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* [ Abstract]

Objective To investigate the effects of bradykinin ( BK) on the pro-

* liferation of rabbit corneal endothelial cells (RCECs) and the expression of tight junc-

tion-related proteins zonula occludens-1 (ZO-1) and zonula occludens-1-associated nu-
cleic-acid-binding protein (ZONAB) ,and to explore the underlying mechanisms of BK
on cell proliferation in corneal endothelium. Metheds RCECs at logarithmic growth
phase were treated with different concentrations of BK (0.01,0.1,1,10 umol - L™") BK
group,with the controls left untreated. Morphological changes of cells in each group
were examined under phase-contrast microscope,and MTT assays were used to detect
cell proliferation at 24 h,48 h,72 h,96 h after BK treatment. And,at 72 h,the expression
levels of ZO-1 and ZONAB protein were determined by Western blot. Results After 72
h of treatment,the cells in each group were fused into pieces and closely linked into a
monolayer ;but after 96 h,the growth of the cells was restricted, with the intercellular
space become larger and the cells exfoliated. Compared with the control group, BK in-
duced a significant increase of absorbance value and cell viability, and the differences
were statistically significant (all P <0. 001 ) ,and the promoting effects showed a con-
centration-dependent manner,and 1 pmol - L™' BK demonstrated the strongest regula-
tive effect (P <0.001). Western blot results showed that BK upregulated the expression
of ZO-1 and ZONAB protein in a concentration-dependent manner. Conclusion BK
can stimulate the proliferation of RCECs in a time- and concentration-dependent man-
ner,and the mechanisms are probably associated with ZO-1/ZONAB-mediated signaling

+ pathway.

[ Key words] bradykinin;rabbit corneal endothelial cells;proliferation; ZO-1;ZONAB

BH) ML MK (bradykinin, BK) a4k sh32 I8 7 5 4 IE R B am R34 28 % 3 B 55
%083 & & -1 (zonula occludens-1,Z0-1) ( F 4 s A & & -1 48 % M4 B 4
4% 8 (zonula occludens-1-associated nucleic-acid-binding protein, ZONAB) % & #) % v , #1F
o AR BK A3 A A L Je g s g VE R ALE] . ik B RARBMG AN L @mIE,
. B13EF P 4 F A 0.01.0.10.1.00.10.00 pmol - L™ BK(BK 41) , B8 20 R ¥ e 25 &b
LARAT T LI 4 IR0 T S AL AR 38 F1 K 0L, MTT kA8 ) &40 40 AR 72 24 h 48

* h.72 h.96 h 458 % (A) 15, Western blot #%| 72 h X2 m e b & FE 454 20-1 5 A

ZONAB Bty ks, ZER iy T2 h, S mlo kbR A F B FEmEE,m5 96 h 5
Bemomie k¥, R R R K, BE mARE % 5T aAart, % 0.01 wmol + L' BK
2024 h sh, AR BK &3 )5 A (A& G E /1380%, ;évri’a%:‘%fréé L (¥ A P<
, 0.001) ,F 20 th — F 49k IR #Hibk, £ 1 wmol - L™ BK 4 A % 7% (P <0.001),
Western blot 45 3 2 7~ BK T42it B F i 44k Z0-1 54 1 ZONAB Gty kL, L E— &
éﬁﬂi’«ﬁf&%ﬁ Mo E5i8 BK AR SM Rl TR B S A L P R dm AL 64 3G 2A, B R A it 1] B9 4R

Ve S AR B ALE TR Z0-1 5 ZONAB /50445 5@ 550 5 .
[9&%?.11] LMK SN )iémﬂ@;i%?iﬁ;zo-l ;ZONAB
ChES%E] R772.2
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N A BN B2 48 M2 ( corneal endothelial cells,
CECs) fHAERESI T A IR, 45 CECs A 2253 345
e T G IR L RAE M7 TR KAR IS K
BIn 38 CECs 2 RN, E AT g B MEN K E,
B FELIN . N CECs M AE 1 53
FE ML AT TR 1) 7 S0, MR B I PR Al iR 75 548 9F &
I — ek CECs HETH (187 250 58 ik . Uik
( bradykinin, BK) J& —F /KK B , & 5 KAk .
VIR I AS A B 200 0 1 B g i A I - 5 3
PR A 2 A B AT AR
FFEIE S BK RJ i F A B 1 Kz 40 B | B 2T 4k B 40
i, M5 5 40 it K. CECs 25 22 Fb £ JIE A1 56 41 it A1
T NN = R N 7 N R o o/ W N s - =
(zonula occludens-1,Z0-1) 5P &1/NF& -1 FH%
% R 45 4 78 14 ( zonula occludens-1 -associated nu-
cleic-acid binding protein, ZONAB) 1 J& T &% % £
FHOCEE 1, P A B A HIIF A 3 ZO-1/ZONAB
T I BUE ST 5 2 R A i Y 1 B o Ak A DG TR
CECs JALI €0, 38 1 1 40 i 7R A5 r 4R . oy
1) BK f #F CECs 3 M /E 2 & 5 20-1/
ZONAB {553 A O, A< BiF 5% 76 1 3 2 <7 19 44 &b
B5 9% 0 A N K2 40 Jifd ( rabbit corneal endothelial
cells, RCECs) A iy ZL 7k |, Wi 2L BK Xf RCECs 34
BRI S ) Z0-1 Fi1 ZONAB %5 [ #2315 10 5200, 9] 4
TR BK A2 i RCECs 3558 i/ FHBLEI , LU A £ JE
A SR AL R B OB k.

1 RS

1.1 Iz EZKA 50 d S RH A4, KR
it 1 ~2 kg, WEREAN PR, TCAR AR 8 Sast AL IR , e
R SR SRR IR A o i AT S IR R A L B i
TS Mt 5 IR BT 58 £ ( Association for Re-
search in Vision and Ophthalmology , ARVO) 7 5 5245
SIIAHSCHE . BK(3EE Abcam /37 ) ; DMEM (5
WiEEFREE 4 3 KR B T( 3 [E Gibeo A7) ;
TRHREBERAPUFRA 2.5 ¢ - L7 JE A EHE L
W (Trypsin, 3& [& HyClone 24 7)) s MTT 20 fid 1% 52 45 1)
& (RPPYE R A Y RHCA R A W) s BCA HH
iR em w1l ol gt S B G5 8 oA D 3 R R B
HEEPRBOR N & (P AR YR A A 5 BB
ZONAB $i/4 ( 35 [H Invitrogen /A H]) ; BT 20-1 FATE
GEPiAAR (3 [E Abcam /3 F] ) ; anti-B-actin ( 3€ [E Pro-
teintech 24 ) ) ;4 H SR (3€ [ Bio-Rad 24 ] ) 5
{88 A 22 W5 ( H A OLYMPUS AH])

1.2 7%

1.2.1 RCECs RREFSEREF RNBIRE
S50 WD i Ak 1 AR RCECs JR A 40 M, -2
i PRHE S 10 mL 23 AR e, TOE S5 T4 H
SEREARER, WA IEILIE N Z% 1 mm AEIIE BT 42 )2
FARR, /N0 KB SRR NI BRSSP G TR I PBS i e

Vo AR T B b BT GRS R L 7 i
TR T /N IS 07 )2 B PN 2 40 1 J2 3% 5, PBS i)
SO BT AEEE TR, In A DMEM 15533
(& 1.0 g« LTRIREE 1), F 37 CHIMRs 34 i
616 h J5 , {31 B AR T WSS A B 40 AR 5] | ]
ARV O B, PO AR R A B 10% fif A i T Y
DMEM 1 7% ¥ 2% 1k 31 1k, 1000 r + min ™" & 0>
5 min, 7 P35, A PBS, FEBS IEYE2 . A
3 mL K557 YR I P R A0 M B R, 2 10 x 10°
A em T R R AN T A0 MBS R, TR AR KL
5% CO, fARREE,37 CTF 5, B2 ~3 d il
— U, 5B A 22 S R T U A e A KA L 1 PR
0. YRR, A 2.5 g - L7 B A
TTIHAL,37 CHER 2 min, 5 40 g A2 5] | 8] B AR K
HPRZE B 25 55 55 MU AT, I 10 mL 53 16 25 103 79
DMEM ¥ 5% % 1k 18 1k, Y 48 40 i & i, 1000
r - min~' B0 6 min, 3F EHE, A 10 mL B3R Uk
VYL 1 ¥k ,1000 r - min”%‘/b 6 min, # F1F, i
JEIA 3 mL 15 37 A 40 g &, 4% 0.5 x 10°
A LD EERF 2 AN RN, — 2 o kAT
TARHE %

1.2.2 AFERE BK &IBHE £F 2 ~3 [CH,
AL E WS AN IR, 4% 0.5 x 107 4~ « L™ 2 fh T
24 fLtl . RPN AL EEAAS TR, RCECs FALAT A
5 21 X BR4H (RCECs AU 4b 3 ) 4 P [a] ik B
BK 2 ( 43 51 5% P 49k B 4 0. 01 ,0. 10 1. 00 ,10. 00
wmol « L™" BK AL FRANMI ) . 58 A 2% B s F
B AL [k BE BK 2] S X B8 41 78 AS [R] B [|] g
(0h.24 h 48 h.72 h .96 h) A AE K AEDFIEE
e, IR ERR

1.2.3 MTT #U % RCECs %454l 10 x 10° /~4H
M3 Fh 1 96 FLAR, Fraifi A K & 70% ~80% f A i)
KA TCMLE R A S 24 h, 305 4 FiOAS [R) vk B2 19
BK 555, Ak 5 N E AL, I i E
5 NEFL NS BXTIE AL 4 B 96 fLA, 43 B HE
AbFE24 h 48 h.72 h 96 h FFLINA 20 WL Yk H
5¢- L7 MTT 9,47 MTT 446, % i Bio-Rad Jiff
FRAAr BT 0 53 490 nm AbAIROERE (A)E.

1.2.4 Western blot #&3] ZO-1 1 ZONAB E 85 1
Rk URSE T2 h BF AR, 2.5 ¢ - L7 AR (1A
HALE B0 M pnic, R vk #ve PBS PE
A ig—k ,3000 v+ min "' B0 2 min, FF_EFR, WA
2 mL MBS IR, R T A B . 20-1 4
HEAMFEICS ZONAB #% 8 H i 42 5053 51 2 R e
I T 5 E PR ORGS0 20 BRI T HRAE
I IR B s i vk ( BCA P ik i &) #47
HE SR, X E B 1T SDS-PAGE %t
RS UK , B R AS 2E A R 21 4R A, IR R 4325 5% R g 2k
WA . BB BT &4 1 500 #yHt ZO-1
Pl .1 1 1000 fHL ZONAB Hrfk K 1 : 1000 1) 2
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Pilk B-actin —Hr 4 CHEF F &, TBST ¥k 4 K,
BFR S min, FFRREE T 10 mL % HRP #rid 9 4L
( Proteintech) (1 : 6000) tf, EE FREIKIEZGIHE 1
h, TBST 535k 3 ¥, 5K 15 min, J] ECL 7 & H =
R, Il SR 45 . LA B-actin NS, R A
Quantity One %My JK FE 43 i 6 & R BB 5
PR IR BE AT AR K (. DL E AR
H A E/ NS A SR R BTl B A5 & E A
X Rk,

1.3 SitZ4hE WS4 SPSS 17.0 k47
Bllmab . B DI £ bR 22 30K, &R HL SR
FHRA E 72501, P <0.05 NESASH¥E X,

2 #R

2.1 BK xf RCECs AR 2572 h, 4%
R O o 1 g A T € N U
M2 208, 20 (8] K 5% e B B R A 2 . T
2596 h, FAHMMILE K E MR, KINA— B A
R, EATE K ATE AR, 4 (] B AR K Bl B[] ZE
KAEKPEZMR, W EN L, RRWKE BK 415
X HE AL AR EE , 20 0T 25 TG BH I8 22 591, 40 600G B B it
R BEEE R, ARG Y BRK IKEF & 2
10 wmol « L™" A, 4 il A5 4 HF 4R 52 B, 200 ffd 7] it 72
K, V& 2R L3S 22, AR ek Ar 22 (B 1-1812)

B 1 RCECs {A4MESE 96 h BIAIMIIEAS( x 100) . A%} HE4;B:0.01 pmol - L' BK 41;C:0. 10 wmol - L™" BK 4{;D:1.00 wmol « L™' BK
#1;E:10.00 umol - L™' BK 2, B2 RCECs {A5MF3% 96 h (AN ( x 100) o A: ST IRZH;B:0. 01 pmol - L™" BK 41;C:0. 10 pmol -

L' BK 44;D:1.00 wmol - L ™' BK £H;E:10.00 wmol - L.~' BK 4

2.2 BK 3t RCECs 40k A 1B & & 58 i& J1 B &2 0
MTT #6025 5 8 7R, 5% B2 4 ,0. 01 pumol « L1
BK Zb#f 24 h 4y A (2 F G T L (P =
0.382) ;7245 BK 415 X BRZAH LL, [A]— B ] 55 (24
h 48 h.72 h 96 h) A {HZ R A FITHE X (FR P
<0.001) ;H:f,24 h 548 h 4 BK 41 A {fk BK ¥
JEREIN SN W B .72 h 596 h A fHAE 1.00
pmol - L™" BK £k & 1{#,10. 00 wmol - L™"4b BK 4
AMER AR, 24 BK #Z#81d 0. 10 wmol - L™"H,
YY) A {EAE 72 h K mi{E, 2296 h A {2 T %
e LI, BK (RSN A0 A {E T, H
B i T HGn , HA U B RN [ AR (R 1) o

2.3 BK LIiF RCECs EZiE#EA 20-1 EAWER
B AUMEREFR 72 h 4540 RCECs 41 iy 55 % % 42 4k
PIfEAE 20-1 A RE, 55X A MW, R
0.01 wmol + L™" BK £ 4h, Hifth &4 20-1 T ik
W R, ZERYEAESEITFEX(H R P<
0.05) ;0. 10 ~10.00 wmol - ™' BK 4b¥j5,Z0-1 &
Rk fE BK e BT = mss i, S0 — VR
APE(E 3) .

B3 R[EIYKEE BK 43 72 h,Z0-1 HEHRIKEL, SR
#,"P<0.05

2.4 BK iF RCECs # P} ZONAB EE B Kk
YHIEEFE 72 h 44 RCECs 4477 ZONAB % [
Feik. SXTHRAIA L, 45 BK 41 ZONAB 2 H (1)
R B, Z R BEASRITEE L (B P <
0.05);0.10 ~1.00 wmol - L™'BK 4t ¥ J5 , ZONAB
FEAR AR BK e B =i se, LA 1,00 pwmol -
L™" BK VE &m0, IR S B — 2 Ak BE A g 5
1fi 10.00 pmol - L™" BK 4b# )5 , BK {2 i ZONAB %&
#2358 AR R R s (1 4) .
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#1 AERESL. AERE BK 4 RCECs i/ A & (x%s)
AT i
a3 JnZyabHE B Al
24 h 48 h 72 h 96 h
papiisE) 0.1302 £0.014 8 0.168 4 £0.017 1 0.2958 £0.019 1 0.340 1 £0.025 5

0.01 pmol + L™" BK 21
0.10 pmol + L=" BK 4
1.00 pmol + L=" BK 21
10.00 wmol - L.~' BK 4

0.164 0 £0.022 2

0.2756 £0.031 8"
0.3635+0.026 4"
0.4459+0.021 9"

0.2504 £0.017 9*
0.3499+0.0254"
0.504 1 +£0.026 3"
0.508 4 £0.022 7"

0.396 0+0.0225"
0.5118+£0.029 1*
0.6754+0.024 8"
0.6254+0.0259"

0.429 3 £0.021 8
0.496 7 £0.022 9"
0.6345+0.018 4~
0.5689£0.0155"

TE: S X LA, P <0.001

B4 ARIWEE BK LB 72 h, BN ZONAB & [ FE X Tk, 5
XHRAL LA, © P <0.05

3 g

BK 2 8 R ik -0 K R Ge i — B, AR 43
IR A R ) TR A I 2 TR R T A T B
B, BB T RTHR (R b & 'R ) IS
SRUAEIE 23 07 A AR AT . BK KT BL
B2 Wifh a2 4, 78 = LK 18 M L S8 AE 5 - ki
i R 3 e R 4 e AR P AR R R Y
RS NS, A2-FUEL T Bl k5 B2
SAREAEAE " IR PR BK 35 IH W P T A
JRRR S A P SRR = A, 5 A A SR 3 (s
O UG08 5 S A | 2R AP 2R 45 ) th T 375 & 45 ik 2
2 B AN R s 4 B it /PR S A R -5 BK 4%
AR HRER R 0 1 RS N 45 F R A A

PRIMIFFTIESE , BK IR RESEIEZE T A R
BTHARESY % B, BK (0. 10 nmol - L™" ~10. 00 mmol -
L0 ) e B ARt 4k b 2 0 7y 1= B2 400 B 3% 5 J2 DNA
A BT N R 4 R R -1 RS R R
E2 (180 ;0. 01 ~10.00 wmol - L™'§i[H (%) BK if
BEAR IR A1 S B 2T 2 200 i % 35 S 200 it f 1 4, L3k
DR e RE IR A 56, IR T RE S 3R M A K R 2 AR
A A R B,0.01 pmol - L' BK i A
Wk CECs fsssn Tk an A 4253 2053 727 . AHF
FEFIFH 0.01 ~10.00 pmol + L' BK %} RCECs #:47
RSN, % B8 BK R {ig oF 20 B i 384 5, o HAT —
(¥ 5 55 I TR 4R 4 1 AR Mk (0. 01 ~ 1. 00
pmol + L™") BK 4b B J5 41 ity 0l B ff 4 , 'S5 4% 14 il B
J2 Y6 58 05 J 3 %, T R & BK MR JE T (10. 00
wmol « L™") SR MY 4E K (96 h LA ) , 41 ffa[a]
BRAR K, T4 A M 3% 22 | 388 16 1 i 2 B o

SRTIT, BI I 1 7 JURE 200 084 4 F) EL AR R BIL #1475
SRANHH TR SR BIF ST K B, 57 T 20 o 1) 5 8% 3 42 110
70-1/ZONAB 15 538 B 1] S5 41 i 184 5 14 o 9
BAE, 70-1 BB FE S 1, 1] ZONAB
YER— Tl Y-box & 4 B 7, 5B 500 T 40 g )
5 V4 5 20 A% 2 1], ZONAB 5@ 5 5 Z0-1 H Sre
[FUR X 3 S5 3845 4 , i ZONAB J&) FR 41 Jif Joz , #1)
1 ZONAB Je I e 5 o i DB1 19 42 1) 2 3 396 17 410 74 2
HRY 4 5E T 24 ZONAB 4b T BOR S 0, 17 F 4% A
(1 ZONAB U412 4 A 56 i D 2 1 1 40 i 4
ZO-1 5 ZONAB AHHAEHT, 3% F A2 I T
F Z0-1/ZONAB {553 " & 55 /Mg LM
JI5S | 5265 22 o 2F] 21 200 0 1) 38 B 5 2 st T
3 3t 5 PR /N Lt Fe ik ZONAB Al 4% i1 MDCK. 44 fifd
M A K 3 B, 1T ZONAB 5 410 i) DUJ R AIG 40 B A K 2%
JE' S ZONAB ik 5 Z0-1 {1k 3 1K BE 3 i oL 1+
R 28 7 A0 L 5 - o 4 1 A T B 2 4 Y )
R EG B9, 2 B G40 8 B2 /R T 5 7E N CECs,
1 5 e 20-1 %5 Z0-1 K31k, 60 % A BE
CECs %3 1 JHJ5H 1 50% , 32715 Z0-1 {35 35 AT {2
PER SN A CECs fy 85" 5 76 11 R 36 b iz 40 fd
ZONAB 5435 B 2% 1 35 40 Bt 1 33 5 JF 300 o) HL 5 43
1k, T ZONAB A% 2 3 I 40 0 384 58 06k 2, % 4 b 1
2" AW i RCECs R AME R % 31 BK A H
fEHERZ P ZONAB 85 1R 23% , [ 8 % 9% i st
70-1 R, BKEA G ,ZONAB 5 70-1 & H
AR R R U T 90 A1 94 R PR 0 s S O T R
A0 18 5

2 LRk, BK AR SNl 3T 42 #F RCECs 21 ffd 1)
$EE, [ F bR R AL Z0-1 5414 ZONAB &
FIfg 3k, F W Z0-1/ZONAB {55 i # 7l fiE 7 BK
419 RCECs 1585 Fi v ke B4, O # TP 2
AL T 5T S A 2GR YT L
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