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We investigated the effect of nicotine on human growth plate chondrocytes, a
major component of enchondral ossification. The chondrocytes were derived from extra human fingers.
Both human and murine growth plate chondrocytes expressed alpha7 nicotinic acetylcholine receptor
(nAChR), which congtitutes functional homopentameric receptors. Nicotine inhibited matrix synthesis
and hypertrophic differentiation in human growth plate chondrocytes in suspenson culture in a
concentration-dependent manner. Methyllycaconitine (MLA), a specific antagonist of alpha7 nAChR,
reversed the inhibition of matrix synthesis and functiona calcium influx by nicotine in human growth
plate chondrocytes in vitro. In vivo, materna nicotine exposure resulted in delayed skeletal growth of
apha7 nAChR +/+ fetuses but not in alpha7 nAChR -/- fetuses, implying that skeletal growth
retardation by nicotine is specifically mediated via fetal alpha7 nAChR. These results suggest that
nicotine, from cigarette smoking, acts directly on growth plate chondrocytes to decrease matrix
synthesis, suppress hypertrophic differentiation, and consequently to delay enchondra ossification via
alpha7 nAChR, leading to delayed skeletal growth and delayed fracture repair or non-union.

2009 1, 900, 000 570, 000 2,470, 000
2010 900, 000 270, 000 1,170, 000
2011 700, 000 210, 000 910, 000

3, 500, 000 1, 050, 000 4, 550, 000




(1)

nAChRe

I sogen N ppon gene R\A

nAChRc west er n bl ot
west ern bl ot R\NA
PCR o 7 nAChRe subuni t
(2) 3
in
vitro
3
3
3 4
4
(Acian

blue safranin-O )

(3)

0. 5nM

(cal ci um
i nflux assay)

ant agoni st

o -bungar ot oxi ne (Conpetitive
ant agoni st)

Mecanyl ani ne (nonsel ecti ve nAChR
ant agoni st)

invivo
(4 de novo
(G7BL6J )
2
de novo
15
Fenur Lengt h;
FL Hypert r ophi ¢ Lengt h of
the Femur; H.
H/ R
(5 a 7 nAChRe(-/-) invivo
a.o 7 nAChRe(-/-)
a -/-
a7
b. a 7 nAChRe(-/-) in
Vi VO
o 7 nAChRe(-/-)
a7 nAhRe  + -
genot ype
a7
nAChR in vivo



88, H6 8
2006- 013
(1
(
) west er n bl ot
RNA PR a7
NAChRC subuni t

2 o 7nAChRc

al cin bl ue

RTPCR
M C Yub38RT(-)

-
 ——
-
{ ——
4
o 7nAChRe niR\A (RT-PAR
(2)
al ci an bl ue natrix
Gllagen type X @l X A kaline
Phosphat ase (ALP

5-A Agarose gel
(alcial blue)



Yub668c agarose gel culture with ASC 3W
ALB positive matrix

5388

colony number
(colonies/area)

0 25 50 100 500
nicotine concentration (ng/mi)
5-B Agarose gel
(colony )

EtOH

6 A ginate beads

(Al cian blue)

alginate beads 5 {11% 3 (safranin-O )

7 Aginate beads
(Safranin-Q
(3) 0.5nM

( 89

Calcium influx assay
Fluo-4 NW Calcium Assay Kits, Molecular Probes™

Nicotine

ELh 60sec 120sec 360sec

8 0.5nM

nicotine 0.5mM

40
35 S
LERS
+ s,
30— - e

Z . 5
2 3
E 25 %5
= + 0
b= 20 *s
] *,
a i
2 LE} %%,
K oS
Lo 10 = v

5 i T8

5 . '00.000000."‘.

. .
0
-50 0 50 100 150 200 250 300 350 400
time after stimulation (sec)

antagoni st ;a
- bungar ot oxi ne (Conpetitive ant agoni st)
Mecany! ani ne (nonsel ective nAChR
ant agoni st)
( 10, 11)

nicotine + a-bungarotoxin (competitive antagonist, IC50=0.005uM)

pr—re— estra o

e

10 a
ant agoni st)

-bungarotoxi ne  (Conpetitive



nicotine + mecamylamine (nonselective nNAChR antagonist, allosteric modulator)

11 Mecanyl anine (nonsel ective nAR
ant agoni st)

(4)
2 de
novo
( 12
15
Fenur
Length; FL Hypert rophi ¢

Length of the Femur; H.

HJ/FL

A B 221 P<0.02
Bo| L
= 1
Lg|
e ©) )
C g& J;'P<l).05
= L
) ) * ¢) )
Maternal nicotine exposure Maternal nicotine exposure
12
A () ()
B Fenur Length; FL
C Hypert rophi ¢ Lengt h of the
Fenur; H

ni cotini ¢ acetyl chol i ne

a ni coti ni c acetyl chol i ne
nAchRe
al cian
bl ue al kal i ne
phosphat ase type X col I gen

a7

subunit 5 nAChRe

(3)

(cal ci uminflux assay)

in vivo
(4)
o 7 subuni t
(5)
o 7 nAhRe(-/-) in vivo
(5)
o 7 nAChR
a7
nAChR
0
( )
1

(1) Kanakita A Sato K, | kegam H Takayana
S lhezana A Toyana Y. Ncotine acts on
grow h plate chondrocytes to del ay

skel etal growh through the al pha7
neuronal ni cotini ¢ acetyl chol i ne receptor.
55th Annual Meeting of the Othopaedic
Research Soci ety: Poster presentation
(2010. 2. 22-25, Las \egas, USA)

0



(1)

(2)

SATO KAZLK

60235322

SAl TO KENTA

90383893




