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[ Abstract ] Background and objective Studies have shown that muscarinic receptors 3 (M3R) plays key roles in
regulating tumorigenesis and tumor growth. The aim of this study is to investigate the expression of M3R in human small cell
lung cancer (SCLC) cell line SBC3 and to explore the effect of M3R antagonist on cell proliferation, apoptosis and adhesion.
Methods SBC3 cells were cultured in vitro. RT-PCR and Western blot were used to detect the expression of M3R in SBC-3.
MTT assay and flow cytometry were used to determine the effects of M3R antagonist 4-diphenylacetoxy-N-methylpiperidine
methiodide (4-DAMP) on the proliferation and apoptosis of SBC-3 cells. Flow cytometry was used to detect the integrin ex-
pression in SBC3 and alteration of integrin expression after treating the cells with cholinergic receptor agonist acetylcholine
iodide (acetylcholine iodide, Ach) and 4-DAMP. Fibronectin (Fn) coated 96-well plates were used to detect the effect of Ach,
4-DAMP and anti-integrin antibody on cell adhesion. Results M3R was expressed in SBC3 cells. 4-DAMP significantly in-
hibited SBC3 cells proliferation in a dose-dependent manner. 4-DAMP promoted cell apoptosis at a concentration of 10* M
of 4-DAMP compared with control. avf1 and a5p1 integrin were expressed in SBC3 cells. 10* M Ach stimulated cell adhesion
toward Fn significantly (P<0.01). This effect was completely abrogated by 10° M 4-DAMP, 5 pg/mL anti-B1 integrin antibody
or anti-av and anti-a$ integrin antibodies (P<0.01) and partially abrogated by S pg/mL anti-av or anti-a$ integrin antibody
(P<0.05). But Ach and 4-DAMP did not alter Fn receptor (avf1 or aSB1 integrin) expression. Conclusion M3R is expressed
in SBC3 cell. The M3R antagonist inhibits SBC3 cell proliferation, adhesion and enhances cell apoptosis. M3R antagonist in-
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hibiting SBC3 cell adhesion is presumably modulated by functional alteration of 1 containing integrins (avf1 and aSp1), but

not by any variation in their expression.

[ Keywords ] Muscarinic receptor 3; Lung neoplasms; Cell proliferation; Cell apoptosis; Cell adhesion
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A M3RIEHTRITESCLC S AT 5 TR S g AK A
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1.1 MR 40iEtk: ASCLCHfikESBC3I [ H 4<JCRB
MMEZE, 7). RPMI-1640853E 4 ( Hyclone ) ; G4
1% ( Gibco ) ; Trizol (Invitrogen) ; First Strand cDNA
Synthesis kit ( Thermo ) ; 4% FHEBULA & (YL )

Bradford# (AWM E XA & (HaK) 3 BIILAMIRE
SERET (Abcam) 5 -actinfiFCREIT (CST) 5 HUARM
Wit Fb YRR IC It (CST ) 5 dgsefk vkt (ECL)

R F] ( Thermo ) ; M3R#HLH|4-DAMP ( Sigma ) ; il
BR-HHEN-B (ITS) (Gibeo) ; YT REfEZ M
(MTT) (Sigma) ; Annexin-FITC/PLIETZi5& (I
) 5 Bt Aav, a2, aS, a6, BUMIB3EES 3 ML BT
( ChemiconAH] ) ; HLFIgGHIRMIOLR (FITC)

Friclidt ( Chemicon/A®] ) ; Propidium iodide ( PI)

(SigmaZAwl ) 5 NLF4ELHHEMA (Fn) (Rochel
A s FITEAEL (BSA) (Sigmaiial) 5 BRI
AL R AEB, (acetylcholine iodide, Ach ) ( Wako
N o

1.2 4UffutE3% SBC3NfILE F+ T 5 10%FBS, 1% 5F5F 2
IRA W AIRPMI- 164035 75 1, #7137 °C. S%CO, 157746
E BB

1.3 RT-PCREZIIIM3R mRNAF A 4 Tirzolis\ 5] &5 I 45
FRIAN S RNA,  FiDnase 1225 ELRNA A AL F A B R 2H
DNA, Z: 30 s 5 i) 1 B 52 il DNARY &5 1, il
13-y AT PCREC . . 5149 ( B#EAET) R . B-actin

219 b s’ -AGAAAATCTGGCACCACACC-3’, B-acting|
YIRS -AGGAAGGAA GGCTGGAAGAG-3; M3RE|¥) I
it~ TGGAACAACAATGATGCT GC-3’, M3RB|¥ it
$-CCTTTTCCGCTTAGTGATCTG-3", # #4%4tk: FilAsik
94°C3min, 94°C30s, 60°C30s, 72°C45st30EIR,

I¢J572°C 7 min, PCRIHIAT1%BUEMEBEREHLTK, AN
HEAH

1.4 Western blotkiiliM3REE 15635 #%48 HHEHGAH &
VLR PRI 1 . ARSI A VR B 5 . iR
PG, HAEA100 ugfTSDS-PAGEHLIK, J5HLFLFE ENCIE
Fo SRR TBSTE AL h, PEMEL, J5hnfedhi AM3R
Z T (1:500 ) St A\p-actin T (1:1,000 ) = FH
Lh, J54°Citk, &kl h, BEBUS IIAHRPARICHITR
4 (1:1,500 ) ZFIEMEF 1 h, MECLEA|, WEBLE
s,

1.5 MTTERG I M3RAE ST T 20 MG 5 0 52 e O 2502k
KA AN, 512,000/ 40 L Fikd Fo6fLA . 2 il
2824 W BEfS 385 BIF, 1% I TSTCILTE K 75 5L W] 204k
—KJangy, 532 OIEH XA &L A100
uL 1%ITS+1%BSARIR;FR3E; @4-DAMPA ; £EfLJINA 100
uL & A ANER E AY4-DAMPRY 1%ITS+1%BSAR: 5, i
4-DAMPZYREE4y 72810 M, 10° M, 10°M, 107 M, 5%
7272 W5 [ BEFLIN10 uL MTT, e84 E4 hia, Fid
3%, fA200 L DMSO, EFERFZ1%10 min, fHZ5 5]
FEATVS R JEAEST0 nmil K A EEFR T 32 ODfE., 1A
25X AL AR A . A= (1-52562H ODAE /Xf REZH
ODfH ) x100%., L)4-DAMPHJ % BN AR bR, ik
R PAEFRAE EOFRLE MBI HTZL 0961 il 2 T Xof i (1
AW B RN RIC o o AL AN [ e 3 24y Ak 3811 240 i
FEAINSANEZAL, BTk E 3,

1.6 Annexin V-FITC/PIji = TG0 S Al 4 i v B
XA I A, 2.0x10° N4l AL R F60 mmEi:FE ML
W, AHZE24 WIWRESS 352 B, IN1%ITSTC ML Ky 77k
[FAAb— K NZy . 431 H Xt 41 f110™" M 4-DAMP4]

B EEFR72 bW B . IR BT EDTAREE 11 B T2
ffL, B0, HIPBSHl& B I B R A I OF T8 fil
B FEA A VR FE K290 1x10°/mL4H . Il A 400 uLif)1x
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Annexin VZ5 G RN BB FAS uL Annexin
V-FITCYL (A A10 uL PLYL (43 f 7 B =L 40 ML { ( BD
/s w)Accuri C6 ) Kiilll, FIBD Accuri C6HR{4#E 70T -
1.7 M3RXT 20 BERG BEE% 52 2 48 L 2 4G 00 S B C 3 41 ffd
BERMERL: WEMMARKARE RLF, 0.05%EDTAIL
SEANML, PBSYRUER 2, VAR ALV JySx10°/mL, 43
HIEL100 uLAN I, AP Nav, a2, aS, a6, BLFIP3
BEREPUK, W10 ug/mL, 4 "CHEH1 h, PBSHE2
i, AHIINADTRIgG FITCHUA, #REEH10 ug/mL, 4°C
Y30 min., 40 AR HIPBSH T 423 /5, 200 uL PBSIK
Fikk, FMRAISMAPL, 410 ug/mL, FACScan™
( Becton-Dickinson, E[E ) /&R ERL. H
W, % B TREAN . AR TS, A0 M
4-DAMP, YEMI30 min)5/MIA10* M Ach, 37°C. 5%CO,[7
BFsa e h, TSR S R av, BLATaSH)
FERTE FRYIENE A TS

PRSP LR SE 56 . PBSR LTI 920 ug/mL Fnfil10
mg/mL BSA% 5|41 #96fL# ( Corning Incorporated, 3
E) , 4°CHCER®K. H52H, PBSHPE3#, FKILIMA
10 mg/mL BSA 100 uL, 37 ‘CH;FRALE L h, FRXHIPBS
W E23 o 0.0S%EDTAWUAE A KRS RAFI AN, 1%ITS
RPMI-1640K% 77 I 8 4 20 A 136 I S B A . 104 o0
641, 10-SM 4-DAMP, S pg/mLHt Nav, Bl aSolavfilas
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A EPUAR AN ARSI, 30 min/F I A 10" M
Ach, 641 HMA10" M Ach, 44N LLSx10°4>/4L45)
BIRNAE T BSAFIEn U Bl U 1996 4L#k , BSARIEnfU i i fL
HI AR ZATAR] 225 40 b B 04 20 43 331 A kg B A2 R B 1 X
B, 37°C. s%COMEFM PR, 2 hE, B IFPBSH
THVEA LA R BEA R ANt . BeE T B R
REF (40015 ) HIZHMIEL, SROFIE TR BT 4 AL
A EBEINS NE AL, Ak s EE 3.,

1.8 Giil# )ik W HSPSS 1L Gt /rbr. SCisids
FAYIE PR ( MeantSD ) ok, 4[] LR FH P RRAS
%, PAP<0.0S 22 5 Gui =4 L.

2.1 M3RTESBC3[{j 315 RT-PCRILIKES RN . LA
BRAE R BAPEXS B, R DL A%, UEBHPCRIK R TCis g4,
AR ) ] WA FEM3R mRNA (432bp ) H AT Y%
ik, Western blotZE SN K 1B 7~ . SBC34H L ] &l H 49
266 kDal M3RET YKL (K1) .

2.2 M3RXSBCIHYFH I M 4-DAMPYE B O o 11 il
SBC3ANMI G FE . SEIE R BIR, WX A AYICh
228uM ([E2) .

2.3 M3RFHEHLAIXSSBCIF T 150 Ky Kl 4-DAMPXf

66 kDa B 1 SBC34HAa#EFRIEM3R, A PT-PCRIEN
M3R mRNAZESBC3HHZKi%, B: Western
blot#:MM3RE B ESBC3HAIRIE,

Fig 1 SBC3 cells expressed M3R. A:
Expression of M3R mRNA in SCLC cell
line SBC3. B: Western blot detected the
protein of M3R in SBC3 cells.

M3R

B-actin 43 kDa

B 2 M3RZEZ{RIEHTI4-DAMPIR BE R B4 H0 ) 40 B 1678,
Fig 2 Muscarinic receptor antagonist 4-DAMP significantly
inhibited SBC3 cells proliferation
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SBC3ZM AP T30 . F AR T Annexin-V-FITC/PIXL
Yeyi A TR . SXFREAIAREE, 10 M 4-DAMPRERS I &}
3G IMSBCIAHMIM T, 1EH X A F AT %R (1.56
+0.11) %, YA IHIHT RN (6.46£1.50) %, %5
AHITEE L (P=0.00S) , XTHRALGIHT- RN (4.43+
0.15) %, ZiWH BTN (16.03+1.27) %, EFAS
THEE L (P<0.001) (B3, Kl4) .
2.4 M3RXFSBC3RIf T 484 ZAESBC3RIL : A
FEAIN T SBC3GN Fav, a2, aS, a6, BLAIR3EEAEN
ik, SBCIMM F R KavFIpIEE SR, MM/ R
RaSHEAFR . XANLRIER, SBC3IM FE K ikavpl,
HUEaspIEL R (E4) .
M3RXFSBC3H L F4E S Fav, BLAIaSFIKATFENA ;
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TR — A6 I £54-DAMP I Ach4b P 32 U SBC34H ity
av, BLFIaSHEAZE LRGN . SBC3NM Fav, Plofasik
B RNFBK Y B RT A kA2 (ES) .
M3RXTSBC34H 2 B i 45 /E . SBC34H i JL-F-
ANBERG BT FBSA 96 LA, (H AT LIKGBY F Fotd 4 19
96FLAR . [FIHSF, 10™ M AchHH g il 4 SBCIAH L X Fnlf Kl
Bt (P<0.01) , AchfyRIlEAE LT 58 2810 MY M3R4%
PUif4-DAMPITFHIET ( P<0.01) , #3945 ug/mLi-aval
Pr-aSE G RBUAFTBHMT (P<0.05) , JLF5E2HS ug/mL
PU-BLEEA R PUIARTLS pg/mLIT-avFIHT-aSEEA RPLIARFTH
Wi (P<0.01) , E6BAf/K A10°M 4-DAMP %t Ach #3841
SBC3ZH ARG B0 7 FH 9 S s B o . 7B Ry 4
A ZPUIARST AL SBC 34 it BFHI il 75 FH A4t i3l e

B
D
20
*
Control
g 15
) 10*M 4DAMP
(o
210
o
a
o
o
< 5
0

B 3 RAAnnexin V-FITC/Pl iR RAT I A &40 W4-DAMPIISBCIA LA T RISZI, A FRIEXIRA, RIMEATFHEZ, B: ZREH10* M 4-DAMPLL 2
41, C: 5EEEZAMELL, 4-DAMPREAMRATESFIEEH. D: SEFEAMELL, 4-DAMPARATEHAESFEEAH (#P<0.01) .

Fig 3 4-DAMP promoted SBC3 cell apoptosis. A: The cells treated without drug was negative control. B: The cells treated with 4-DAMP (10 M).
After harvested, cells were stained with Annexin-v-FITC and PI. C: Representative analysis of flow cytometry for the detection of early apoptosis in

SBC3 cells stimulated with and without 4-DAMP. D: Compared with control. The ratio of apoptosis was higher after exposure to 4-DAMP for 72 h (&
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THL (Ke, E7) .
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Wessler 5 4R Ak 22 S0V AH i fE 2R 48 RO
JEph 2 Tt Ach A ML h 23 W6 i 2k, Sl B 43 W RS 43
WAL, VEH T B B S4BT A0 M i et T IR Sz A
('nicotinic receptor, NR ) FIMR, &5l EATIRE,
WIS . P4, ik ABELMTER . A a] 4
fih S, R £ IR ST & BUMBR AR i K A . R
2], R 5T R BISCLCA I bk SBC3F IAM3R, M3R
F5PU4-DAMPHIHI SBCIAY A . Ak R -2 1 200 B 11 )

av

a5

B1

T

Williams"™ % B, H 532 A3 3h 7910 - B R gk ok />
SCLCHH MIDNAF A F 2k T 0l 40 38 5 5 17 Song!* fbF
FERI, MRS B R Ach Il SCLC I 3G 5E , Rk
FIM3RFEHL A REAE I T SCLCHYIEH . FRATTHIEE A 5 Song
25 R —3 XA TR A 45 e oAt Sk vt A i
FLARIEE AR LM2. LM3 3 iAMRs, - [ A8 7E S B [17] P 412
PEANAIETE , (R 7K B A Y EREII I 4T VR
AT AEAMINTHITS A F AR A KRB, R ERALIE
A MG VE R, G S A I S A, AR
BN XFNF GRS SR | Z K S5 5%
T WLEEI RIS N A e FRATIA A 40 S i

a2

a6

B3

B 4 R MEERNSBOAEARRIE SBAETERIZaVMBIES R, PERIXASERE.
Fig 4 Flow cytometry detected the expression of integrin. The avand (1 integrin were predominantly

expressed in the SBC cells and a5 was minor.
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a5 B1

5 Ach#14-DAMP{SBC3AI R E B & EFRIEAIZM, 10 M Ach. 10* M Ach+10° M 4-DAMPFMZESBC3AERE av. B1Ra5S# A EHRILKE,
Fig 5 Ach and 4-DAMP did not have an effect on cells integrin expression. av, a5 and (31 expression was not altered after the cells were treated
with 10 M Ach or 10 M Ach+10° M 4-DAMP.

A
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20

Number of adhesive cells to Fn/area

BSA

Fn

10*MAch

10*M Ach+10° M DAMP

B 6 M3RXTSBC3ZBALMTAIETER. A:10* M AchFAR i
#38SBC3 M X Fn A5, 10° M 4-DAMPSE £ fEWTAcht
R AT AR IEFA (@P<0.01) . B:4-DAMPIFAcCh#fI#A)
SBC34R R 5Pt ER B M B T H (400X) , B1:Fn;B2:10"
M Ach;B3:10° M 4-DAMP+10"* M Ach,

Fig 6 Role of M3R on cells adhesion. A: 10™* M Ach
promoted cells adhesion towards Fn, but fully blocked by
10° M 4-DAMP. B: The influence of M3R on cells adhesion
were shown under microscope (400X). B1: Fn; B2: 10* M
Ach; B3: 10° M 4-DAMP+10* M Ach.
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160 Fn
o 10*M Ach
% 10* M Ach+anti-av integrin
E 120 10* M Ach+anti-a5 integrin
Q 10* M Ach+anti-av integrin
% +anti-a5 integrin
o 10 M Ach+anti-31 integrin
= 80
(7]
<
5
o
<
1
8 40
£
>
=

0

B 7 BERXSBCIHMMEMMEIETIER. AL aval a5B & RIIAERS BEBTAChIT 4 AR MT R RIMIER ( *P<0.05) , avila5s B1E & RFTEMEEAch
Xt B A B AR IER (@P<0.01) . B: #AZHIAITAChHHAISBCIL AL FSFH1EA BB TR (400X) . B1:Fn,;B2:10* M Ach;B3:10* M Ach+5
ug/mL anti-avE&Z;B4:10" M Ach+5 pg/mL anti-a5 #4&%,B5:10* M Ach+5 ug/mL anti-av+5 ug/mL anti-a5 #&%:B6:10* M Ach+5
ug/mLanti-B1E&%,

Fig 7 Integrin regulated cell adhesion. A: anti-av integrin antibody or anti-a5 integrin antibody could partially block the effect of cell adhesion
stimulated by Ach, anti-av integrin combine with anti-a5 integrin or anti-31 integrin fully blocked the influence of Ach on cell adhesion. B: The
photos under microscope show the role of integrin antibody have an inhibitory effect of cell adhesion stimulated by Ach (400x). B1: Fn; B2: 10™*
M Ach; B3: 10* M Ach+5 ug/mL anti-av integrin; B4: 10 M Ach+5 ug/mL anti-a5 integrin; B5: 10* M Ach+5 ug/mL anti-av integrin+5 ug/mL
anti-a5 integrin; B6: 10 M Ach+5 ug/mL anti-B1 integrin.
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s & R AR 2R IE MR, TEHEZ
) 24 L Ao 8 Aok A (] P S 3 v 2L B

MR F1EH AL T 1 ¢ R I WEIE FEEE TR 7 p 40T
ML, AT KBS Gl BB (I MIR | M3R
MSRIFE AL J5 BB PR 37 41 ff 2 21 DNASR 15 DT 410 ] 9 12
B A, TS G A HEAIM2R . M4REA XA EE
. Budd % UOHR I B Y MRS 1 v A BRI, MR
PR IR SR FEIE TS R AR T, X R AR
FHAEBTHE S TR . AR R B, A8 R ZEE i
B A LT bk 2 240 i 5% TR A MBRKF-BH I T+, M3R
TP EFE IR Re s M A TR M = HAT, M
WA MRS 5 SCLCYA T- A SCHFFE, FRATTAES] B o s
T WL E4-DAMP X SBC3ZH L i 147 BH B 52 M, [ el 6
T A AR T 4-DAMP X SBC34H e 8 7= 1% 52 ]
4-DAMPREMEIH A2 UESBC3ANMI I T . 4-DAMPIKE Hy
10° MBS, IEH TE AU BRI RO T M T
B R I ERE T E S TR AT s, 5
XTRRAAHLG, A2 L Mg EA, RS54
AL, PP e, AR T AR B R A A
Mo HATAIAEIH T RAAA WAL SET- 2R M bk
e, KFM3RXSCLCI T HARMLE], F5ZFRATHE—
LR

LIRS T4 i AR AL ( extracellular matrixe, ECM )
I BE 1 F0MRE A 55 RS AN BURB VIR G . 76 Quigley™ B F
SR, R EIR S SCLCAH ik SCC-9HK [ T TV
eI, AR EMRAE G RIBTHE i RFIBT-B 1HE & K BTIARHD
REASBH T~ EL RGP X FPVE T . E A %A M3RXFSCLC
KEME RS . AR ZRTA Sz m . 4
5 200 L AL S5 (R B ) — P R EE MBS I Az A, R a il
B PR 2 RN SR R AR e EL S, B R A BT
A 194 a8 BIEHLAE Y, FnfEECMAP—FBEE T, 4
R TH 38 & R FEnZs G, PR F . RS FIR
2 ORI TS Rav, a2, aS, a6, BIFIB3TE
SBC3ZMiRy ik, K IISBCI I FE5RikavFIpL,
/0 aSHFR . DLIHSBC3ANE = &K ikavpl, HKZE
aSPLUEAR R, aSPUEG R LMW FnZ ik, avplix P78
M I AN RRIMR32F e BEY 2 R 7ESCLC I v
ORI T avpliyFik " avBlig—A FEEINREM PR
UML) Fnf RN AT S . A9 AL, SBC3ZHARJLTA
AEAL B FE 10 mg/mL BSAfU# (96FLA ', 20 pg/mL Fnfy
B 96 LA R B A 2R AL R 3 22, X A2 U FESBC3
HlaSPlAlavpLEA TNREMHE G EK . 10 MARMEEAchH]

WA X P, 10° M 4-DAMP LT 52 4 BHIKT T b
TEPEAChIXRIE T, 1569 Ach 38 i A T MR 2
MRS . 38k, Pi-BLEE G R PRS- avFIT-aSHE S
KPR RRS 58 4= BH W7 S M Ach il 19 SBC3 4l it X Fn
RGBS , PL-aval BT -aSBE A R BUIAHR 73 b BH BT Ach i 34 1)
SBC3ZH X Enff Rl Fe, X FHH, M3RIJH 1y SBCIAH AR F
FEaf/E R R & A LI AN A R 2K (avBLAll
aSBL) SCHELMY . FRATHEN, Achmii/FREMS I TR AN i 22 i HE
G R ARG F 3k T A MRS BB, 17 FLSCRI A
x4 4-DAMP BT . R1, AIFRATEOHEM A, SMK
PR Ach . 4-DAMPH[ABEI S SBCIAN K Hav, aSELRL
A RMRIKT-. X EEE R MIRE L 547 p1IE
B0 CavBLAIaSPL ) ARE-A 2 R 200 6 A G B 2o i 2
AR RESC IR, TN RECAE AN i R T A
RINRRKT. ATANADERTM3R, EHnS A
BLI AN HEA R I, A AN AEECM A (1A B Az
3, RERSIEESCLCIHYHHS, M3REKSHLNIBHBrAchFIZ (4
Maha, IWMIIHISCLCHFE R . 45K, RN, &A%
RENFREAEE R, T LA B S i — RS

gE AT, ARWFIESE R A B SCLCAN il bk SBC3 4
TAM3R, M3RAFEHL4-DAMPREN Hil 40 ML 5 . RSB
VAT BATZ RIS E B, SCLCHEEHL!
BOEH I ZH R FIAMBR, JUH R SCLCE ;B
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