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Abstract

e AIM. To establish the hypoxia induced endothelial -
mesenchymal transition (EndoMT) model of endothelial
cells, and to investigate the effect and mechanism of
Pirfenidone ( PFD) on inhibiting the subretinal fibrosis
progression.

e METHODS.:. Primary cultured human umbilical vein
endothelial cells (HUVEC), 4-7 passages were used for
experiments after cell identification. CoCl, induced
hypoxia to establish the transformation model of
endothelial cells into fibroblasts. CCK-8 was performed to
detect cell proliferation rate and chose the optimal drug
concentration. All cells were divided into 4 groups: control
group (FBS-free), CoCl,(200umol/L) group, CoCl,+0.3
mg/mL PFD group, CoCl, + 0.6mg/mL PFD group. The
protein expression of CD31, VE-cadherin, a-SMA, FSP1,
p- p38 and p38 were detected by Western blot. Double
immunofluorescence labeling method was used to
observe the CD31/a - SMA expression. Wound healing
assay detected the cell migration. The q-PCR was applied
to detect the mRNA levels of TGF-B1 and SNAI1.

¢ RESULTS: Compared with CoCl, group, PFD increased
cell proliferation rate and inhibited cell
significantly under hypoxia ( P<0.05). PFD decreased the
protein expression of the mesenchymal markers oc- SMA
and FSP1, and increased the protein level of the
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endothelial markers CD31 and VE - cadherin ( P<0.05).
Double immunofluorescence results showed that PFD
could reduce the expression of a-SMA and increase the
level of CD31 (P<0.05). In the process of EndoMT, the
p38 protein expression level was stable (P> 0.05). PFD
down-regulated significantly the high protein expression
of p-p38, and high mRNA expression of TGF -1 and
SNAI1 compared with control group ( P<0.05). There was
no significant difference between the 0.3 and 0.6mg/mL
PFD groups in all results above.

¢ CONCLUSION: PFD can inhibit the formation of fibrosis
in endothelial cells. TGF-B/p38MAPK signaling pathway
might be one of the mechanisms that PFD regulates
EndoMT progression. PFD will be expected to become a
potential new sight on the treatment of subretinal fibrosis.
« KEYWORDS: Pirfenidone; endothelial cell; endothelial -
mesenchymal transition; subretinal fibrosis
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A M G PR HE BE S P (age — related macular
degeneration , ARMD ) 42—t U (1) R8I B A5 P 5 g, 2
KT 50 % LA I AE AR, I 20a K, ARMD £
PR LIEH) 8.7% ', WIE ARMD J2 LA # BE X Jik 2% 5
HrAE L4 ( choroidal neovascularization, CNV ) o 35 45 25
S BT A ML 23 5 RS Y I RE Y o B B R RO 4t U
REVAR | L 28 3 T 4 A I A o0 R ) I3t 25, 400 g 7k A 1
e HBT—ERIAYT 1 Ry B AR I TR ST I N R
AT (VEGF) 225 W16 97, 30 i) sl s 2 37 A 1 48 i 12
WS I Y (EJEBEE ZIE W00 Tz N A E U5
() PR ZE A, AL D0 A £F A T I E A L H 25 8 e, A
SCHRTE HHAE CNV S5 Y I8 P 40 i A1 il 8 A2
A Akt B8 Z2 DR R AR R ) S S I JDk 288 FBEARE 0l 7 1A Bz 4l
FEAT A N B2 ML A e T O R A A A i 35
TRVE T, H P B AR P 32 0 % T 2 Ak S ] J5 24
(endothelial - to — mesenchymal transition, EndoMT) , fx £ 5
TR, TE R R H A A R B S 0l
AR T -B(TGF-B) /K F-FH &, TCF-B 2 il i
EndoMT % AE 18 i WL IR 7, R If o 23 5 1 T i 41 4E 1k
P2 i — 2 s 2R 4R AR

kAR JE i ( Pirfenidone , PFD ) & — P58 B 08 | 3% Hi &1
At/ Ny A B, RS TR SR TGF-B, I A &0
T T 24 200 M 344 R A B A S SR TR B ORI B
Kot LEF At i) — 2k 259, {H PFD J& 5 BB A% 1 28 CNV
ST 21 2 Al 1 1 Ji oo R WL, AR 5T 20 W
%% PFD X B4 5 4 B2 41 EndoMT 3 72 1) 90 1 4 F 2
B, R PFD SE 240 I 5 £F 44 i al 4714
1 RN %
1.1 EEKFIFLEE  M199 5555 3 (Gibeo ) |, Jif 4 1L 7
(BI) , P Bz 4t A 4 A7~ ( ScienCell ) |, itk 3E JE B ( Sigma ) |

CoCl,(Sigma) , CCK-8 (‘& 3£ 5) , Trizol ( Invitrogen ) , I %
&1 PCR X7 £ (TaKaRa) ,PCR 51¥) (4= T.) ,BCA &1
IR & OB RE) o LUK AX, HLFE AR & 564X (Bio -
Rad) , SEHF 986 5E 5 PCR X (Step One Plus) ; 9¢ 6 A% i
W (Zeiss) o

1.2 /%

1.2.1 B AR 880k W B 4188 (HUVECs ) /5 B R 1 5
B A T 04 22 28 8 K5 IR IS B 10 72 R IE ) e
PR AR LG S 24 25 ~30em, B T IC AR AR i
iz, ARWFIEER AR B 3815 P8 2 58 0 K AE A IR R Bl At
P A HHE] No. (2019) 188 -5 (021) 5 ], FEMB %
B KT PBS 28 Wi S 52 i e e Mok P 388 LA I 2 9 i
He R AR  TINE 37°C 1 0. 1% 1 AU 5 10mL #E A
Ji e K P S BT S 3 L 37°C T 4K 10min , 35 18] AS I 3t 5%
Sl R T 7 70 2 e Fk P B T A &5 B Il
LR BB DN, 1T 800xg B0 Smin 15 2 fif # Ik
N B2, AT 20% Jif 48 LY 1) M199 K% 3% 3 k4T IR
SRR TR, BT 37°C 5% CO, 41 i 1% 346 N 55 53
24h JE¥R W, FE N A0 AR K AL A = 80% ~ 90% B,
0. 05% R FIBEE AL 18, 4 vWEF R 7 Bt RS2 56 % %8
A o0 B il , VESE 4~ 7 IRA L T L5256
1.2. 2[R HUVECs ¥& HJZEZOLEkil vWF -+t
JR, B AN S R T S KR 1 24 FLiR, A K
B2 50% 5, PBS 2 P VRS A 4% 22 5 H [ vk I [
7E 30min, PBS ZZ M P S5 N A 0. 1% Triton — X100 #
T, ZE A 20min , /AR LT = W E A 1h AR BTA
vWF K FHiAK ( Abcam, ab154193, 1:300) ,4°C 1t 7%, F- 0
A 488nm PIEEARIC - PU BT (CST, #4412, 1:800)
FIRIFE 1h, DAPL % IR AEHH 20min 5 , 7596 308 W
ZEIFHARE,

1. 2.3 CCK-8 At M4 patEsEiE 1 K a4l i AL 100pL
PSR T 96 fLAk i ARYE S5 SCHR [ 7 ] AR BE B B, 1
2B, BE IS AN TH) ¥ B PFD (0,0.01.,0.1.,0.3.0.6,
0. 9mg/mL) B CoCl,(0.25.50 100,200,400 ,800wmol/L) ,
53 B AN E I ] (12,24 48h) 7, BEALANA 10ul CCK-8
TAEW, B FRA RS 4h, U 5 00 2 45 FLAE 450nm 4 1)
W SERE (OD) A, T A A 3G 58 R A0 L FE R = (0D g —
FAE BT A]

1.2, 4 R E K ANMEBENL N 4 4. (1) IEH X IRAL .
AN CoCl, F1 PFD 1Y JC Il i Hs 5% 4k 15 75 40 g 24h; (2)
CoCL AR . & 200wmol/ L CoCL, f4 G Il 375 15 77 KL 15 3% 4H
Jit 24h; (3) CoCL, +IH BE PFD 41 . % 0. 3mg/mL PFD [
My s 77 5 WAL 2 th, B A & 200pmol/L CoCl, il
0. 3mg/mL PFD f4JC Ifil 1 1% 37 R 3L [7) 175 35 40 i 24h; (4)
CoCl,+E ¥ PFD 4H . 7% 0. 6mg/mL PFD f4 JC IfiL 775 35 97 3
AL 1h, F % 200wmol/L CoCl, Fl 0. 6mg/ml. PFD )
TC MR B 7% 2 3 (W) 4% 572 4 M 24h, WS 40 M H T )5 22
1.2.5 Western blot LM EQRHEMNRKRIEZE  WE
AN, 42 B A B 1, BCA 3R 5 R MR
5 FREZ IR A 5 SR & 10min, 18 I Y 0k I B i
(SDS—-PAGE) Hr e 3k , i FIVR A% B s S A R B 2

205



EfRIRRIRE 202128 £21% F£2#
815 :029- 82245172 85263940

http://ies.ijo.cn
BB {5%8:10.2000@ 163.com

C

merge

B 1 JFE/HUVEC AR ARLEE A G (x40) ;BB (x100) ;C.vWF FF3568 8 ( x200) ,

5 PVDF B I 5% s 2 = iR B 1h, #c IR H AR
2T 2BE, 2 A R pr 4 CD31( Santa Cruz,
sc — 376764, 1 : 500 ) . VE — cadherin ( Abcam, ab33168,
Lwg/mL) , £F 4 40 Jfd b5 & ) o — SMA ( Abcam, ab5694
lwg/mL) FSP1( Abcam,ab197896,1:1000) , i % [H 7 p—
p38( ABclonal, APO057, 1:1000) . p38 ( ABclonal, A4771,
1:1000) A1 ¥ 2 GAPDH ( Proteintech, 60004 — 1 - lg,
1 :25000) HL A, 4°C 1 %%, TBST ¥k M55 43 5 A 253 f
( Elabscience ,E-AB-1003,1:3000) . =471 il ( Elabscience,
E-AB-1001,1:3000) —¥t, Z# M F 1h, YL M A ECL
ETRGRI IS e

1. 2. 6 MM GRERAIEZRNEAREER M
ML) Fh T 54 JCE C Y 24 FLAR 0 BE 5 4% 26 43 )
TR 25 W #4711, 24h 5 4% 2 % WK | & 2
30min, PBS ZZ R VRIS A 0. 1% Triton—X100 A , %
TR 20min , /N4 I35 25 HR B 1h, 3% 0 BB L CD31
( Abcam, ab24590, 1: 150 ) Fl 4 T A o — SMA ( Abcam,
ab5694,1: 100) TR G HUIA, 4°C 1L 1%, Ve S5 4 ) i Jn i
XF I Y 594nm ( Proteintech , SA0O0013 -3, 1:250) £ 488nm
(CST,#4412,1:800) 6 —Ht, M ERIE T 1h, Wk )E
DAPI #EG Y5 20min, PRIRSEE R, B FHAIBRILEE

1.2. 7 MR RIIR L6 =M AR TR B TS AE 7S FLAR
RN TTRARAER A= [0 iR vl Raw e s e { W g =
200w L 3 3 BT 8 7 4R 1 RIR 45 B 0 4 4 S i A AR
N 2P AT, AL FRR G 0.24h 76 Bl T WALt
M, 4HME RS 3 = (Oh QIR FE B -24h RJRFEE] ) /0h X
JRIEIx100%

1.2.8 LM EE q-PCR &l mMRNA &8 #& 104
PEATHEE F% T 1005 W4 40 Mg, {5 A Trizol 125 45 HC4H Mg 44
RNA, 73 6B T e 40 58 Rk i /5, 30055 % ¢DNA, 2R
FH 20uL /K R FEAT P3G, PCR I 4% 14 4 - 94°C 19 4% ik
2min, 1 &, 94°C 78 P 20s, 60°C 3B K 30s, 72°C FiE fif
20s, S 40 Ik, TGF-B1 5|¥)JF51 .5 -CAGCAACAATT
CCTGGCGATA-3,5 - GCTAAGGCGAAAGCCCTCAAT -3,
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SNAIL 5| ¥ J¥ %1 . 5 -~ TCGGAAGCCTAACTACAGCGA - 3’
5~ AGATGAGCATTGGCAGCGAG - 3°; B —actin 5| ¥ ¥ %1 .
5'-TTTGAATGATGAGCCTTCGTCCCC-3’,5~GGTCTCAAG
TCAGTGTACAGGTAAGC-3", J I 45 5 J5 MR 905 1 338 i £&
SEOE R 27 B A BARSE R I AR G Rk i

Bt AT ARSI M T 2 B R SPSS 25. 0 3K
AT, A SEER I E R 3 Wk, TR B bR 2=
FR A HZ A1 B BCR FH B 3R 5 22 40 B, PR L AR
FH 1LSD—: K556, P<0.05 NZESEASIEE L,
28R
2.1 E{X HUVECs HRa%E 0 24h J7, 5 Tl WLy
B 2R RE | SRR sl DR S0 BLiE M, 56 4~ 6d, N2
A B 2 A A R, HED % 10 0 S B R (1)l ¢
GUAEHE(E 1A IB) . 2 WA T mT UL PN B 40 e i S 9
PIA Se AR I SR A5 BERH N vWF 4775 T 41 i
WL IERT | 3R 7 2 85 HUVECs 40 M 8 3, H. 4l B w3k
95% V) I W FIa2esesm (K 1)
2.2 AERE CoCl,#1 PFD X HUVECs BY1& 7 & 1 840
i 356 CoCl, 175 T e 4 A 37 2T A A AR AU 1) 5 AR 1 FH s 1) e
BE, S5HME 2A FioR, B & CoCl, A B[] AN ik BE (1) 3
TN, 200 B AR A B R B R [, 24h I 4% 41 400 R B B4 B 1
YIHE 50% 2247, % IR 4H 25,50, 100 . 200,400 . 800 wmol/L
CoCl,ZH /Y 3 58 53 53 4 (100£0) % , (83.48+9.11)% .
(79.52+10.00)% . (69.72+11.78) % . (59.05+7.40) % .
(44.75+10.69)% . (38.17+4.97) % , &% H 2 [0 22 FH 4
T4 L (F=39.52,P<0.01) , S5XIHEZAH L, 100,200,
400 .800pmol/L 4 2= 7 A4 G it 2 B X (1 =6.298 ,13.56
12.66 .30.54 34 P<0.001) , F /] CoCl, 2 T3 2P B 4 Al sk
ARG A R, B — 8 0 MR K. 200 wmol/L
CoCl, T-THAH A 24h J5 35 58 R B% KT 50% , A< 52 45 i ]
200mol/ L CoCl, I3 4 it 24h #7241 i sE Y

e PFD e iRy I R AN B, 25 R an &l 2B i,
ASTRIESF [ AN [R] v B8 PFD 414391 5 %) R 41 . DMSO 414 L,
NG T R IEAR N Z R (F, =0. 418 ,F,, =0.289 F,, =
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A15 1.51 1.57
¥ 1.0 ¥ 1.04 1.0
= Lo 2 = =
§0.5- = %o.s-
0.0 Q S O Q Q Q S O Q Q 0.07 ) Q S O Q Q
@@@@@@@@ & ® S &\&fﬁ’mb@@@@
T CoCl,(umol/L)X12h ¥ CoCl,(umol/L)X24h CoCl,(umol/L)X48h
Bi1s 1.57 1.57
1.0 T
= 0.57
@% \@O 09\ o o7 o° o &‘.%’ ° 0.0\ NN RN &‘.%’ Q%O Q.Q\ RN NN
P Q DT Q BT Q
PFD(mg/mL)x12h PFD(mg/mL)X24h PFD(mg/mL)x48h
G 1.5
3 1.04
=
i;_l_\:
§ 0.54
0.0
PFD(mg/mL) 0 0 0.01 0.1 0.3 0.6 0.9
CoCl,(200umol/L) - + 0+ o+ o+ o+ 4+
B2 CoCl,#1 PFD Xt Kz ARSI R AR A . CoCL X 4L F 5L (* P<0. 05, P<0. 01 vs XFIRAL) ; B PFD X 41 g 34 71 %

HISZI 5 C . PFD %S 4 T 2 L5 22 1) 520 (" P<0. 01 vs %84 ;9 P<0. 01 vs BRAEGEL]) .

0.240,3 P>0.05) , & W ffi F DMSO % ffit PFD KN4 774
0 M 75 1, EL B Al ] PFD R 2 X P Bz 40 i 3 A 7 AR
AL

ANTA ik B2 PFD il 4k BE N B2 48 B 1h S5, FROA
200pmol/L CoCl, , feff JH: 3 [m] = 751 ] 3% 240 B 24h, 25 2R 4n
l 2CHR X BT a4 20 ,0.01,0.1,0.3,0.6,0.9mg/mL
PFD £ 4 Jifg 384 4 2R 43 551 4 (100+£0) % ., (60. 81+5.23) % ,
(59.4+£5.90)% . (60.81+7.23)%  (72.45£6.30)% .
(75.85+6.21)% . (79.7+4.94) % , % FH it ¥ = X
(F=13.1,P<0.001) , 5%} B4 A0 Lb , 2ol e 420 20 40 g 8
FHRREAR (1= 13.8,P<0.001) ; 5 Baaf 4 40 A L, &
0.3.0.6.0. 9mg/mL. PFD I ¥ 1 Ak B J 41 At 354 8 % B &)
W, 22 R AH G X (1=3.478 4. 534 6. 427, %) P<
0.01), #J5 & 52 56 fff Fl 200pmmol/L  CoCl, FI 0.3,
0. 6mg/mL PFD Jt:[a]+ T4 fifd
2.3 PFD MR EF S H) EndoMT T2 h 4ABEE R 88 Y
BN 5 2 A0 RS R 5 0 (100+5.34) %, (332. 63+
10.37) % . (183.97+13.27) % . (204.75+9.40) % , 2% K
Gt FE L (F=129.4,P<0.001) . 1F % X R 40 i IE 2
FUN] 240 J5 X0 S8 5560 AThiE T AT UL 5 CoCl, A A 41
YRR T X TE 24h B EEAS T % | 4 AR ) R IX BT %
RS, AR KRBT AT AR 48 £ 5 CoCL, LA 4] 5 1F
O RRLEAR LL , BREUS PY R A0 AT RS RE 38 Jn (¢ = 38. 87,
P=0.0007) , Zefilufk B ul v B PFD ¥ W AL B )5 TR
AN TE S HE CoCl, 158 R0 20 i 38 | 19 20 1) 440 ff 3 6 % 22
SIG I X (1=3.369,P=0.078) , {H 5 # A1 44 X} He

TR I B/ (¢ = 88.41.16.29, 34 P<0.01) , EH
PFD ] 415l SR S0 P B 40 M 32 s i 35 AE T (181 3)
2.4 PFD MR EFESH EndoMT ERR P RIFEVWEAR
mRNA FER M PFD A #ll ] EndoMT 3 72 5 [a] 57 41
MbRR R B FAR T N 2 AR R R A RIs . 5§
1EH X BRE AR HE , CoCL A5 R 2H 41 L 1Y) o —SMA (FSP1 ) 2
A K B3 FF 5 (1=5.328.4.706, ¥ P<0.05),
CD31,VE-cadherin [ 8 H &k KRR (¢ =6.379.5.78,
] P<0.05) ;5 CoCl, B I 20 oA AR BE PFD 20 11 5 vk
B PFD £ 3% £ 5 2 3 ] o —SMA . FSP1 (19 25 1323k, fifi
CD31 VE-cadherin ) [ 3R KA 4R — A5 i 19 7K F-
(] P<0.05) HAL 2R TGI8 L (4 P>0.05) , W
K4 21,

PFD Al 40| EndoMT 52 72 v % 55 IR 7 B 38 3% K 1 Y
Fik, SIEHXIRA ML, CoCL B RIZH  p-p38 BEER 1L
B IPE (1=7.382,P<0.05) , & & ik B PFD T ¥
Ji ,p-p38 4K [ A B IR Ak L R A (0 = 4. 667 9. 392,
P<0.05) ,p38 B FEAZE(P>0.05) K 5A 5B,3F% 1,

q-PCR 25645 7R, CoCL MBI ZH 40 Jfd b TGF-B1
B S 7 SNAIL mRNA & 8 0E 5 6 A P BT (e =
14.46.9. 89, P<0.05) ; 55 CoCL #5741 A b, 1K ¥k 3£ Al
i FE PFD ZH fig B 2 410 ) TGF - B1, %% 5% A F SNAIL
mRNA 5% (34 P<0.05) , HW4L A 2 F LG5 1% 2 X
(¥ P>0.05) , WL 2, & 5C,

A1 G g2 9 AU K I 235 2 Bl /s, 25 A1 4 i CD31 Al
a-SMA WRIEZ R BA G L (F=105.6,33.42, %)
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CoCl B4

A IE 7 %) [

Oh

24h

Gt ¥ (X Qﬁ“ }%}\@'

40) 1 B 4 41T RS % A5 AT P<0. 01 1

i
B 15 1.5 § 1.59
S A~ =
A < & #
N < = 1.0 = 1.01
& & & " =
0\,\% ‘X}// %;@‘ /:i\ﬂ- E {0
@\Qf‘ R \x\ & il e
% ) O A\ = 0.54
& 000 S o°0 }g;mo.s 5 0.5
a ©
CD31 " s S— — ©0.0 EO'O-
3 >
VE-cadherin - -
‘ [ﬂlﬂﬂ 1.5 a mlﬂﬂ{ 2.5
«-sMA [ - e i c My T
— ® 2 T ®
- =
- R o e
o <
: ’ . " E 05 ﬁ 1.0
< h
0.5
GAPDH —— — — z %
I 118
R S-S TS e o
%\&‘f‘ yg}}‘,}” 0\120»& 0\5 g 2 «;@’ %‘}/W/ o\:}(()’ N Qd)%y
S o A 2 [e)
& o7 gF O & o0 4 oF
© N © S

4 PFD X8R EGFTHEAM EndoMT id B EXREEARIEEN M A NEZAMARER T (CD31, VE-cadherin ) Fl[H] 5T
AR F (a—SMA FSP1) AYEE k8 I 2570 5 B . 545 i I8 7 2 A R IR BB AT . P<0. 05 vs 1EH X HBAL ;°P<0. 05 vs CoCl, 5
HIZH

x1 &AM IH CD31,VE-cadherin,a-SMA FSP1,p-p38 #1 p38 & A & Ik E{E xES
45 CD31 VE-cadherin a—-SMA FSP1 p-p38 p38
1E ) R ZH 0. 34+0. 01 0. 82+0. 09 0. 45+0. 04 0. 69+0. 03 0.21+0. 06 0.72+0. 04
CoCl, BRI ZH 0.27+0. 03" 0.4120. 15° 0.59+0.11° 1.28+0. 05° 0.28+0.01" 0.82+0. 11
CoCl, +ilik &£ PFD 41 0.320. 05° 0. 64=0. 04° 0. 49+0. 08 0. 88=0. 06° 0.230. 03° 0.75+0. 08
CoCl, +fik ¥k & PFD 41 0.33+0. 02° 0. 65£0. 07° 0. 50£0. 05° 0. 890. 07° 0.250. 05° 0. 76+0. 03
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