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IS sk A - B A% AL 52

R 2 MR EWRF IRE BIE ATAE RE BEK

(WBE] B w5t ENURE SRR A 2 400E BEAS-2B Al ik /b igm . & W
FX-5000T 40ffiA2 5K 148 A2 % BEAS-2B ZNLL 0.33 Hz S35 A 10% 5% 20%22 5K )i 11 24 .48 F1 72 h,
AH 22 Sk SR T UL 20 M TR 25 A 5 7 P G 28 9 S BUbR 2 €8 RN SIS 2 Sl e o 2R 45 % S5 E (qRT-PCR ) 43 531 A6 T
ZEikni)g E- 55 1 (E-cadherin) . 40/ -8 (CK-8).a - FIIshEN (o-SMA) MPEEEH
(Vimentin) (8 1 &% mRNA Fik1E0. 4R O20% A5k 48 h J5 , BEAS-2B 44 th 38 9 B AR kK
WRIE , 725k 72 h 0B B B 00 444 e, 4 B A A2 T 0 - 109028 BRAE 5K T 4R HIE 25 J0 I i 2 - @Az o
WARGL S5 R IR, 20%4% 7 72 h i CK-8 2 R A W N, E-cadherin 335 W T, a-SMA & 1AW
ISR, Q5 RN (EHR DA, 20%%2 5K 4 E-cadherin mRNA RIKTEZETK 48 h A1 72 h 435 T =
0.388 + 0.056 £ 0.247 + 0.064 (4 P<0.05),CK-8 mRNA FIk7EZ 5K 72 h FE 0.436 +0.060 (P<0.01),
o —SMA mRNA FA7EA 1K 48 h F1 72 h 4351 E I 2= 1.437 +0.267 F 1.261 +0.247 (] P<<0.05), Vimentin
mRNA FIETEAETK 48 h I 1.679 £ 0.172(P<0.05) . 10%423K4H E—cadherin mRNA FIA7E427K 72 h THZE
0.387 £ 0.081( P<0.05), Vimentin mRNA Fik7EZZK 48 h FiHE 1.688 +0.179( P<0.05) ; A4 628 (L ANIH
W, 2R G R S FrEad AR AN L A BEAS-2B & A b R ) B B oAk
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[Abstract]  Objective To investigate the effect of mechanical stretch induced epithelial-mesenchymal
transition in human lung epithelial cells BEAS-2B in vitro. Methods The human lung epithelial cells BEAS-2B were
subjected to cyclic stretch by the FX-5000T system at 0.33 Hz of 10% or 20% elongation for 24, 48 and 72 hours
respectively. The morphologic changes were observed by microscopy. The mRNA and protein expressions of E-cadherin,
Cytokeratin-8 (CK-8), o —smooth muscle actin (@ =SMA ) and Vimentin were evaluated by immunofluorescence
before and after mechanical stretch and fluorescent quantitation reverse transcription—polymerase chain reaction
(qRT-PCR). Results (1D When stretch by 20% elongation for 48 hours, the morphological changes in BEAS-2B cells
from cobblestone-like structure to elongated shape and obviously when stretch for up to 72 hours, while 10% elongation
showed no significant morphological changes comparing to control. 2 Decreasing E—cadherin and CK-8 protein
expression was associated with increased immunostaining for o« =SMA protein at 72 hours after 20% mechanical stretch.
® Expression of E—cadherin mRNA was decreased to 0.388 + 0.056 and 0.247 + 0.064 after 20% mechanical stretch for
48 hours and 72 hours compared with control without stretch (set 1, both P<<0.05), expression of CK-8 mRNA was
decreased to 0.436 + 0.060 at 72 hours after 20% mechanical stretch (P<<0.01), o -SMA mRNA was increased to
1.437 +0.267 (48 hours) and 1.261 +0.247 (72 hours) after 20% mechanical stretch (both P<<0.05), and Vimentin
mRNA was increased to 1.679 + 0.172 (48 hours) after 20% mechanical stretch (P<<0.05). Expression of E-cadherin
mRNA was decreased to 0.387 +0.081 at 72 hours after 10% mechanical stretch (P<<0.05), Vimentin mRNA was
increased to 1.688 = 0.179 at 48 hours after 10% mechanical stretch while other markers showed no significant changes
comparing with control. Conclusion Excessive mechanical stretch could induce epithelial-mesenchymal transition in
lung epithelial cells BEAS-2B in vitro.

[Key words] Mechanical Stretch;  Epithelial-mesenchymal transition;  Acute respiratory distress syndrome;
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2RI T 25 A E (ARDS ) J2 & Fil il 9 &1
o R R FEUW S SEFTPEE I | TR R
SR BANRIT T HIR IR 53k 36% ~ 44%1,
WM, IR T LT b5 5 ARDS H
RO T 5 R T ) R SRR 22— 23 RV SR A7
F, W2l TR A S A et BA AN [ R B 114 il
DIRePtE iz shife 11 TR R, ARDS Yl £F 4
A HERE K H & AR ML ARDS BFSE R B )51, HL
MGE AR ARDS BF EE AT FBZ—, HAE
AU R 25| R SO R4 0, SR F AL
BRI ST ARDS AHICET A0 & A A5 i — B A 1 T
o1 BE ML AR 5K 235 T b R 453007 , R4k 1 7
Pt T LR EOR IR L R A i e kAT Rl
N A 22T 5% 2 W AL 2T i 200 A g 3 3 i 2T 4
FEHERR Y OGN A,  H By =l ad R 1
FZ IR AL (EMT ) i FESE B0 A =0, PRI AR SE 56 LA
Jili 1 Kz 20 M IR X 4, A (RSN SE B S LA 2
KT ARz 40 EMT B930S HLGE <A
ARDS B EF AR BV o
1 #MH5hHZE
1.1 A El:Flexcell® Tension Plus FX=5000T i 2% fill
WA G (Flexcell vH), E 1), Myt A\ E- #5858 H
(E—cadherin ) B g FEHUIR (BT ) L BRBT A BEIE 25 M
(Vimentin) BT (BD 23 6], NEE R ), BRBTA 4l £
HH -8(CK-8)HHt bt N a- I MNLEIE A
( @ =SMA, Abcam 23 A, ZE[FH), ILEPTR Cy3 —Prfl
PR RS SRR DG K (FITC, EarthOx 23 7], &
K)o TRIzol RNA #2HU ( Invitrogen 23 F] , S [H ),
SYBR 5 ¥#%EH 9 2 R A W% )W (PCR) L3
SRR & (TaKaRa 22w, HAS ) ; DMEM/F12 #5555 |
G4 LR R Gibeo 24T, S5 ),
1.2 ifazsk s sral. AL BEAS-2B 41
L (ATCC, Rockville 23 7] , & [E ) 7 37°C .5%CO,
FEHLAREEFE, L 4 x 10° 25 R0 2 Bioflex T IR
T AL 1) R J e A i X 7 g 6 FLAE sk G A,
ERE R IR 24 h 5 HFJC L7 R SR R4k S 15 5% 12 he
SO AR A A R T R, R Y i
FX-5000T THEMLEAE A shaa il A2 J1{E K
/0N P B S IR S R T A AR R (9% ) FeoR . 5256
S3 R X IR 10928 T4 20%4E 5k 4 3 41, &
ST R 0.33 Hz, LUESLIE AT A2 5K, 22 7R a] 43
AR 24 .48 .72 he SAAMIIYE T 37°C 5%CO, i
FEUEITIE R . AR ES 3K,
1.3 IS rnl T45K 24 48 .72 h, HH2E

R N AR AN AR Ak

1.4 RGeS A sk RS I AL D 2 x 107
PERP T A 6 8% 719 24 FLRGFRA, FHJC LT 55
FRILFE IR 24 h J5 BBRIE IR, BRI SR v
(PBS)V 15t , 4% 22 5 WIS W 1 5, 82 135 1 1A
K 0.2% 138 -X100 ZHEMFE 5 min FIRFTILE, R
B a—SMA FFi(1 : 100) . B #i A E—cadherin 5.
Pt (1:200) BFF 2%, PBS 35 ¥E 5 min x 3 K, H
FITC Fric 09 th 2240 B H0 % AR 10 1h 2
YU UG IR IFE 60 min, PBS J5 %% 5 min x
3NN 46— kI -2 ZEILNIE(DAPL) 7 H
10 min, ZECBTEKH] 5%PBS HihE s, ThE
WA TSR %

1.5 SERHOEE ER A BEE IV (qRT-PCR) : 4 itd
Z ARG , R TRIzol $2HUHMI RNA, £454h
Oy HECEE DRI 4l B AR BE Je , 4R vl i 545
BRIEAT 10 5% 58 cDNA. )W | Premier 5.0 #4111
E—cadherin .CK-8 . & ~SMA A Vimentin 3|¥1(F 1),
Bt BRI ARA ARG . qPCR b 4
ZK 20 pl(SYBG 59#R%EE 10 wl, L5149 0.4 pl,
TUEG1H 0.4 ul, ROX #IE G4k 0.4 ul,cDNA 2 pl,
7&K (dH,0) 6.8 pl), BfLiE 3 & fL. PCR
JL &A% 95 CTRAEME 30 s;PCR 95 C LI 5 s,
60 CiR Kk 30 5,40 HFF . ARHE 29 kit o5
E—cadherin .CK-8 . o =SMA L) & Vimentin ) mRNA
FEIRKT o DA W H i R Ut ( GAPDH ) & [ (1)
PR RNS R,

F 1 RO ST S
HIH 5145

E-cadherin 37 :5' = GGCCAAAGACAGAGCGGAACTAT-3'
T :5' ~ATGTGTTCAGCTCAGCCAGC -3

o« -SMA F¥#:5' ~CCGACCGAATGCAGAAGGA -3
TFU#:5' —~ACAGAGTATTTGCGCTCCGAA =3'

CK-8 ¥#:5' -GAGGCATCACCGCAGTTAC -3
T :5' -TTGCTTCGAGCCGTCTTCT-3'

Vimentin Fi#:5' -TGCCGTTGAAGCTGCTAACTAC=3'
T¥#:5' “-TAGGTGGCAATCTCAATGTC =3'

GAPDH 37 :5' =TCCTCCACCTTTGACGCT -3

Fif:5' -TCTTCCTCTTGTGCTCTTGE =3
¥ : E—cadherin: E 45868 11, a—SMA : o “FH WU SN 11, CK-8:
YA B -8, Vimentin: P 8 1, GAPDH : — W % H I %
it S it

1.6  Suil2#4bPH . R GraphPad Prism version 5.00¢
GEIT A PR, THEORHEE UL + drifE 2
(x£8)3RR, LRI FLECR ] e ka4, Z2 20 1H] AR
FHHARI 25 2501, P<0.05 WESAG TR L,
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2 & R FAZCHA 2 T R A i s 5 o il L B 2
2.1 ARSIl R AR A RS (B 1) & i TIRFRAL SR B 2 5 R IR B 345 45 1
ZH i | K2 BEAS-2B 40> MIAEZE 9K 24 48 F1 72 h SR, AFST N, FEEAEMA YR B (ICU), M
S A B S A il . AR 22 5K 1) BEAS-2B #fi g 5

K50 AITE , S ] 2 S 109/ A 5k A K L
T WA, 2006 HEAS K 48 b I , AN A . EL¢

TEOR AT AL A RKARIE s 223K 72 h Ji= 4 i 1] B 1 A 14
T, ML A B A Rt A T N A

T, 4 ) 22 B B 2 R 10 skAL \)
2.2 AN[w)EE RO it b R A L R TR SRR A ——
RIS I 53500 20%42 5K 72 h (AIIE 00 cnem
KA X B ANIEAT S e B bR, 25 [/
o - Zsh v Z=d S ~

i SARAIAMM LA, 2097 5K 72 h ATATHLE LA S TG A 1 BEAS—2B 41107 51 K
Bebrali) CK-8 AW NI, [EhRakd) o ~-SMA RIS M XHIBALR 1094234 A5 AR

SIA N AL X ; T Ton —cadherin 3% Fof TV s A TR 25 TG A S i A, S RS O B, A i [ o R %
FEIR B B (& 2)5 AR EY) E-cadherin % F 6] 7 20 P 25 7, S8 9 4 , 4 B 3
IKBH R, o —SMA 53k B E 8 (& 3)., 2097 5K 2H 7= S I AL E I, 48 A D KA | 4R I 1] Bt ]
2.3 AN[EZE ekt bR A R . Rk WaGi. A B AR FRALAN 209%242 5K 72 h J5 AHTE A0

o L = N APIIRY

' 4 EONG!

mRNA KR HFE0 (55 2) : qRT-PCR 453 R,

BT HRLH H#E,209%32 5K 48 h .72 h D4
B, b AR E—cadherin mRNA
FIRM W R, LA 72 h oM
(¥ P<0.05);10%4= 5K 72 h i},
E—cadherin mRNA ik /KA H
PRI B FRE(P<0.05), bR
Y) CK-8 mRNA ik HA7E 20%
A2k 72 h B A B B A H PR 20%adka
R (P<0.01), [EJEFREY
a —SMA mRNA F£iETE 20% % 7K
48 h .72 h B30T REZH B 2 1o 2 20%HUMRZAE K A 1 F2 BEAS-2B I8 72 h I 4I A 35 11 -8(CK-8) FOZE 11 K ik
(¥ P<0.05). MTE 10%Z280VER]  XHIRAIHE T, o — T WUNLENE 1 o -SMA) RS 1335500 AL MR i (bRic
THIG 22, [\ Ftral)  DAPLAEARC CK-8, LLEHHE o -SMA  RIESOERFRRE IRATHR
Vimentin mRNA FIA7EZ 3 10% DAPI E-cadherin @ —SMA o
25K F 20% 4% 5K 48 h I 35 I 3%
BT X (3 P<0.05).,
3 "FJ' i/t\. xf B2

i 21 4 354 5 %) 2 R 5 i)
ARDS TiiJ5 B EE 2L [H 25, ARDS 19
i £F A A E R B e AR AL 2 L
S E 22T 100, RN A
il 1t £F 45 Ak i 2 7R A AT RE el
ARDS #BH MG . Willis %511
5T 25 Al AT R, ARDS fifi . o

3 20%HUBEE Sk AT L BEAS-2B i 72 h i E— 4525 11 (E-cadherin) ({25 11 3634

V] 2T 4 AL B AN TE 2
"mijf{/f‘wm n ,5”55% Ef”\'“ BRI 5 T o — A UMM 1 o —SMA B F1 23556 WEEL 0 SO, T (b
BRER, FEHRUBEREABRTL o papn 5@k b-cadherin, LEFHE o -SMA  SRTOEURR 6 EFHOC

PagE)

20% 25k 41
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F 2 AEAR KA A R BEAS-2B At [ 57 [ BiAR Y mRNA B M52 (x + )

) FEAS E-cadherin mRNA CK-8 mRNA

A L' #E3K 24 h 454 48 h ZEW T2 h 24 ZE 48 h #3 72 h
XJREZH 3 1 1 1 1 1 1
10%%5%H 3 0.679 £ 0.124 0.695 + 0.058 0.387 +0.081° 0.879 £0.218 0.781 £0.176 1.016 +0.167
20%% K4l 3 0.774 £0.116 0.388 + 0.056" 0.247 + 0.064" 0.664 +0.150 0.682 +0.238 0.436 + 0.060

FEA a —SMA mRNA Vimentin mRNA
2157
b4 A5k 24 h A2k 48 h A2k 72 h A2k 24 h 2k 48 h Ak 72 h

Xof HEA 3 1 1 1 1 1 1
10%745k4 3 1.570 + 0.397 1.380 +0.164 0.721 +0.156 1.115 +0.075 1.688 +0.179" 0.883 £0.153
20%7ERKH 3 1.827 +0.593 1.437 £0.267° 1.261 +0.247" 1.266 + 0.080 1.679 +0.172° 0.996 + 0.120

1 : E—cadherin : E- #5268 11, CK-8: i fA TR 1 -8, o —SMA: o —

80% A THLAGE A ARDS FR 3 H A [v) 75 8 ) il
B an i BE A ki 20 20, 5k K LA S T il 1 pe
YRR BRAS, FREE AT T R 0RO S EUE R i
FER S ARDS AHSCEIRET il & Ak il T2 B R 02

O PG RIESE R B, AU A & AR il
L AEALBIREREL . Papazian 55/ Martin 551/7)
SIRFEZ MBS 5 d F1 12 d B9 ARDS B 471
WA, S5 EoN, IFE Mg & AR RS
53%H1 64% . WEIEALAR G Aot 43 (VILD) 2l 1i
WFFEAL R, AR S5 A i 5 A (R A AT LG s =
ARSI il — A 1R A UG A i s A2
A, KRR A Al Bz AR A A AR O HLAE S
TRl 1 R A AZ BIHUARZE K 25 & A A R AR Ak 2
T ARG & IR, LB 5K ]38 A S MKK6
p38 o R il ks, 175 TN I 7 40 it 5 5 i S Ok
LR =W 2 o SRR ZE 5K 7% il Bz 4 a2
SARREZI , AT P A DAR DG HRE o AR S 5038 o
ST ARSI A SRR BFSE R IRIA LA A Tk R g %o
NIt 1 F 20 M2 o A s . SEI T e AR 2
TE 5L 20% ML 22 5K 1% F BEAS-2B 40 il & 2 EMT
MU R AR R R AR 5K A BEAS-2B 4H i A
ALY TR IS, Zead FE B ML A2 5K RO
4 4 H 8 B [RE 3% A8 M T S50, AR SR 4N
it I) 2 42 AR AR A o A T — 2R S, FRATT A BN
LR AR (A KEAS T T EMT $8 bR 0 28 4 45 00 , BT
FAET IR, 20% WA TR R AN S , b bRk
E—cadherin F1 CK-8 ik Bl Bk />, W Fibr &)
o —SMA F1 Vimentin Fik Fi#, $#278 BEAS-2B 4flfifg
2 BN AR ) ] B 34k

EMT JE 48 B £F 440 sl B ML 2 — , R
FUE—FE A A0 2k LA i 2 AURE N %
AR AT R, FE B LR AR AL RS A R

SEHMUILEIZE 1, Vimentin: BB 1 5 S0HEZL HEAR L "P<0.05, P P<0.01

U5 W Il AT e A RE rh YA B EMT (1) & A= 15,
EMT 09 %A 24 LT LA, 15 B 4n i
LB AR ) E-cadherin 2% . E—cadherin
SRR R A ) S R N Sy, AE4ERE L
F 20 M e e R M rh B R T s B VE T, gk
JHO R N AR 2R E A, B o ~SMA A 23K, ILsh
BEHE A A HETZA N, E—cadherin 23k
R o —SMA FIRHME bR M & A EMT 1) 5
BIARAR ), ARBFITEE R LI, i - 2 BEAS-2B
AN Z 3 20% P A 7K 48 h.72 h IR F
i A T AR R EMT 248, JELA72 h R,
X5 ESMEEMIEE R I, Cabrera— Benitez 552!
KL 30%AUIAE 7k 48 h AT LUl L R 4 i & A
EMT 2075 ; 75 41, Heise %5 255 K U 2 40 i1 7
PL15%%2 5K 77 .0.86 Hz 450 B4 22 5K 25 1F il i, 4 d
Ja KA A AT EMT 2028  ASBIF5% R F Al iz
L .0.33 Hz Y47 SR AT1% B Al S e A A SO AR 1) 5
Y52k, RN SCER IR IRER T N [R) 22 gk i B K 2 i it
T Xt 4 L R B R o T LA 109%HUBRZE 3K (R T
YA AR H BB 21 EMT 20728 . Blaauboer %5 (1)1
G FI, AL H R Y42 7k ] L gsi e il i 2
AL AR

Tschumperlin 55 5% WY, il - H L e g
FIAFIIN 25%0F, A5 T 8% ~ 12%4% 7K 0 J1 , X
SEAE PG RN K s Ml b Rz BRJRE R AR fin
37% ~ 50%H} , F24F 17% ~ 22%A= 5K 11, X Floip
PP 2 5K 23 X0 40 M BB A5 o AR S R Flexcell
Tz e ST ARSI b R A A SRR A SR 10%
F1 20% 1) A 5K 107 7 43 ) AR 3R Az BV 2% 5K RN s B
Ak, WA FEZAE K S0 BEAS-2B 4iifd EMT (1)
SO 45 SR A2 5K T LUS & A & A EMT
B, SR ANE SIS VR TRl B R 20T 2%
PR KA PN S I R AT ATtk 3, Ik A2 5K
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TR H R LHGE S ROG ARDS AT 4F 1)
AR R, A THT IE A T AL AS 5K VR FH T
SRR A B T I PRI 1T B TR T s | LA ik
oA SR B ACS ERB. S:se b5
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S S ) PR ML 2 9K 1 ) XAl iz e oA 1 5
i o {HBAZ 55 J% (1) BEAS-2B £ AR MR S AA 14
S NS A B A RSO R R
WA _E K2 4 i EMT A8 4k 7E ARDS AH Gl £F 4 1k
R T B AL

g LT, ASHESEE ST T LA AR TR S A
EMT 224k B AR SME AL, 25 L R | 2ok BEMLAR 2 5K 7]
SHUI R L AR RIS TR, (R BTAR A
FiRKF 1A, BEAS-2B 4l % 4 EMT 254k,
N LAY B Bt BE AT LA 2 s Pl S Sl il e 2
e 1) () B A ) i AR 2 AT AR L, SRt
FERUBAS S5l b f 200 B %) e A R ] B by ik —
S5 ARDS WEEFARAAIA AU BTH 71,
S 3k
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