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ET SR TARIC R 5 th R G i SUE R AL 4 AR

WA 4 & S A 73 SE Y2 AL

AR ERE#H L BARE KRies”
(L BEZ Ry, BIgTTE R AT, L 200030)

S AR A R 5 B T AR 4 B 4 AT % 4a(xCELLigence real-time cell analysis system,
RTCA)#E 3= A8 -F 78 L 4m it (airway smooth muscle cells, ASMCs)I 45 47 Tk 2 R A 77 % . Jh ki€
T4 AR B R, A TRTCAK MM P Ym0 e 5) &5 & Kb 28 A1) ) 400 ) it dm AN 46, FH31 -
20 P - A ) IR (ICso); AE3E 7 4B RN HORE 69 Amh b A 45 A kAL doh g B AT SR 2, St -
FHA BORE(ECs)). 48R T, ASMCsH4 000/4~/FL3EHF 5 B 354 T (16:4) hR A A, 48/ 4 5%
35F R 4tk I ASMCs 2 h/g #91Cs 4 8.07 mmol/L, # ik #8 mmol/L2H 4] it ASMCs ™ JLAX 4 B
B 0N L ; 4 AR AR AR I ASMCs 2 h/s 89 ECso 4 8.08% 107 mol/L, #3410 umol/L#220 pmol/
L& 4 A7 AR =T 4] 2] B 24T 5K B (P<0.05). AIARTCATT VARERE . A 2. 7T 5 HoAe M ASMCsik
Us AT IRAL, A VAASMCs A £ ZAF AT R 9°F R & Go Ik 3R ABE A JE Ao /e A 69 A M 7 ik

KHRIR OB SR oA G AR AT R G WA AT TR AN AL R AT A AR

Establishment of the Contraction and Relaxation Effect System Based on
RTCA of Airway Smooth Muscle Cells

CHEN Caitao, SHI Yanglin, LIU Jiayuan, YANG Yongqing, CHEN Yanjiao*
(Shanghai Research Institute of Acupuncture and Meridian, University of Traditional Chinese Medicine, Shanghai 200030, China)

Abstract In this study, RTCA (xCELLigence real-time cell analysis system) was used to establish a meth-
od to detect the contraction and relaxation effect of ASMCs (airway smooth muscle cells). ASMCs were inoculated
into the E-plate of RTCA detection plate with different densities to monitor the dynamic growth curve, and the ap-
propriate cell density was selected. Histamine was used to stimulate cell contraction and the ICs, (median inhibition
concentration) of histamine was calculated. Based on appropriate histamine stimulation concentration, terbutaline
was used to simulate the relaxation effect of cells, and the ECs, (median effective concentration) was calculated. The
results showed that the density of ASMCs was 4 000 cells/well [the cell culture was within (16+4) h], which was

in line with the requirements of subsequent experiments. The ICs, of histamine on ASMCs for 2 h was 8.07 mmol/
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L, so the contractile effect of ASMCs stimulated by histamine of 8 mmol/L was obvious. The ECs, of terbutaline on

ASMCs 2 h was 8.08x10* mol/L. Based on the cell contraction model, significant relaxation effect of terbutaline

was detected at the concentration of 10 pmol/L and 20 pmol/L (P<0.05). ASMCs contraction and relaxation effect

can be effectively detected by RTCA, providing reference data and accurate detection method for respiratory dis-

eases with ASMCs as the main research object.
Keywords

laxation effect; histamine; terbutaline

SOV B Wi £E 4 BRI i E LA B (Global Initiative
for Asthma, GINA) " # 5& X Jy — M <18 18 M & E
PRSI, T ZL R I A I ASUTE OB 5] AR R T R
AR, FEGRNG . SR R o) 0% SR
RM, A8 F 45 JVL4H Bl (airway smooth muscle cells,
ASMCs) /& W IRGE 1 3 ZE2H B 75, FOl i g7 ik 2
I8 TS R SN B B ek AR ) A A, A
ity LA S AH DG A AU B B AR AR 2 — B, (R, IR
RIS BN ALV WL e 2509 S0 PAN OB 2450
R R 3 B th AT AT FRASMCsP

FE R I Wity 585 14T B I R AE S A E T 2
BRI, A R IR RIBIE L V697 T7 R PR AR
PG RAR KRR B 77 B AE Sh W sl i b AT 5050 . 2
Wit ¥75 R B WA R R ABE DL 8 R A R e A i AR, (RS
6 4 AR 2 B TG B M 980 S REAS [R]O14E
ZEAPSEN A ANTIE Y DR v S STl e g =X
e, B SRER PR SR ) S8R BTt T R AR 2 ke
Fyk B, @A — M E . AR FTEEASMCs
WAz i A0 AR AT U 77 V2, T DA A W g S AL ) N
o B A PG T B B At . H AT, BEXTASMCsIAR 7
KRB 9T 07 ik S8 e A FL A B AR R A iy,
RPIAE =S N st el N R e MV LS B 1
VR TG J7 1 M LIRS 7 £ 2 PR SO 4 AT TRk AR
P, TRIE TG 3 4 e il 28 PR S o

SEWF kR C 4 i 70 AT R 4t(xCELLigence real-time
cell analysis system, RTCA) & — 2 T H 7 FHHT I 3l
AN 20 M B AR . R I E ) F BEL B S I A A
2 5 2 (cell index, CT), fe KPR A AN F 28
KB, ZhA. hrid. R AR R 2 42 40 i
RS FEAT 700 AW FEA FHRTCATOAR, R4
ASMC s BEHKp 14, 22 i) 240 M A= K it 2, I SI2 i e il
4 B S A A BT 5, X A R ASMCs Wt 4 &7 5K 2808 s
W77, LA LLASMCs A = ZE0F 5000 52 1 I
T B2 14t 2 2 s AT HE R A I 7 7

airway smooth muscle cells; xCELLigence real-time cell analysis system; contraction and re-

1 HR5HEF

1.1 #gd

111 sk BOM - FREMHSDRR, FIFH 5
BRI AL 2 B AL IR RS 7R R, IR S~104%.41
FREAT SR o A0 R E % 35 1 TV A B AR VR A
WT R RS ED,

1.1.2  E£ZKA 2H Jl%(histamine, Hist)ld B i
A A AR It A R A WD B R R A At bR
i (terbutaline, TB)W H i # 4 5= ] 25 A BR 2 #l;
DMEM = B AR B; 7 2 . JRZF I3k B I 40 i 9
16V H Sigma A \; F 5 -4 % R IR G WY H
FBEEREMEARGIRA A, BRI A
Hyclone/A 7] .

113 FEBMAE S EERE: SR hRid Al
853 Mt 24t (xCELLigence, 3% F ACEA Biosciences
A wl). B EE-plate J& LK #(964L, 5 EACEA
Biosciences 2 7))« HE HL W N HL T EE 1 A & (SW-
CJ-2FD, IR RAR]) . A bR 7240
(CCL-170B-8, HMILESCOA T AR IR B OHL
(Microfuge 22R, J[EBeckman/a ). ¢ A8 B WAl
Bi(IX-81, 3% EOlympusA A]). # ¥ #5 (4% E Eppen-
dorf2x Fl)~ 40 M TR (b SRR Sk A PR A F]).
Kr#2 ML(3E E Corning A 7)o

1.2 SEWAE

12,1 KRASMCst9¥7  ASMCsLA5x10*4~/mL
W RERER T R IR L, 55 7R N S HEDMEM, 10%
JRAE MG AN % s B R-HERIRAGW. KRFMEN
37 °C. WFITEE . 5% CO,. HE2~3H 11X, 2440
HLIA80% il & Ja HEAT MR ARAF H

1.2.2 A FRTCAfH it K AASMCs&EA F B W
ASMCsHI3 mLiEREEAE37 °CH AL, N9 mLE: I3 &
&=, 1000 r/minB5.0010 min/5 R _E3E, A1 mLE; 77
TR BT AT 2. #2185 0001 /414 0001~/4L+
3 0004/4L 2 0007~/FL 1 0004/ FLIKI 4 o 25 i b
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(FRFLIEFRIAARAR 200 uL), 45 N40 M 25 52 334N AT
FAL, THE AR &, HHE IR AR

1] 4 J P AR AR AR AL NN 50 w4 it 35 77 Vi 5
Fed . Fr ARSI E 58 BB, R TH LT 1 4 i R R A
T 1m) 4 8 AR AR P, SRR i B30 min, FFAHE DT
b 2 FLJE S, ¥ 17 4 )8 P AR %2 B T-xCELLigence
RTCAf#: |, B B 57 97, WOE R P IESR
D240 B 384 B A k. AR i) X, 40 CHE A Y 4,
f A K. CHEiFE AR F:

CI = max [ Reen (1) _1:|
El=n Ry (f)

Horr, Ry()A 2 T 40 i 26 B 1 FRLBH BT Rean (AR
A YN 8 B AR R BELT, A AR N R BEL 7T A4 A A
. fEAHRFEFRFAET, Bk B2,
Rean(f)IEBR R, WU CHEBR R 740 i 2305 AH [R] i), 24 i
25 PR EE AR o o T K, U CIE B K1, I 7T S
S W2 A RS, AR i M 00 3 1 CTEL vT 34 5 44 g
AT HOE K, T e gk iamt il
1.2.3 Y R E) R LA BExt K R ASMCsHk 4542 £ 49
e WES AN IR (PBS) MHist L4604, Histik
JEE 43 0l ¥ % NS0 7.54 10.0. 12.5, 15.0 mmol/L,
TR FERIAPATE AL, R0 s =0 08 KR
(CHEZIA 1, 4055 12~24 hp) I A\ Hist A6
I AS [ W€ 7 Hist X ASMCsHiT 4 F5 % (1 520, 158
T B HistRIBOR BE, FE 1T B0 B iR FE (1Cs0) -

1.2.4 Y50 R ) IR AF A bk AT 7K K R ASMCsA2
T 55 38 VA FE I His R S i e 2t 1, e =S

ot HE 41 (PBS) AITBSE 56 21, TBIK & 49 31 B 5 M0.01 .
0.10. 1.00. 10.00. 20.00 umol/L, &N &34 F

1T E AL, Fran K 20 Hus KA CHEZ A1, 200
FHAR 5 12~24 hR)INZ5 Il e Al AS [F]9 BE TB Y
TR ASMCsHFEFE, It 55 BUBUN K E (ECso) o
1.3 FitERE

i it xCELLigence RTCAAY #% Bt 5 #5441 E 5
THE S B CHE AT RN . SLIREUR RIE N
I HhR 1 22 (xks), 2R 18] LR 3[R 3 7 2 (One-
Way ANOVA)Z#T, W P LU A8 SR FH d /s W 38 22 5 1k
(least significant difference, LSD)ll4 1T 4347, LA
P<0.05 7 72 7 2

2 H#R
2.1 KEASMCsH I EIEPEEE

A SIS R FIRTCASE B W MICHE, FF B B
ASMCs i i £ A 2 5 A0 it 386 0 e HE R S . &
24 hJ&, RTCAM I 2 A [ 4 B 25 5 ASMCs 3 5 i
2, FHCHEARAL X 1A ~0.1~1.7(El 1), ASMCs$EFfas
JEAK T3 0001 /FLET, 2 A A H 0 BA J5 fo) 25 2E K3
RSP G 1A, 0 48R0 % B 724 0004 /FLEKS 0004N/4L
I, CUEL/E20 hNFREEIG K, H B2 HA K. &
S i S35 B4 0004/ FL AN A $ P s P A R B 4
Ji %5, 40 B AR K (164) hJ5 B 3% AT WLASMCsTE
R 2RIELBCAMIN =M, TR EMZ, TG
YRS ER B NI AR, T R N2 5%
2.2 FFLERHITAR R ASMCSUEEZS R 46

4 ASMCs A4 0001/FL4H fg 27 296 1L 1] 4 I
B AR HH RS 7%, 5 20 PR K &2 0 K IS R A
24, Histi BERRE 45.01 7.5 10.04 12.5. 15.0 mmol/L,
A5 E A A6 IR ZL(PBS), N A\ Hist)i 4k 82 5% 9% 3 16

—®—=3 000 cells/well

—#—2 000 cells/well

1200000000

.
P I I

1 000 cells/well

Time /h

Ell SERTESMAREEE KR ASMCsHE Kz
Fig.1 ASMCs growth curves of rats with different densities monitored by RTCA
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(A) |, (B)

e ——
—&—PBS

5.0 mmol/L Hist
B —, el B 1171 101 1 BB 5§
—=—10.0 mmol/L Hist
—#—12.5 mmol/L Hist
—#—15.0 mmol/L Hist

200 20.5 21.0 215 22.0
Time /h

Log of conc;:%{t?ation /mol-L!
A SER B IUA [ Histy& B2 X5 ASMCs I CHEL I, B: ASMCs A4 000//FL2H A 2% B2 FeAh A 420 hJs SHAARBCIRES o 80 F 5] B AR AR g, 1
€ P 0 H AR S () (0 L, 1 i Sk PR R AN 510437 B C: 8 mmol/L Histi FEHIMASMCs U4 15 minJ 8% FIRZS; D: Hist{EFIASMCs 2 hJs
ICso. JTHE INICsERARU BE, ZL /N7 BN AN R BEE BE T % B2 At JA — L CIE

A: cell index of ASMCs with different concentrations of Hist monitored by RTCA; B: cell status after ASMCs inoculated with 4 000 cells/well cell den-
sity for 20 h. The image was acquired by an inverted microscope. The black circles indicated the position of the electrode array, and the white arrows
indicated the position of the cells; C: cell status after ASMCs stimulated by 8 mmol/L Hist for 15 min; D: the ICs, value of Hist on ASMCs (2 h). Box 1
represents the initial concentration of ICs, the small red squares represent the normalized CI corresponding to different concentration gradients.

B2 Histhl A ASMCsUTAE R &
Fig.2 The detection of ASMCs contraction effect induced by Hist

MCHE A1k

RTCA I MHistA [7] #& B % T-ASMCs [ CHE
BEEMER, BEEFE RN, HXFASMCs# I 4
1 FH 14 58, CHE B8 /N (FI2A). 8~ %2 K I,
ASMCsINZ4 1T 40 i 52~ 3 L Al R 25 (B
2B), N A\ Hist/i BT 0L 20 28 55 W5 46 A% 15, 441 A 8] B
W98, 2915 min/i5 40 HLIA B SE B KFRE (E2C). 18
I RTCAZ M & 48 i+ H Hist{FE FHASMCs 2 hffJICs N
8.07 mmol/L(&2D).
2.3 FIR4F R E 1T KR ASMCsEFaK 3 Rz 46

TEA# 8 mmol/L HistZ 37 4 Ui 4 25w a1
(R Hist{F F1ASMCs 2 hffJICs,’48.07 mmol/L), [F]
TNV FULEH 0 & 5K B 44 245 M0 TBAS I & 5K 28,
JEE BB 4351 790.01 0.10+ 1.00+ 10.00+ 20.00 pmol/L,
75 VLB A ITA 259 16 25 (A % REZH(PBS). 4i i &2
ot H5 K 5 AR I 24, SR AS I CIE (1 A8 Ak

RTCA W5 U A [5] ¥ FETBXT T ASMCs[ICIE &
B RO R MR, Bl A TBAR & 13 N, CHE T~ B2

FEDRD, 15t B ASMCsUS e F2 FE /D (13 A) .

Be T LSRR I, N2 A 40 A P LS R A
(F3B), IIA20 pumol/L TB(8 mmol/L Hist[&] i I AN),
AT LA I P Y AR AR [, 2915 min 5 1A B4 i
KAEFE(BEI3C), Holse 4 2 FE 58 mmol/L Hist!i 4 %%
N AH BB B b . I RTCA S #T R 8L it 5, TBXS
ASMCsfE F2 hffJECso ~8.08%10* mol/L, H ¥ J&F fh
2 s LW E3DFT/R . 1EFE10 pmol/LFI20 pmol/L
PRAN MR BE B TBHEAT 40 H AT 5K S50 1Y) T IR SR AIE, SE5G
45 R OR, TBHK EE 10 umol/LAN120 umol/LI X ~F
T L2 A B A B R 5K RN (P<0.05, EI3E).

3 1ie

ASMCSTE AR IR T B HE AR AF R e, 2
i PR 58 RS O E R RS, ASMICs
O 3 S R A6 2 A R 1 EE B A
fO S B A I DRI P 3K ASMCs A2 ik 2 W i
SRR (1 AT R, L H AT 2B R
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(A) 1.14

e

—m—PBS

20.00 umol/L TB

—®—10.00 umol/L TB

Normalized CI

—m— 1.00 pmol/L TB
—=—0.10 pmol/L TB

0.01 pmol/L TB

(D707
0.63
0.56-

0.49 1

Normalized CI

0.42 4

0.35

0.28

29.0 70 60 50 40

Log of concentration /mol-L!

8.0

-3.0

183

1.0

(E)

0.8

0.61

CI

0.4

0.2

0 T
PBS +
Hist

B

+
8 mmol/L 8 mmol/L 8 mmol/L
10 pmol/L 20 pmol/L

s

A SIZIRF WS I AE WA i 25 F Al [ FE TB X ASMCs U CHE R ; B: ASMCs A4 0004N/FL 40 25 FE B fh A=K 16.3 hjg A BOIR &S S
BsT RERIG, BOFE RS BRI E, A OF S8R BHsIa B, C: Y4 BN 26t 120 pmol/L TBHIIFLASMCsE7iKk 15 min )& 41l i
85 MR D: TBAEFHASMCs 2 hJGECsoe JTHEUNECso R U IE, 210 /N T HONAS R PRSI R 6 B 1) H— L CHE; E: AR ETBXF ASMCs[1)

CHiE L%, P<0.05.

A: cell index of ASMCs with different concentrations of TB monitored by RTCA (based on contraction effect); B: cell status after ASMCs inoculated
with 4 000 cells/well cell density for 16.3 h. The image was acquired by an inverted microscope. The black circles indicated the position of the elec-
trode array, and the white arrows indicated the position of the cells; C: cell status after ASMCs were stimulated by 20 pmol/L TB for 15 min (based on
contraction effect); D: the ECs, value of TB on ASMCs (2 h). Box 1 represents the initial concentration of ECs, the small red squares represent the nor-
malized CI corresponding to different concentration gradients; E: cell index of ASMCs stimulated by TB at different concentrations, P<0.05.
El3 TBEF3KASMCSSIR
Fig.3 The detection of ASMCs relaxation effect induced by TB

HANE. dIMSCIGE AR A EE TR, 1
W Fity 2E 40) 7 WL T T B2 Wi e oy T B A
o WO, WER ELAR E B4R BN e BT 7K RN
R 73, AT N4 G e AL B A B, 24
Vv e ST 7L B RS B, ik, A Al E
T RTCA R 45 8 37 K A AL S ASMCs 48 FIET 5K 3%

IS PR SIE 58 T o

RTCAE M 377 f 7 BT Al 30 A 40
MR INEEAR, H AT 42 tiis FH 10 ULER A0 i e
TR I S 6 TG 7 6 A AT AR T, W AE R
KR BEHE AR PR X 40 B AT Rr JM; RTCAAX 2=
TR IRE A A R BT e A ORI, T8 4 T A
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N 1) AU % 1) B 0, B2 s oL 4 P 3G 00, 4 g
AN K A 0 Ak S D I R BEPASE [ B RTC A BT
FA ) 4 W AR () AL -5 FL oz TR AR ELOT, ]~ AT i
2N RIAR, 3 T PR B R 2 RN 2 )8R 1)
6, 77 A ASMCsHR Y il ksr I 223Kk . Bl 9 A R
ASMCs{E 4 g S 56 B 8 [ 4, [ BA A3 55 R F
RTCA Z i 5t N RIK BASMCs ¥ 3 B E AT 1 W80,
FAELE S AR A R B R 264, XRTCARSG S
& ST 7 2 P TR S TR WAL A= 1A T LT 922, A
BT N 0 A T 385 2 8 AR 20 i 2 RS 1Y)
LGk J5 1%, RTCAR G RIGUE = N 2 5D,
For I 25 TR ARE o

AHITF 5T K FHist/E A ASMCsUR 4 250 S 1 3% 24
W), Hist& ML R 2 i R R M s 4 it 52 310 RS
PRI S DT, 2 i LB 15 & R 25 . Hist
(R RE AT 5] 2 ASMCs HH 85 B 794 P (1 384 m, s 4m
Hae e 308z, R kS 42 . AT Histidi 45
A R HERR AT TS, TRk T sS4k, ik
PEEE M ASMCs I s I HistIR B o A S 56 A )
FHisthf K L ASMCsfE H2 hffJ1Csp>48.07 mmol/L,
PR WU 441 PR AT 44 25502 B 7T 36 68 mmol/L Hist, Hf#
F5~10AC40 H gk A7 S0 25 R BN TR E -

N T R R N S R JiE FH 24 TR 2% fR IR
A, ALK TBAE A BH P 25 W3k AT & 5% RS A,
TE 20 BN A 8 Bt EARADLET 5K AR, . TBJE TP
PRBREN T, A I PR G4 v 5 W g M R 1) 1 0
2i 2 —, AR BN T FIF B2 R B Eh 7l ——
W HERERY, FEASLIGAR R, AT [F A&
VB2, TR 40 B A BRCRT T R (1) I g 2
PR, 25 R OR, TBIRE N10 pmol/LAI120 pmol/L
I % ASMCs A 2.3 &7 7K BV . TEECsoik & YU il N 33
AT LA G IE I TBIRE

ARSI R R, 5 — e S R B R (DA
0 5 FEE 1D 3% 438 ASMICs [ A= K 5 F8E 2 B2 M) S S 36
RMTESH. TR E TSMMRFMEZE, KN
K B ASMCs I #4340 i 422 7 %55 B2 94 00047~/4L; £
SR FH AT 8 240 B sr, 75 EEAR R 40 B N AT TR
QA MUIRAS: U FR A, BV 75 52 22 vk /b 40 Ffa 45
i, SE50 A AR R R 0T, B S g A AR K RIS
S ) M DN A B 2R, TR 3 X B K A 5 R
24, AMRIESEIOAR RINARE .

27 bR, A< S286 F) FIRTCAKS I Hist ) 4 K 5

ASMCsHAEREIE, FF I BHE 25 TBHEAT &F 5K RN A
D, BEIESL T ASMCSHLAA & 5K BN AG TN J7i o F
TR LI A RS E, HA55~10fCASMCs REIR 1T
HATR A SEBR5 2R, SiEiern] SR vy, BEWS s 424
FHLHIBE T BN 2549 5 0T 148 ST 34pr i S AH AT
XTHHER T SE ) SEIR AR R
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