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(FE] BE I SCRHER S 7 F2 (FoxF2) Xf /N W 4 M 40 38 i Rk R . Ak K
F& NHR/NZE P 20 s (HTMCs ) 432 Scramble XJ R ZH Fl FoxF2 /)N ¢ RNA (shRNA) 26, # 7 FoxF2 & 41 T4
& FoxF2 shRNA i Fi| FoxF2 shRNA 18 35 5 [k & s HTMCs , 3% Fi] Western blot 3 K il FoxF2 shRNA (14 & %54
H A S L T (ECM) 85 (9 R8240, Bl Transwell 7150 5250 43 B HTMCs YRR T, &R (KIME
FEHY HTMCs 2 KBIE A KIRE RIF LS5 HTMCs JE R =R 1E . FoxF2 shRNA 20 FoxF2 £ [ A Xt 3% i
54 0.72+0. 02, .3 ik T Scramble X BB ZH 1% 1.27+0.05, % F A it 25 X (1=16.68,P<0.01), FoxF2
shRNA L% H (FN) T B FEHE (COL T ) o i JLALSN E H («-SMA ) HIXT Rk & 53 5 4 0.43+
0.03.0.53+0. 08 F1 0. 86£0. 15, 8 F X T Scramble X} R4 ) 0. 87£0. 04 1. 66+0. 06 Fl 1.73+0. 13, 25 44
Giit2E 7 X (1=15.08.18.81.7. 50,3 P<0.01) . FoxF2 shRNA Z1 HTMCs [ iF B 55 117.30+11. 41, g %
fIlXF Scramble Xf B4 1 251.00+10. 37 , 22 RA G124 L (1=8.72,P<0.01) .  &5i& 2 il & 7T 5= M il
filk HTMCs PJPE FoxF2 35 1Y FoxF2 shRNA Ji 5 , JFIE 52 FoxF2 T4 %F HTMCs o ECM 1) & 3k B 20 Jifl i %
HAMHEN.
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[ Abstract] Objective To explore the role of forkhead box F2 ( FoxF2) in the extracellular matrix of
trabecular meshwork. ~ Methods  The cultured human trabecular meshwork cells ( HTMCs) were divided into
Scramble control group and FoxF2 small hairpin RNA (shRNA) group,then FoxF2 shRNA |, the FoxF2 restructuring
interference carrier was built, HTMCs were infected with FoxF2 shRNA lentivirus. Western blot assay was used to
detect the expression of FoxF2 protein and extracellular matrix. Furthermore , Transwell counting experiment was used
to analyze the migration ability of HTMCs.  Results The cultured HTMCs grew well and showed a long spindle
shape. The growth status of HTMCs was well,and their morphological characteristics were consistent with the HTMCs
in vivo. The relative expression level of FoxF2 protein in the FoxF2 shRNA group was lower than that in the Scramble
control group, with a significant difference between them (0.72+0.02 »s. 1.27+0.05;:=16.68,P<0.01). The

relative expression level of fibronectin ( FN) , collagen type I (COL I ) and a-smooth muscle actin (a@-SMA) were
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0.43+0.03,0.53+0. 08 and 0. 86+0. 15 in the FoxF2 shRNA group,and 0. 87+0. 04,1. 66+0. 06 and 1. 73+0. 13 in
the Scramble control group,respectively,the relative expression levels of FN,COL [ and a-SMA in the FoxF2 shRNA
group were significantly lower than those in the Scramble control group (¢=15.08,18.81,7.50,all at P<0.01). The
migration number of HTMCs in the FoxF2 shRNA group was significantly lower than that in the Scramble control group
(117.30+11.41 vs. 251.00+10.37;:=8.72,P<0.01). Conclusions The FoxF2 shRNA lentivirus are successfully
constructed ,which can decrease the expression of FoxF2 in HTMCs. Low expression of FoxF2 can reduce the expression
level of extracellular matrix protein in HTMCs and inhibit the migration ability of HTMCs.

[Key words] Forkhead box F2; Trabecular meshwork cells; Extracellular matrix; Primary open angle
glaucoma
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J5 % M JF M B H O R ( primary open angle
glaucoma, POAG ) J& —Fft th T 4Rp AL P L 1 22 400 5 , e ¢
TE AL B, H R BOE IR . & R A S| R B
B 7K A0 B i i 25009 8 31 R R T O H T A A
POAG % i 3 22 J5UIA, v LA/ 5% R g 7K A 36 2%
i, P ZKHE R BEL T 3, BT S R B IR I B T Oy 32
PIZE o /NG S /I 332 A4 e O B /0 R A B A
B PO bR 445 4, e 3 P R 510 i B K, ] RE )
S N SN N = B S TR N~ S 1 < 0 e S T - =
(extracellular matrix , ECM ) f{) i 23 F0 & 18 B 22 52 0 )
MR A /N7 A, O AN ECM R 4 £
KGR R G IE 0 B A IR SO E B SR R
(forkhead box, Fox) j& — & 3 IR ig / 3 3k 1Y 5 53¢ A 1~ 9
WRIE, TEN R A F R bR A OC B R Y o AR
™. FoxF2 2R Fox SR Y 2 R 2 —, Jy [A]
Jo e s R, e B BRH QR R 18] 5T b ke S R Gk, 2 5 A
P b B ) Jot 22 18] 64 FH EL 36 A O e R L 28U S, 5 3h
2B R B SR LA R IR Y R RO
WFIE R B, FoxF2 1 3235 1 2 5 40 Jf A1 35 5 R I 1
VL ULER FoxF2 J T A1 MR 1) T ECM (R 23k T e,
T RCER T FoxF2 JEP Y /N BT BE S Bl & & A B
WAL TR IV R e J5 f g/ o AR FoxF2 7 RS
HLURE LA R R A 0 R i ok A v A B F 5 A e
AARIE . PIIL, A B 58 0L 7 R I8 FoxF2 /& Sk
RNA (small hairpin RNA, shRNA ) f8 A HR /)N 32 ) 41 fifg
B, JF 8 i wCR N R /N 22 ) 4 i (human trabecular
meshwork cells, HTMCs) Ht FoxF2 (1) %% 15 , % I jtg #p 5t
JEE H A HTMCs 3 % 1 22 4, #R 17 FoxF2 7 /)N 52 1)
ECM FigfE .

1 M#EFE

L1tk
111 NERAAMRTE  HTMCs iy R HE R R 2 IR

PHEE B TE i T B 2 1% 3 ~4 A .

1.2 F2ElH BFmil HFHR/ER(GERE
Gibco 24 7)) s L FoxI2 $7 14 (ab198283)  Hii £F 3% H 1
(fibronectin, FN) $T f& (ab2413) i IR HE [ 1
(collagen T ,COL T ) Hiik (ab34710) Bt o F 45 HLIL
& 4 ( a-smooth muscle actin, «-SMA ) Fi {K
(ab5694) (11 EH10 1 [gG H&L(HRP) (ab6721) ( 35 [H
Abcam 24 7)) ; PVDF i Ap27 & 56k (36 [ Millipore 24
Al ) ;18K 7 3R 1K pHB-U6-MCS-ZsGreen-Puro , pHB-U6-
MCS-ZsGreen-Puro-Scramble Jii %7 . HEK293FT 4f Jif .
psPAX2 Jii K, pMD2G J5i K7 | polybrene (I i ¥ 16 24
w] ) ; Transwell /N= (3£ [E Coming A H])

1.2 Fik

1.2.1 #fiss 5 598041 #% HTMCs #M T
T25 4 M55 3 B i 53 280 0. 1% WA I T e i
JE A A PR B B 10% i 4 1L W (9 DEME K5 3%
e KRR FRROICE T 37 C CE R E 5% CO Ry A0
Jio X% 352 F6 h 85 9% . W 40 B 43 O Scramble X B 40 il
FoxF2 shRNA 2{ .

1.2.2 M FoxF2 T4 T4 #i{& FoxF2 shRNA 8
E FoxF2 % B vE T # %) 5° -GAGAGCGTCTGTCAG
GATATTA-3" JEA7H N A9 519045 i, B B0 8 19 51 P 3B
KBLEE Oligo J3 31 Jf 3% 4% A 48 BamHI/EcoRT XU i
Y1 J5 1) £k 1k ) pHB-U6-MCS-ZsGreen-Puro RNA
PR, % BAR & CMV R 3 7 45 19 ZsGreen
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B ik K PGK J5 3l 1 )3 3l i) Puro Ht P 2 N 3R 5K,
o 3 8 ) S Ok BBCBR R T YR B AL Tk A I A )
PEAT DU 55 GE, 60 5 56 E D 6 1Y v B AT 2l B
Jo R it 4

1.2.3 1805 o ok i d L 180w AR
FoxF2 shRNA F4# By ik pSPAX2 . pMD2G 43 31| ik 41
AT N R R R R, BARZOR O R R T
1 g/l Ay 76 1.7 ~ 1.8 (Y JC N B K UKL J7 Al . H
TG S B 4, BERD 293T 400 T B 42 100 mm 2
Ji 85 5 L vh 5 40 BV 5 35 3 70% ~ 80% AT 5% gk
TR R R AL R R R pSPAX2 10 pg . pMD2G
5 g . FoxF2 shRNAT Jfiki 10 wg &% Lipofiter™ 75 pl, &
AW I ERFE 20 min J5 KR A B3R R
A M AT HEK293FT 40 . 40 i35 3546 N
Bi 356 h, KBR &4 LipoFiter "-DNA JURI R . B4 &5
10% Jifa 4 135 0 5 08 58 A R R 0k Ak e B 95 . B
48 hift 805 B E 35 B, 4 100 mm K5 7 0L A i) 15 77 5 43
A 50 ml BC A b VR S SR LRSS S b B0
DLW 0 B4 B TS e, B S #b A 10 ml 35 10% Jif 2R IfiL
BB T G SR PR B T 37 C 5% CO, Ry H IR I
TR P RS EESR B YL )S 72 h ¥ 100 mm B S LA ()
B AR BRI S50 ml B0 b [a) R T S R L BE R 22
RSB 08 T, LB AN B Y. I S0 ml B0
YR IR EIE 4 °C 2000 xg B0 10 min, 2B 40 i
WA AR G AR 5 Rl LIS B T s 0,
4°C 82700xg B .L> 120 min, ¥ 75 F| 19 2x10° TU/ml
o T N A A B T80 CuKAE R AT
1.2.4 (B8 RY HTMCs  FiSe#:Fh 1.4x10° /4L
HTMCs Z 24 fL A A, 8 240 i A K B ) 42 4l 76 12 ~
18 hilL 5 iK% 50% ~60% 2 ‘B, S £& s 4 i 19 J e 2%
70 IR A M T 5L 45 T 500 pl polybrene fifi JL2¢ 5T
R E N AL 6 ng/ml, %R E 30 min J5 WK BR  57
e BALHINA 250 pl FoxF2 shRNA 18 95 55 W , % I i
B4 hfETEBUA Ky 57 3k 09 SE Al 1 B M 5T 4 R R O
5T AL 500 pl, BF24 hife il 1 1K, 48 hife il 5 T 5
BB T W TIF I R 18 e B A L o

1.2.5 Western blot 3451 HTMCs Az 40 g 4 31 5 &
AL B EYY Scramble/FoxF2 shRNA (1) HTMCs
AR 3 ~4 d ISR AT B R L, B T80 Tl
IR VKA PR A7, 8 %% 2 1 ok B, ) 4% A & E AT SDS B
JBE L Uk 2 B : 300 mA E Y FE 3 b3S A v E R B AT T b
JE A FoxF2 HiifA& (1:1000) FN 47 {£& (1:500) ,COL
[ HiAR(1:1000) .a-SMA HT{A (1:1000) 7 F i3 % 5
PBST = i & 3 ¥, K 10 min, Jf 74 C I F —#1

(HRP Fric iy th 4tk 1gG,1:5000)2 hj5 PBST ¥ 3
U, B 10 min, J5 5 T W % 4022 KOG HET I R 18O
EEE A 3 W M Image J(1.49v JRAS) 1 1F X
Western blot £ R A7 4k 3 #r, LA GAPDH Sy N 2 it
A& B R AR AR R BE A
1.2.6  Transwell 4 fliT % G50 4 00 4 M iE % % #%
A3 R 235 Scramble F1 FoxF2 shRNA ) HTMCs #E17 74
o, G W (5 VB, F I v B 3Rk DL 1. 5 %107 4>
AL EFR T Transwell /NE FZE AN, T2 10% 72 1l
T A B I 4k, 37 °C 4 g 85 77 46 h B 3710 h)F W /v
24 FLAR N WA, A 28 4 /N 2 T 3 T 200 2 B A
[t 7340 4% 22 R WV RE ] 52 Transwell /IN%S T S 18 40 i
15 min J5 Dulbecco #f fig £h 2% w #& ( Dulbecco ~ s
phosphate buffered saline, DPBS) %t 3 &, Ji i 43 %X
0. 1% &5 & 5 Je (4 (JiU 73 %0 0. 9% NaCl 3% 980 B )
et 25 min J5 DPBS ¥ 3 W, ¥/ E T, R E R
IR ¥ /NE R T S 7 rh YR e B IR 3
MEAL AL RS 3 K. #E BB N, 4
I 6 ~8 NS LI EUNE IR T E W&
(9 0, B Ay 2 AR AT S 1 400 P
1.3 Siib2eirik

K SPSS 19. 0 Geit s F kA geit ot . it &
PR B 28 Shapiro-Wilk &5 56 91E 52 & 1E 2570 i , 4
Levene £y 35 iiF 55 75 22 57 M, DL mean+SD £/ ,2 4
THE BERHECHE 1 L R TS BEAS ¢ K 3, P<O0.05
NEFAGIFE L

2 #R

2.1 HTMCs [YIE &% K A5

HTMCs &3l 85 58 5 W BE A K, o A ¥ 5) , B KR
B AERRES R JESFFA HIMCs JESFFE A K
REIIESREE 1),
2.2 @A ARG HTMCs

HTMCs 2 8,6 % 0 9¢ 6 1Y FoxF2 shRNA 8 5 7%
L 5 R AU T 2 a8 9, HTMCs &L J5
DAPT Je i 5 €8, DAPT 4t 8 5 4 5,5 G |81 7 A 5. &
CIN SR R S TN - sk Rl S ¢ B
HTMCs 4 g (& 2)
2.3 FoxF2 shRNA B &R 46

1895 B B YL T, FoxF2 shRNA 2 FoxF2 & [ £ ik
K B ZE K F Scramble X} F& 2H ( & 3A), FoxF2
shRNA 2 FoxF2 & [t X £ ik &0 0.72+0.02, B &
{&F Scramble X} HEAIAY 1.27+0.05, Z F BRI % &
X (t=16.68,P<0.01) (& 3B),
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200 pm.
- —a

HTMCs B 35 2 W2 (x40, $r R =500 wm)

A1
B(x100, b R =200 pm)
TREEAM MR E C:DAPT Yot 5 4% (052 % & i A B & I H 38 7 B 30 %

0.5

FoxF2 5 [ A% ek

B/

0.0

1 2
A: Western blot i £ Wl 18 455 35
JRYL )T FoxF2 R AR ILHIKIE B # B )5 FoxF2 (AR %
A 5 Scramble X AL HLHK, *P<0. 01 (S SZAEAS ¢« K556, n=

& 3 FoxF2 shRNA iR £ i

3)
T F2

1:Scramble %f B 20  2:FoxF2 shRNA 2 FoxF2. X L HEHE 5 [

2.4 FoxF2 shRNA X HTMCs £ g 4 3 5 2 11 %6 1K 14
Al

Western blot #8455 B /R, Y4 5 FoxF2 shRNA
2 HTMCs g #p R i 25 14 FN . COL | | a-SMA kK
FIK T Scramble X HRZH (K] 4A) , FoxF2 shRNA 2
FN.COL T Hl a-SMA 2 H A & 3K 5 57 53l Oy 0.43 =
0.03.0.53+0.08 #10.86+0. 15, it Z Ik F Scramble X}
BB 0.87+0.04 1. 66+0. 06 F1 1.73+0. 13, % F 14
&% 3 X (1=15.08,18.81.7.50, ¥ P<0.01)
(4B ~D),
2.5 Scramble 8% FoxF2 shRNA

1% 9% B0 5 HTMCs SE 7% e e
L R, T W e,
FoxF2 shRNA #] HTMCs S ’n}' ‘!\..!5'
L% 41 Hd %5 W] 2./ T Scramble e .?9 : f"g'.';c- 2
XHHRAL (I SALB) . 2 kA B ke 379 oA |
2k B 7R, FoxF2 shRNA 4] ST At

o

P
0
B 5 Scramble 3 FoxF2 shRNA
TR A L% (HE x100, 45 R =200

HTMCs BiE#% 8 a 2 117,30+
11. 41, 1 & T Scramble X i
4111 251.00£10. 37, £ R A 5
HeE L (1=8.72,P<0.01)
(E'5).

T &Yt Scramble J5 HTMCs & 4 5 19 41 je % ( HE x 100, b5 ) =200 pm)
5 Scramble Xf MR ZH HL %5, *P<0. 01 (fSr #E A ¢ K38, n=3)
FoxF2 shRNA 241 HTMCs: A HR /N %2 % 41 fifd

i AL LA

200 wm
e

HTMCs WhBEA & A0 A3 5] R KRIRE B RCRE R B2 BREFEKEBRHIMCs
A% FoxF2 shRNA 185 % SR QL 9 HTMCs S 4¢ 59850 B:FoxF2 shRNA 1855 % 50k B L J5 28 DAPI e 5 HTMCs,

200 um
it

1 2
FNh_

COL 1 - G

o -

caron [ @
20 20
= iz
g )
L w15
= =
% T Lo
2 7
3 ®
0.0
1 2 1 2

El4 FoxF2 shRNA 3f HTMCs MM EREAMEM AR Y
Scramble/FoxF2 shRNA J5 HTMCs Jli/p R iR (R A2k B. &4
FN 2 (AR ik i 4 5 Scramble X M 4 48, *P<0. 01 (4 57
BEA %, n=3) C.H%4 COLI EHMMNEBRLE 5
Scramble X HRZH LL#E, " P<0. O (S SRR AR ¢ K338 ,n=3) D: &Y a-
SMA ZE A X RIE & L4 5 Scramble X B2 lE 45, " P<0. 01 (57
FEAS ¢ #:56: ,n=3) 1:Scramble X} H4{ 2.FoxF2 shRNA £ FN.£f
A COL: KR H s SMA A F- 1 ILILEN 3 A

- P - fr - 300 =
I R
3 . ‘-‘ L 8 1 & A
. ¢ S . - a
"; il L'-i’ﬁ-"." ”p I
B e , S AP £ 200
r -‘F - B e SH%
s y (L T 5
i - "'1’ &' f &)
R R Z o}
o\,"h' L x ™
T YR PR
0 '3 3 #
i o ®

1 2
BREHLFE HTMCs T8 1B A &Yt Scramble 5 HTMCs % 4=
B /&Y FoxF2 shRNA J5 HTMCs /& 4 3T 88 1) 40 il %k &k B &g 2>

pm)
C: 4541 HTMCs i 40 g 41
1:Scramble X} H 4 2.
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POAG 1) &5 55 MR T 5 85 VI AH G, 1 IF 5 IR &
AT Bk A B A HE R S AT Bk HE
HH BH 1y S A T R /N T I IR RS R Tk S A AL L B
7K 28 M A i LRSS P K (B K K S B I AR
K o AT AT — ol 7N 2 190 41 it 2 R 1) 22 0 B S T 5
B /NG ) 25 ) Bl A ER G T RE S B0 K R B
Bt

INE F 22 2 AR SRR AR 0 O 38 S FL AR
SERG B — /NI AR IS E RE I AT A Ry A% O B LA
P AL AL . ECM A7 A8 F 400 =2 1 B 3l 45 I
REEN , H— RINE A Ko DI d mi Ak S R
M B S5 AR 2 G, B2 AR IR
FI R RO R 2 W SR 1 O 40 i T 2R 4
¥, 2 5 a0 R 3G A e R B R O S
VU RS JOE I AR S B AR AR L R
JE A REAE ST RSV P £ 4, B A 1 BE B Pk ok, i di
JE DB 1 1) 6 3Kk KO e A S, K 2 R ECM 25 44 A
JINGE ) f 5 AR 45 K, DT B 0 B K B HE R R
ECM 3 4F 3% 7 32 2 IR B, 6 HO2 75 06 IR %%
G E M ER . CAUIE K, ECM 2 2s vl L i
IR 2745 40 22 1) S A0 i 55 ECM 2 [ ) A0 AR A,
NTR = IO I S o o 0 I N~ I 1
ECM 1y 2l 28 ] 5| 2 M ph e il s i e i, S som &8
F PR T34 20 RO b 28 0 B g g

Fox M5 A 53 FoxF2 1 2y ] Jit 4% 5k P - 26 35 T [l
Jo 40 B, AL FE m A AR U L G A IR T 4 . A WO & B
FoxF2 1E35 J 1 57 18] 78 Jo AR L AF F 0 iR 2 1 4 v 3%
BT I ELAE A0 M T A i R bR B AR, O
HALE R - WP E S &S0, 555 4L
[6) J3c 4k Ak IS 24 I IR . FoxF2 [ % 3k K 7 5
2 P IE 155 B NS A 56, 76 R S F i i %
0 Samrat 457 BEFY & B E T miR-200 & % Fl
miR-183 ~96 ~ 182 Ff {4 i@ &3 #1 [n] FoxF2 1 i Jifi ¥ 1=
FERNEE R (W HL] , HF 5% R B FoxF2 33k 5 #e 5t
F Zebl B UJAH I , I A8 0] 70 A 5 B8 14 i 9 240 e o
fF , FoxF2 %% S ml 4 ] E-45 K 25 (9 F1 miR-200 (1) %3k,
M 75 i s 40 i 2B T B AR B RS o Shao %"
TEJH 4 i g8 21 20 b %% 3] miR-519a il FoxF2 11 3R 3k
KO- 67 96, FoxF2 b, (R I w45 52 A BF 40 i 98
miR-519a [ T ifff #8 b , 45 2 2 /% Huh7 4 g ' miR-
519a [ AT REAR FoxF2 [ 335 K, 4 i 40 f 4 A= )F
Yok /0 JE T IR B £E SMMC-7721 40 g o' miR-519a F

T T FoxF2 [ 23k K-, 0 T 40 i 14 A 5 5 08
7=, $78 miR-519a AJ G J2: 20 s 283 17 7 784 i )5 i
DB - FoxF2 ¢ MR B} 43 385 1 WF 7% 6 A5 i 38, 5 b A
WA TR FoxF2 J&2 65 5 T 45 /N 32 ) i A1 56 Joi v
HRE AR,

A HF 5% Western blot # Ul 45 3 2 /5, FoxF2
shRNA G IR % . 78 FoxF2 shRNA G IR T,
2 i 71 3 5 4K 11 FN L COL 1 1 o-SMA 5 & ¥ K T
XFREAH U B FoxF2 323k 7K SF B AIK 09 6] BF HTMCs 1y
ECM k7K - BE AR, FoxF2 K 3% 35 AT B AR /1N 32 ) 4
Beproh M O B A £ 3B, 5 van der Heul-
Nieuwenhuijsen %" BF 52 i B () T Bk FoxF2 J5 R 5/ it
] 5t ECM 235 T B, L &2 Ormestad 25" BF 5% 1 B
() g bk FoxF2 SR /B AT E S 8 4141 COL T |
COLIV Ul /> i 25 JRAHAF o 1 BLHEWT , FoxF2 AIRES 5 T
ANGE ECM (1 4 56 9 B A Ak , 328 17 2028 /1N 5% 1) B 0o R
S5k, T T s KA 3 R G iR 2, i POAG [k
PRt T SL Al FoxF2 5% i7F AT DL B Ch B 98 POAG &
B B 3 7 18] o

25 LA, s A vT R S v m IR HTMCs Py Y14
FoxF2 FEih ) FoxF2 shRNA %53, JFUE 22 FoxF2 T3
X HTMCs H {2 £F 4t ECM ) 3 35 K 4t M3 58 H A7 30 41
YER . FoxF2 A B i B 58 POAG k95 AL il 19 %5 75
i), LA K I PR A T3 85 FIG T7 POAG B TR 7E AR 1 2 0

%3k
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