,, which can activate

adenylyl cyclase (AC), and Gg, which can
activate phospholipase C/protein kinase C
(PLC/PKC), and G,, whose action occurs

~ opposite the G, pathway (30,31). The PTH-
“induced activation of G, leads to the cascade

activation of downstream  molecules,

- specifically the activation of AC, an increase

in cAMP levels, the activation of PKA, and

~the phosphorylation of CREB. The

activation of CREB induces the expression
of genes required for cell proliferation (Fig.
9).

We found that Panx3 expression in
ATDCS5 cells promoted ATP release from
the cytoplasm to the extracellular space, and
this ATP release was inhibited by a

-function-blocking  anti-Panx3  antibody,

suggesting that Panx3 plays a specific role
in the release of ATP (Fig. 7B, C). The

“activity of Panx3 as a hemichannel for ATP

release = would  explain - ‘thek reduced
intracellular cAMP levels in Panx3-
expressmg ATDCS cells treated with PTH,

since ATP is converted to cAMP by AC (32).
Thus it is conceivable that Panx3-promoted

ATP release to the extracellular space results
in- the reductlon of mtracellular cAMP,

: leadmg to the mhrbmon of PTH-induced cell
;prollferatron Panx3 actxvrty in ATDCS5 cells

as an ATP- release channel is consistent with

 recent reports that Panxl can form a

hemrchannel for stress-sensitive  ATP

,, 'permeablhty in oocytes and erythrocytes
. (19 33).

TP secreted into the perrcellular
nt ‘faffects a variety of cellular
Recently, upregulatron of Panx]
been reported in  macrophages

| ‘stlmulated by endotoxin lipopolysaccharide.

This  treatment mediates  large-pore
formatlon of the ATP-gated P2X:Rs
receptor, whlch Ieads to interleukin-1 release
from the activated macrophage (34). The

, mteractron of ATP with P2 receptors

reportedly mcreases the - concentration of
intracellular Ca in chondrocytes through G,
(35). ATP released into the extracellular
space through Panx3 hemrchannels at the
early differentiation stage may re-enter the
cytoplasm through purinergic receptors such

as P2Y and P2X and promote differentiation.

It is also possrble that Panx3 may function
as a Ca’" channel in the ER and increase
intracellular ’Ca2+ levels for chondrocyte
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maturation. ‘

Although  Panx3 mRNA is
expressed strongly by prehypertrophic
chondrocytes, the Panx3 protein is found in
‘both prehypertrophic and hypertrophic
chondrocytes (Fig. 1). We did not detect
Panx1 or Panx2 in developing growth plates
with in situ hybridization (data not shown).
Panx1, but not Panx2, was expressed very
weakly in ATDCS cells, but was not induced

" during ATDCS cell differentiation (data not

shown). Connexin 43 is expressed in

condensing mesenchymal -cells in the
primordial cartilage, and also in articular
chondrocytes and osteoblasts. Connexin 43
has been shown to form functional gap
junctions capable of sustammg the
propagation of intercellular Ca®" waves in
articular chondrocyte culture (36) and to
regulate BMP-2-mediated chondrogenic
differentiation in  chick = mesenchyme
micromass culture (37). Many mutations in
the connexin 43 gene have been identified in

association with oculodentodigital dysplasia’

(38,39), which is characterized by
syndactyly of the hands and feet, hypoplasia
of the middle phalanges, and abnormal
craniofacial elements. However, connexin-
deficient mice do not exhibit any of the

gross  abnormalities of  chondrocyte

differentiation, but they do  have

H. (2005) Endocrmology 146 2171-2175

mineralization defects (40). Immunostaining
of developing growth plates revealed that
connexin 43 was not expressed in
prehypertrophic and hypertrophic
chondrocytes, but it was expressed in
osteoblasts (data not shown). These

connexin 43 expression patterns are

consistent with the skeletal phenotype of
connexin43-deficient mice. Thus, Panx3 is
likely the major gap junction protein in
cartilage.

In conclusion, we demonstrated that
Panx3 is  uniquely expressed in
prehypertrophic and hypertrophic
chondrocytes and that it promotes the
chondrogenic differentiation of ATDCS5
cells, at least in part through its hemichannel
activity.- Panx3  inhibits PTH-induced
ATDCS5 cell proliferation and mediates
intracellular ©~ ATP - release into  the
extracellular space, which in turn leads to a
reduction in cAMP/PKA signaling, resulting
in decreased proliferation and increased
differentiation. Our findings suggest that
Panx3 is a regulator of the switching
mechanism behind the transition of
chondrocytes from a proliferative state to a
postmitotic state and that it is required for
chondrocyte differentiation.
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FIGURE LEGENDS

Figure 1. Expression of Panx3 in E16.5 growth plates. (A) In situ hybridization. Panx3 mRNA
was expressed in prehypertrophic chondrocytes, perichondrium, and osteoblasts. Antisense Panx3
(a); Sense Panx3 (b); Ihh (c); Col2al (d); CollOal (e); Histlh4c (f). (B) Immunostaining with
anti-Panx3 antibody (red) and Hoechst nuclear staining (blue). Magnified view of the areas (a)
marked by the square in (b).

Figure 2. Expression of Panx3 in differentiating ATDCS and N1511 cells. (A) mRNA
expression in differentiating ATDCS5 cells. ATDCS5 cells were cultured with 10 pg/ml of insulin.
Total RNA was extracted from cells on the indicated days after insulin treatment and analyzed
with Real-time RT-PCR. In differentiating ATDCS cells, Panx3, Col2al, and Coll0al were
strongly induced. GAPDH, glyceraldehyde-3-phosphate dehydrogenase, was used as a control.
(B) mRNA expression in differentiating N1511 cells. N1511 cells were cultured with 1uM insulin,
100 ng/ml rthBMP-2 and 50pg/ml ascorbic acid for differentiation. Panx3 was also progressively
induced in differentiating N1511 cells. HPRT, hypoxanthine phophoribosyltransferase, was used
as a control. (C) Expression of Panx3 protein in undifferentiated (lane 1) and differentiated
ATDCS cells (lane 2). ATDC5 cells were treated with or without insulin for 20 days and cell
extracts were analyzed by Western blotting using Panx3 antibody. Panx3 protein was induced in
differentiated ATDCS5 cells. (D) Immunostaining with anti-Panx3 antibody (red), endoplasmic
reticulum (ER) maker (green), Calnexin, and Hoechst nuclear staining (blue). In differentiating
ATDCS cells, endogenous Panx3 was observed in the cell membrane, cell processes and ER (d, e,
and f), but not in undifferentiated cells (a and c).

Figure 3. Panx3 expression in Panx3-transfected ATDCS cells. ATDCS cells were stably
transfected with the control empty vector (pEF1) or the Panx3 expression vector (pEF1/Panx3).
(A) Expression of Panx3 mRNA and protein. Pooled transfectants were analyzed by (a) RT-PCR
and (b) Western blotting using anti-Panx3 and -V35 antibodies. (B) Immunostaining of Panx3-
transfected ATDCS cells using anti-Panx3 (red) and -V5 (blue) antibodies. Fluorescent confocal
images showed that the staining signals of Panx3 and V5 antibodies were co-localized in the cell
membrane, cell-cell junction, and organelles. No staining of either Panx3 or V5 antibodies was
observed in control pEF1-transfected ATDCS5 cells. (C) Co-localization of Panx3-GFP and ER-
Tracker Red. ATDCS5 cells were transiently transfected with Panx3-pcDNA-GFP or pcDNA3.1-
GFP-TOPO (control) for 2 days. Panx3-GFP was co-localized with ER-Tracker Red, indicating
the presence of Panx3 in ER.

Figure 4. Panx3 promotes chondrogenic differentiation of ATDCS and N1511 cells. (A)
Differentiation of ATDC 5 cells. Pooled ATDCS cells stably transfected with either control pEF1
or pEF1/Panx3 were cultured with 10 pg/ml of insulin. Total RNA was extracted at 8 days and 16
days after insulin treatment and analyzed by real-time RT-PCR. The expression of chondrogenic
marker genes for Col2al, Agcl, and Coll0al was stimulated in Panx3-transfected ATDCS cells

12

0102 ‘0z Aep uo ‘nmyebie( exyiysey; 0440 1e Bio-ogl-mmm wioly pepeunoq



compared with that in control cells. The. expression level of an individual gene in control pEF1-
transfected cells was set as 1.0 and compared it with the level of each gene in Panx3-transfected
cells for each day 8 and day 18. The exogenous Panx3 levels were the same but endogenous
Panx3 levels were strongly increased from day 8 to day 16. As results, the ratio at day 16 was less
than that in day 8. (B) Alcian blue staining of ATDCS5 cells. After 16 days of culture, Alcian blue
staining was performed A1c1an blue staining was increased in Panx3-transfected ATDCS cells
compared to that in pEFl transfected ATDCS5 cells. Scale bar, 200 um. (C) Differentiation of
N1511 cells. N1511 cells were transfected with either control pEF1 or pEF1/Panx3, were cultured
with 1uM lnsuhn 100 ng/ml rhBMP-2 and 50pg/ml ascorbic acid for 3 days and 4 days. Similar
to the results of ATDCS cells, chondrogemc maker genes expression was stimulated by Panx3.

Statistical analysrs was performed using analysrs of variance (*P<0. 01)

,Flgure 5. Inhxbltlon of ATDCS cell dlfferentlatlon by Panx3 shRINA. Pooled ATDCS cells
stably transfected with either control vector (Mock) or Panx3 shRNA vector were cultured with
10 pg/ml insulin. (A) Reduced expression of endogenous Panx3. Total RNA and protein were
prepared from cells after 8 days of culture and analyzed through (a) RT-PCR and (b) Western
blotting using anti-Panx3 antibody. Panx3 expression was reduced in Panx3 shRNA-transfected
~ ATDCS cells. (B) Reduced expression of chondrogemc marker genes. Total RNA was prepared
- from cells after 8 days of culture and analyzed by real-time RT-PCR. Expression of Col2al, Agcl,
and Coll0al was reduced in Panx3 shRNA- transfected ATDCS cells. (C) Alcian blue staining.
After 16 days of culture, Alcian blue stammg was performed Alcian blue staining was reduced in
Panx3 shRNA-transfected cells. Scale bar, 200 pm. Statrstlcal analysis was performed using
analysis of variance (*P<0.01). (D) Reduced expression of Col2al and Coll0al by Panx3
siRNA in ATDCS cells. ATDCS cells transfected with control siRNA, Panx3 siRNA-1 or
Panx3 siRNA-2, were cultured with 100 ng/ml BMP-2 for 8 days. Expressions of Panx3,
Col2al and Coli0al were analyzed by real time PCR methods. Expression of Col2al and
Col10al was reduced in Panx3 siRNA-transfected ATDCS cells. (E) Reduced expression
of Coll0al but not Col2al by Panx3 siRNA in primary chondrocytes. Primary
chondrocytes transfected with control siRNA, Panx3 siRNA-1 or Panx3 siRNA-2, were
cultured with 100 ng/ml BMP-2 for 2 days. Expressmn of Panx3, Col2al and CollOal
were analyzed by real time PCR methods. Expression of Panx3 and Coll0al, but not
Col2al, was reduced in Panx3 siRNA-transfected primary chondrocytes Statistical
'analy51s was performed using analys1s of variance (*P<0 01)

Figure 6. Inhlbmon of PTH-promoted cell proliferation by Panx3. (A) The Panx3- and pEF1-
transfected cells were incubated in the presence of various amounts of PTH. Cell numbers were
counted after 3 days of culture. The number of Panx3-transfected cells was reduced compared
with the control cells. (B) Panx3 antibody, but not IgG, restored PTH-promoted cell proliferation
in Panx3-transfected cells. Statistical analysis was performed using analysis of variance
(**P<0.02, *P<0.01).

Figure 7. Reduced cAMP levels and increased ATP efflux in Panx3-transfected ATDCS cells.
(A) Intracellular cAMP level. Panx3- and pEF1-transfected ATDCS cells were cultured with 10
ug/ml of insulin for 1 week. The cells were incubated with anti-Panx3, IgG or without them for
30 min, and then exposed to PTH at 100 nM for 10 min and analyzed the intracellular cAMP
levels. PTH promoted the intracellular cAMP level in control pEF 1-transfected cells, whereas this
PTH effect was reduced in Panx3-transfected cells. This reduction was blocked by anti-Panx3
antibody but not IgG. (B) Release of ATP. Cells were plated at ~50% confluency in the absence
or presence of potassium (KGlu), and ATP levels in the media were measured. ATP release to the
extracellular space was increased in Panx3-transfected cells. Left panel: time-course of ATP
release after addition of KGlu. Right panel: data at 2 min after addition of KGlu in the right panel
were shown in bar graphs. Statistical analysis was performed using analysis of variance
(*P<0.01). (C) Inhibition of ATP release by Panx3 antibody. Cells were incubated with anti-
Panx3 antibody, Panx3 peptide or IgG for 30 min, and ATP release was measured. The Panx3
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antibody inhibited ATP release in Panx3-transfected cells. This inhibition was blocked by various

concentrations (0.5 to 5.0 ng/mL) of the Panx3 peptide, but not its scrambled peptide (5.0 ng/mL).

Figure 8. Decrease in phosphorylation of CREB by Panx3. (A) Time-course of CREB
phosphorylation. ATDCS cells were cultured with 10 pg/ml of insulin for 1 week and then treated
with PTH (100 nM) for the time indicated. Protein extracts were analyzed by Western blotting
using anti-phospho-CREB and anti-CREB antibodies. In control pEFI-transfected cells, the
phosphorylation of CREB was strongly induced, whereas in Panx3-transfected cells the
phosphorylation levels of CREB were reduced. (B) Restoration of the CREB phosphorylatlon

levels by Panx3 antibody. Cells were preincubated with Panx3 antibody or IgG for 30 min before

the stimulation with 100 nM PTH, and then Western blotting using anti-phospho-CREB and anti-
CREB antibodies were performed. Panx3 antibody inhibited the reduction of the phosphorylation
of CREB in Panx3-transfected cells. Image J 1.33u was used to quantify the protein bands.

Figure 9. Role of Panx3 in chondrogenic differentiation. The PTH/PTHrP receptor activates
multimeric G proteins. The activation of the Gs subunit leads to the activation of adenylyl cyclase
(AC) for cAMP generation from ATP and the subsequent activation of PKA. PKA
phosphorylates CREB, which promotes the expression of genes for cell proliferation. Panx3 is

expressed in prehypertrophic chondrocytes and it promotes the release of ATP into the

extracellular space, which results in a reduction of the intracellular cAMP level and subsequent
inhibition of PKA/CREB signaling for cell proliferation. The PTH/PTHTIP receptor also activates
the G subunit and subsequent downstream signaling, such as PKC, to promote differentiation.
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