International Journal of Oral Biology, Vol. 41, No. 3 September 30 2016, p. 119-123

Copyright (©) 2016, The Korean Academy of Oral Biology
http.//dx.doi.org/10.11620/IJOB.2016.41.3.119
PISSN 1226-7155, eISSN 2287-6618

International
Journal of
Oral Biology

Activation of acetylcholine receptor elicits intracellular Ca?* mobilization,
transient cytotoxicity, and induction of RANKL expression
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Acetylcholine receptors (AChR) including muscarinic and
nicotinic AChR are widely expressed and mediate a variety of
physiological cellular responses in neuronal and non-neuronal
cells. Notably, a functional cholinergic system exists in oral
epithelial cells, and nicotinic AChR (nAChR) mediates
cholinergic anti-inflammatory responses. However, the
pathophysiological roles of AChR in periodontitis are unclear.
Here, we show that activation of AChR elicits increased
cytosolic Ca®* (|Ca®"];), transient cytotoxicity, and induction
of receptor activator of nuclear factor kappa-B ligand
(RANKL) expression. Intracellular Ca’*" mobilization in
human gingival fibroblast-1 (hGF-1) cells was measured
using the fluorescent Ca’" indicator, fura-2/AM. Cytotoxicity
and induction of gene expression were evaluated by
measuring the release of glucose-6-phosphate dehydrogenase
and RT-PCR. Activation of AChR in hGF-1 cells by carbachol
(Cch) induced [Ca®']; increase in a dose-dependent manner.
Treatment with a high concentration of Cch on hGF-1 cells
caused transient cytotoxicity. Notably, treatment of hGF-1
cells with Cch resulted in upregulated RANKL expression.
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The findings may indicate potential roles of AChR in gingival
fibroblast cells in bone remodeling.
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Acetylcholine (Ach) SFAEA 2 A7 A A
gt AFHAGELEA, acetylcholine 5-8-A(AChR)
E Ao RN teFst AlZEAS wistt (1)
AChRi= 7| nicotinic AChR (nAChR)$} muscarinic AChR
(MAChR) 7 THFE oA, F &A= AR E=
=2, 0] ABAEAA Ty = Ao dA Sl 2]
ZulFAIE, X2 keratinocyte 2 AlFroFHZ U] Ach®] FF
A 2 BHE ddehs aAh50] A8, Achd] FH]=
TR AI3E 71 autocrine ! paracrine 2] 0] A5 #g- w7
7S A71EEITE [3,4]. T TAIE 5 keratinocyte
A|ZEe) A 95 nicotinel] 213+ nAChR #/d3h= IL-8 2
& AAE F3 =24 (cholinergic) FHS NS wi7lsH
™ [5], a7 nAChR®] &Ad3= Porphyromonas gingivalis
(P. gingivalis)% lipopolysaccharide®l|] 2]3F 9ATHES-S
Aghe] RE ek [6]. 22t @A A4l FobMlE
AChRE] Bg|g/del tish A7 F3d] o|HAA &
ATt
THd %] 5= (chronic periodontitis)> T3] A& 52
ot QQlof 93| X]F=Z(periodontal tissue) W 5 HES
o] WHstE oz
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defA Qv R ATl ogt B
© A2 BEsE st
E o]oJXIt}, Receptor activator of NF-kB ligand (RANKL)
<& @3k zEA xRN E Ty SEAE AT
—FH TEAEES] 3 fioshs HAIAE Hx
HaEA [7]. :/_Eib} O] % ZA| E(osteocyte), A
Aol & ZZAIE o]9] AlFEoJME RANKLO| #
& = ;/\xq 3 zHﬁﬂH o A= AT 2EH A
o dHA AL JUTH8-10]. 53], A=A FobAE 9 A5
A A7} bisphosphonate S P gingivalis® =E5 S
S ul AJ3Z U] RANKL %! osteoprotegerin (OPG) & 0]
A= Bt glom, o]efdt HiusS X524
AlES0] A xT P APdAow dAdE] e
UERATE [11,12]. & A5Rell4+= AChRS] &4l 2Jst <1
AR A 3E(human gingival fibroblast; hGF-1) W Z&F57}
9} RANKL W57 Uepd oL Qv whebA 2412
W AChRE 1% Whe wi7iERto] obd, Xz A
ZAJMAZA 9] A8 7HsA S AAgTh

r°1'

o ;\] < Eﬂ :%}/d g}
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Al&
=

119..

I RE

1

M=

A Z v gF 2 A oF

hGF-1 A|¥3= ATCC (CRL-2014)014 F3J8lo] Al-g-3}
%19 Dulbecco's Modified Eagle Medium (DMEM) A3
w2l el 10% fetal bovine serum, 100 IU/ml penicillin
4l 100 TU/ml streptomycin 3713+ v =] ol 37C, 5% CO,
M azvfeF7] oA wjeFskItE Carbachol (Cch)  Sigma
Aldrich (MO, USA)°IA -]18to] ARg-313ich

AZ=4 AY

28 a5 4 96 well plateo] hGF-1 A|3¥S F-F31a1(1
x 10%well),ths & 7+ ATl A4 552 Cchs A
gofar ek 2ol wt AlzujekreolA wieksisit). ol
= AAEZ=ALS Vybrant Al2254] 7] E(Vybrant® Cytotoxicity
assay kit, ThermoFisher Scientific, MA, USA)E ©|-&3&}o]
A ZAPA A AA Sz A wef AMEsAds <l
SRtk A Ael &, 2 AE] kA E AHZE wellll
2 %, wiux] Jl EAISHE glucose  6-phosphate
dehydrogenase (G6PD)°] &/J-5 resazurin ©. 2 H-E AJAJ 5]
+ resorufln 3F(530/590 nm, Ex/Em)e ZHEOZH
G6PD 0] &(%) S Alxtstsict

Aﬂﬁ;ﬂ 14% 1- E([Ca%] )Zs.;gl
hGF-1 A|¥EZ 22 x 22 mm 719 AWFetrol B

St H, v E A ARESEiTE Al Felell Fura/
AM (TEFLabs, TX, USA)E 5 uM9] S22 8713t 5 4)
FojeRlolA 1130 b ersiinh, sher o, AN 2
ZAs &8 AF W (chamber)©ll T?LE]O*U]-. HEPES
buffer (mmole/l, 10 HEPES, 140 NaCl, 5 KCI, 1 MgCl,,
1CaCl,, and 10 glucose, pH7.4, 310 mOsm)E A3 A&
Aow HFAFeEM I Fura2s AoUil, AEE
FF sl A7l F [Ca¥' 5782 Al&SISIT Al 141 Z+ol
29 F%i= 340380 nm dual wavelengths ©]&3H
excitation?} “1ZH-E WE¥ FFS 510 nme] FHE o]
310 431t ZF A= Ratio (Fa/Fago) 302 HA]
w3ek 2t Aedo] ARg-® Cch-> HEPES bufferdl] 345
o] ZAE AIZE Bt A= ek

RT—-PCR ¥ PCR

6 well plate®]] = ¥ hGF-1 Al3°f Cch (1 mM)= *
g3t H, Asiz /\]7} Zol wjeksteit vk & 7+ 7L_4
A EEZHE mRNAE Trizols ©]83t] =381tk +5
H mRNA (1 pg)=5E cDNAZ FAslglon zF =9
cDNAZ -] primer (IL-6 forward 5'-GAG GCA CTG GCA
GAA AAC AA-3', reverse 5-TTG GGT CAG GGG TGG
TTA TT-3'; RANKL forward 5-GTA CCA TGA TCG GGG
TTG GG-3', reverse 5'-CGG ATC CAG TAA GGA GGG
GT-3'; GAPDH forward 5'-AGG GCT GCT TTT AAC TCT
GGT-3, reverse 5-CCC CAC TTG ATT TIG GAG
GGA-3'; OPG forward 5-TCA AGC AGG AGT GCA ATC
G-3', reverse 5-AGA ATG CCT CCT CAC ACA GG-3)&
o] g-3sto] fFHA W] AEE gt o
2 GAPDH (house-keeping gene)s A3t

AT oA AA

iz Ao BAISH 243 ZAlel= SPSS 14
(SPSS Inc., IL, USA)= AH&-3k3lch SAIsHA] #2144 A
& 13l one-way ANOVAE A A|8F3] 01, Tukey’s post
hoe test®® AFF-HA S AASRlT SAA FoAd el BE
%)\—vo_ P<0.05% )\—17<-] ]_O:]];]_ 7E @jl]_‘_:: E%Q 3 o]/\]-ﬂ
APEEFE dolgon, Bt + SDE FAE Tk

2 1

Cch A= A =0 w}a hGF—1 AlZ 4] [Ca®*'];:Z7)
ME W Zgol2S torst AelEAd S sk oAk

A5 A2 (second messenger)i’\ﬂ nAChR % mAChR]

93 [CaF7HE sk oz Z deA Qlt
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Figure 1. [Ca®]; increase in hGF-1 cells responding to Cch. Cells plated on coverglass were treated with 1, 10, 100, and 1000 1M of
Cch, respectively. Intracellular Ca** mobilization in hGF-1 cells was then monitored using Fura-2/AM Ca?" indicator. Columns on the
right are the averages of ratio (Fs4/F3g0) of Ca* peak. ** denotes p<0.05 compared to 1 uM Cch treated samples.

[13]. ASAE Ul AchRe] AR BYE dolny] 919
hGF-1 Aol Cchg A sl A2 U 2ol &
T3S 5743 TE CehS muscarinic AChR 2! nicotinic
AChRE EF 243t A7l ZdA 287 (cholinergic
agonist) 24|, X|SAE U AChR B4 37} [Ca®'E7HE

EEHeA, 223 A Al wEt [ F P &
Ay =245 glsta 1 pMFH 1 mM §%9] CehE
hGF-1 Aol Agfapgich. A4, 1 pM Cch A=)
deis AE ) [cE bt B ekskont, 1o,
100, 1000 uM2] Cch A}=rof| whe} ©]/d/d (biphagic) 32
8t [Ca* %5 7H0.374£0.012, 0.534+0.029, 0.6760.041,
0.874+0.04)7} 2= SIT} (Figure 1).

&% Cch A=l & hGF-1 Al Z A ZF4 &<l

IJ Ul Aol oA S EAtE theker AR e
8 fricshs W, algiee] A& A5l o [Ca”
57k mEZELol B ER V1ol B AR
e wds FRIECEN AEsds dehdo
[14,15]. hGF-1 A% 11°§ % Cch Aol 23 [Ca®');
=717t HIJE** = rEshsA #Rls] flste] A2
G6PDO| H] JE=E %— d3t3Ach hGF-1 Aol 1 mM 5
59 Ceh= A3kl Figure 20 JAIE AIRIEE F7)
sttt AlESAL v} wlaste] Ceh A2 &
102, 30, 1413kl 2.06+021, 1.93+0.14, 1.78+0.15H]=
T7FFA oL, 3AIE AfelE HolA] of akCh(Figure
2). ©li=, AEE Ceh Ab=rell 2k A=) oF 341
O FHE, A=AIZE EAEARE et AR Al
(A2Ah A ofsl 231= 5 Qla= et

0

I E Cch Aol &3 hGF-1 AZ W  AFA &
d A d
RANKL ¥ OPG= F=A28 #3t5 st Al
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N
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Figure 2. The effects of Cch on cytotoxicity of hGF-1 cells.
Cells plated in 96 well plate were treated with 1 mM Cch for
indicated time. Following the incubation, only culture media
was collected and used for measuring the G6PD activity.
Percent of G6PD release from total GOPD was calculated and
presented in fold change by comparing with control (vehicle
treated). ** denotes p<0.05 compared to control.

b=z, A
Z A A Qo) T3 VER IS A
8], ? 2| A o 4] RANKLY OPG2] 3l 5]
AR } fﬂﬂl%ﬂl upet X z2E AP 24
A F AF= Cch®l hGF-1
Aﬂﬁ X} % E LH [Ca2+ o7k A8k ZAIRE A=
Al AEZAFREG 0] obd o AYE S FE8e UE
it} o] 5 &Qlslr] $8) hGF-1 Al¥o] 15 E2] Cchs
AlZHE A Elstal RT-PCREHS 5@l RANKL, OPG, IL-6
U s RIStk A¥4d ), OPGe} IL-69] 2
o= st B A 49k o, Ceh A4 $- 3AI17E ©]
S8 hGF-1 A3 Ul RANKL '#do] F7hgo] &Rl
SATHFigure 3).
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Figure 3. The effects of Cch on RANKL, OPG, and IL-6 expression. Cells were treated with 1 mM Cch and incubated as indicated.
Total mMRNA was isolated using Trizol and 1 ug of mRNA was used for synthesizing cDNA. Using each primer, RANKL, OPG, and
IL-6 expression were evaluated. GAPDH was used as loading control. Column on the right presents relative gene expression
compared to each control (vehicle treated). ** denotes p<0.05 compared to control.

L~

AAMEE =3, 1] ABAE Yel=
(cholinergic system)©] <=3}, Ach®] paracrine Fi
AE 74 ;‘Gﬁ%i AChR &7 Wi/l &
=3k tpokel N XSS F 5 3 [4]. 53], A A

Z U nAChR] 42 TNF-q, IL-1, IL-6 529 |54 »
o=l WS uigo A 7 vl B el
= A0z HuH (6] TSI AL Ul AChR B2
T2 cAMP Al 28t AT gy o] F2 deA Q)
O}, Q)% allergen 2 arecoline AF=rof W 7T A
XA HIES SIAE | (G B B
AT AD7IAE9 B 7hsAde AAskaL altiie, 17].
Figure 1°] ZA¥}= AChR AF=HA|Ql Cch?] size mef
[Ca’ a7t ol st 283 d5S vehle
Ang, 524 U ARAE e 772 Y
W, H)E Acho] TR AIE Y] [Ca¥ ) ThE wivlE o
Az & A3l ege A g& Cehel] <)

d (S PR B8 B4 (0813 5
Cch-J EA el et A7 A [Ca™] #vﬂ}ﬂ e
3tch= Aotk HFAARES] A, AEA o1 73t Af
Ze A% a'e) 431 ASANLER AESHE 1)
Asha Asdow 34 ARRe HL AT (18]
hGF-1 Al o] 919} 22 W2 8% Ceh AHol o
Sk A3 5Ado] opd TheFSt el A2

Al gtk g2, 1522 Ceh A2 & ARt &
F MEFADS Feshs X B Ceh A4 14]3F ©]

%%/‘é ;\] S Eﬂ

autocrine 2] 2

o
o
=2
N
o
X,
X

A

FE A EESA] 0] é.‘} ﬂi}ﬂ—e Zlo] FRlE|Gl=t, o
= Ach A=l 98k [Ca* 57 AESA 819 e A
IS et 7 W = EW St W ERINATE= A
2, A2AE ZF Acholl &3t s akgo] AF2A A
el e sk Qas A stk
2724 Ul THATel o3t A9AE JAFES AFx
A BEAE BREsE EH%‘} WA o7 = !
Alof A7 o]ojzIty. RANKL 9 OPG, IL-6= =A%
29 3 AeE 2-sh= 63*‘0 }~EH xl 7S] Al
) e Ey gekdt Rz w2 X2 APA el
Hofxo] gt} [19]. 53], RANKLY} OPG 7&4 e n] &
(RANKL/OPG ratio)> A 3w E A3 A
A E2A bisphosphonate 9 P. gingivalis 52 ATT73¢
T A ol o] A& RANKL/OPG RSS2 E8kaL 9l
ol Ba® whk ok [12] ¥ A7E3}, Cehell o
hGF-14122 ] [Ca™']; 7}~ $4 Al 1A= & RANKL %
kS Z7kA17] 2 OPG W IL-62] Haofj= kS n)=
2] go] ERIE Q=) o] AChR E/dof m 2157
o] OPG % IL-6 T3 7| d 3} S5 2l A@71 el 23|
ZH9E FAIskaL Utk HESE RANKL ' F7te] uhet
RANKL/OPG 'H@n|&o] F71gto] gRIE =], ©]+=,
Achs 38 AE 7F 4at Az AP 397
ARACE <A@y S YTty 2 AFAT=
hGF-1 A3 W] AChRS] &2 AlE U [Ca 57 2 o
AA A S éé =8k, RANKL 344+ &S 571
A7lE A ERINATAL FHEo=E, 9 A9e2
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