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[BZ=] B8 - Wit Mm% WK P (vascular endothelial growth factor, VEGF) X}k Ap&% 3% 09 A Tenon's 3 ik F 4 41 il (human
Tenon's fibroblast, HTF) L4k & H & &2 W& i AR Itk 4> Wi B 11 (secreted protein acidic and rich in cysteine, SPARC) FikmJ{E
M. FiE - AT AR EER Tenon's EHLHATRE IR, HRM BB OCHARIRMG Y HTF #E17%5%¢ . RHAANIRER VEGF fll#s
3% HTF, A4 R s 46 HTF 43 4 40, B O ng/mL 2. 25 ng/mL #H. 50 ng/mL 4471 100 ng/mL 2H, % & 19 )5 B3 Fn se i) o 4
PCR 43 #F SPARC, | )81 (collagen- [ ) FuJE 4@ &E MG -9 (matrix metalloprotein 9, MMP-9) #y % ik LA & Mg 4ME S 1815 B
it (extracellular signal—regulated kinase, ERK) il j& W ER L35 PE I SCAE . SR F MGG J) s S (MTS %) FnIYR e300 46 W HTF i34
AT AR )Y, R - W RSO R BB 2 B T DA E, iR SRR IRy HTF, £ VEGF il T, 5 0 ng/mL
dHLL, HAh 3 41 HTF FPB@ SPARC, collagen- T fil MMP-9 |9 ¢ H mRNA Eik¥A g, HTF v ERK @ #% 1 &5 58 1L 5 P 254 i
R, HTF g0iany 3658 KT B e DR A Frsdin, HAE 50 ng/mL Ahig ik K, 4518 - VEGF fE/2 3k HTF -4k b ih i 72 v £E B 25 40
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Effects of vascular endothelial growth factor on the fibrosis and the expression of secreted protein
acidic and rich in cysteine in cultured human Tenon's fibroblast
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[Abstract] Objective - To investigate the effects of vascular endothelial growth factor (VEGF) on the expression of secreted protein acidic and rich in
cysteine (SPARC) and the fibrosis in cultured human Tenon's fibroblast (HTF) in vitro. Methods - HTF cells were obtained from Tenon's capsule tissues of
patients undergoing strabismus surgery. Immunofluorescence was used to identify the HTF cells. HTF cells were cultured with different concentrations of
VEGF, and which were divided into four groups, i.e., 0 ng/mL group, 25 ng/mL group, 50 ng/mL group and 100 ng/mL group. The expression of SPARC,
collagen-1, and matrix metalloprotein 9 (MMP-9) and the activity of extracellular signal-regulated kinase (ERK) pathway were analyzed by Western
blotting and real-time quantitative PCR (qPCR). The abilities of proliferation and migration of HTF cells were detected by MTS assay and scratch test,
respectively. Results - HTF cells were observed and identified by inverted phase contrast microscope and immunofluorescence. Under the stimulation of
VEGF, the expression of protein and mRNA of SPARC, collagen-I and MMP-9 of HTF cells in other three groups were increased compared with 0 ng/mL
group; the phosphorylation activities of ERK pathway were up-regulated, and the proliferation and migration abilities of HTF cells were up-regulated. And
the effect was the most obvious in the 50 ng/mL group. Conclusion - VEGF is involved in promoting the fibrosis of HTF cells accompanied by the up-
regulation of the SPARC, which suggests SPARC may become a potential regulatory site.

[Key words] human Tenon's fibroblast (HTF); secreted protein acidic and rich in cysteine (SPARC); vascular endothelial growth factor (VEGF); fibrosis
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GFS w] S 4 2 % 4145 7 S 8O R BB e, i
i /N BRI A1 R & i A R PR - O RSO (e 2t D8 i 21 4
L —&, PR, MmENEAERKET (vascular
endothelial growth factor, VEGF) 5Kk, HE5K
LTAE AN L EE . (5 DB I LT AL B UIARSG, fER
Ja g A A R kAR e R Y, gL £
FZHME IR R, e AR BRI i E A
(secreted protein acidic and rich in cysteine, SPARC) w#JfE
et R TR M, Mol ERR SR EAY
FAS%. HBorWEoE Y KB, TPt SPARC (33K ml 55 £ 4
LI R & 2, Seet 25 ™ % i SPARC & IR [ /N Ui 47
GFS Ja kB, HLHt R MW BoRss, HEEAEELE
NG A

AW 98 R A [6] #k B B9 VEGF 15 T A 40 55 55 1Y
HTF DA IR AL ATy, W52 HTF 3% 5E FEf2 g
Ji. HNEIRLTAEAAR DGR B AR L, JERFIEH G 4h iR
B U ) SPARC Kk I RZN, LARTH SPARC B A A%
GFS Jaer 4t fE IS Ay T Betk.

1 HHS%HE

1.1 ®Fsehhet

1.1.1 Tenon's FELLZRER Wk 2017 4 10 —2018 41
3 AT il A @ R M 8 S — N R BEIR B TR IR T
REBHEAILENET Tenon's HL, A EEKKRELHE
E T EE RIS

1.1.2 R K (L % DMEM ¥ 5 i, A 4 o i (fetal
bovine serum, FBS). BEZE GG (3EE Gibeo 247H]), bi A
PR IEDUA (ab92547) | bt N s s DL
(EPR17882). #%iir A\ SPARC #imiPEdifk (ab207743). %
PN T AR & (collagend ) HupifEhifhk (abl38942),
TP A4 B E T -9 (matrix metalloprotein 9, MMP-9)
B BE PR (ab76003) . G Bt N M AN E 5 IR T B
(extracellular signal-regulated kinase, ERK) ,, i 70 P& i &
(ab17942) . % bt N2 ft ERK,, (p-ERK,,) H.ygBEHiik
(ab65142) [3Zididr (i) ABAMRAFE ], BIEMZED
fise (HZ Olympus 7)), & LIEG (InELiZ&Es
|]), CO, faimEF R (3£ Thermo 3 +]),

1.2 W5k
1.2 JFARHHIMOES I oo dl AR SRk bk Tenon's 4
AT, FANLAGNEEEL I TR FE . HHALE
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BT ALPE S 1 mm x 1 mm K/, 3H2)8:R0T 40 mm £ 5%
MmA, A% 20% FBS # DMEM £ 5% # 137 C. 5%
CO, BrFhih i 9. 4105, #M & 10% FBS ) DMEM
B R AT g By %, DAgk4 HTF, EHEE 3 ~ 9 R
HTF it f7 e &2 sk, fEJR &, R A [E R E
(0, 25, 50, 100 ng/mL) 1) VEGF #i| i#f &% 5 HTF 24 h,
T84 W 4% R HTF 53 oh 4 46, B Ong/mL 41 (X1
4H). 25ng/mL 2. 50 ng/mL £ F1 100 ng/mL £,

1.2.2 HTF £% 40 B Ree ML msf k,
FEET 24 L h AT FR, fPAA KB S B3 A
90% B}, F pH 7.0 B R £k 2% oh % (phosphate buffered
saline, PBS) JEi%& 3k, £ 4% % R H [ [# & J5, PBS
Pek 3 k. SR 5% LU £ 1M i F11 0.3% Triton-X 100 Ef 4]
30 min, fIA GBI E A REEDE (TIERER
1:250) Fnfedi N AE A B BELA (CLAER 4 1:50)
T4 CHELK. kH, HHA Alexa Fluor 488 Fric L%
IgG (TYEHeEE A 1:1 000, ZEE Cell Signaling Technology
~wl) TEimMFE 40 min, ] DAPT 440/, PBS ik
2k, FHRZEDICEMEE TWEIEHAI, [FI AR BB A 2
WAEE PSR A KRR R B2 .

1.2.3 EREREACERN 5 51R A 2 e BAR R
| A U El #F (Western blotting) %} SPARC, MMP-9
collagen-T (B HATHM], ©FyEr oM. KAl
1x 10" A /mL g FpF 24 LRI R b, SR EIRER
VEGF HIBEM 24 h 5, MAiERE ewk (PEES R4
FAEESA 1:1) #EfTEE. 4 HanffHomA %di A SPARC
poiEbLA (CCUEWREE S 1:400) . %t A MMP-9 # 5[
ik (LAEWREE A 1:2200), %bi A collagen-1 F i [ Hii
tk (TAEWREE 1:400) T4 CHEFE LA, 7k HH PBS it
WA G hric =t (LAEWRE S 1:1 000, SE[E
Jackson 2y H]) T EHimME&MNMEHE 1h, £ DAPI )5
BT oG e T an g Je s LR, R
FH Tmage J 4R 4 53 7 %€ 6 58 B IR TH L& 41 2R (B B Rk ok
*F-, @ Western blotting #5 flll, >R H] RIPA L fiff i 5 4 2
MR E T ok LEAT 2, RIS E B )5 0 BCA i
PATE A E R, BRI E AR ST T b A TR N
BRI R B R L Dk 5 SR R R A e B R R C IR IR
b, M 5% BRI B JE, TBST #E3E, A RPN
SPARC FLuCPESLIR. fbi A MMP-9 HuyifEdifk . b A
collagen-1 BsaFEPLIE . i A p-ERK,, HLygFEHLiR, B
PN B-actin FLsFELIAR (SE[E Proteintech 23 wH]) (AR
JE¥) A 1:1000) T4 CHERE LK, kH TBST Pk H
AR F AR ARG R L 2D S bt =t (CAEIRE
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Sk 1:5000, JE[E Jackson A H]) EiEWMEH 1h, 2 ECL &
TR (5 TR AR RS, Image J AR (M1 & 5
Sl R BETE, LA B-WLahE " (B-actin) 1 ERK,, HNZ,
SITERE H B AR S &

1.2.4 mRNA ZEik KM 2% s2h & & PCR (real-
time quantitative PCR, qPCR) %} SPARC. MMP-9.
collagen-1 Fy mRNA FIRHATHEMI, FIJH TRIzol {h 2%
SN M A RNA, Jf: H Nanodrop 2000 44 il % 41 mRNA
MM R4l . 4%/ TaKaRa (RRO36A) #fEFHhR &4
RNA 5% % cDNA, Fi#R$E TaKaRa (RR407) #:/EF
WA S 4 f5, R AT PCR #4744, PCR
S 1,

41 qPCR 5|9 %51
Tab 1 Primer sequences of gPCR

g3 51¥E51 (5> 37)
_Ei55 14 GGACTTCGAGCAAGAGATGG

B-actin

514 AGCACTGTGTTGGCGTACAG

SPARC 514 AGGAAACCGAAGAGGAGG
RIS 14 GCAAAGAAGTGGCAGGAA

MMP-9 %5 14 GACCTCAAGTGGCACCACCA
T8 14 GTGGTACTGCACCAGGGCAA

collagen-] 15 4 CCCAGCCACAAAGAGTCTACA

T5 4 GTTTCCACACGTCTCGGTCA

1.2.5 HTF $5EREDAGM SR IME DillE e (MTS
%) KM HTF 3456 68 0. AR 1x10° 4>/
mL IR T 96 fLikh, FRdnfd K8 S5 2 96 JLAUKHR
[ 90% I, R AR EEHY VEGF Rl 15 24 h, i),
] f LA MTS 20 uL 48E5 5 5% 2 h, T-EEHR{L T AN %
FLARAEAE 490 nm SLEIRIERE [D (490 nm)] fH.

2019,39 (8)

1.2.6 HTF TR AN SRR S3EAS M HTF 2%
AE 1. ff HTF 40y )8R0 T 12 fLbh, frdilied K&
F 3 12 FLARJECHEPY 90% I, FAFSIAR TR B2 FLAK o 24
WK 2 SH Lk, M PBSIERANNEH G, IAARRIRE
i VEGF 1E 4, THeEmtal (0, 24, 48, 72h) fEAH
ZEWiEE VgL, HEatLaniemE B, ek
RIS, AL HMBIRESA R, WRaAR
= (FAARPE T — ZRPEER) / FIaaRPE TR % 100%,

1.3 ZEil2Enbr

% H SPSS 18.0 # X BB AT it b, B
TR x5 Foon, dHRILERRA (85, P<0.05 Fonz
SEAGHHE XL,

2 "R

2.1 HTF %%

1 8% Tenon's P BT R J5 Tl T 55 5% ML £ 47 1%
¥, THEIBEMZRMEE PWSLHEL, eI, Al
A, HRAE AL T A s, 4 ~ 6 d 4R AT R A I
JEEs FRAIBRIIE AT, £ 12 h [ 4Rl n] FR R I BE A=
K He Lk ER)a, HTF (i &md: KiG v R
A5, RGBS CH AR HTF #ii1%0E, 4508 (B 1) B
A RPUNPBIEE A R DL G oh B, RNZRiR AR 2
ghts (PRI AZRESOL) s RPN AR A R EBEbLE
Quta gPrE, BNARRE G, BT 282 b A
BEAMEAED, EPESR Bor g G aniEE R an
Hes HOBRET RN T iR A, ZPUE B pUR N,
Mg g R DR BATE. B, ZiA LR S5 RIF45 & Bk
FROZ AR, AN HTF,

DAPI

--- |

DAPI

vimentin

keratin

Merge

Merge

1E: A. DAPI Qe 63 FBLil T 2R (A B DTSSR L5 B. DAPL Qe (AR fi 2R (AU 88 S oL, Vimentin A TEER A, keratin MR I ASORMIBE, SE500R

AT, Merge Ay LR 34 Y £ 1A

1 RERHFEALTE HTF (X200)
Fig 1 Identification of HTF by immunofluorescence (x200)
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2.2 GIESOREARKM SPARC, collagen-1 il MMP-9 1ty RyFR K TH4M, 5% (B 2) BoR, fE VEGF fil g1k
ik AT, SPARC WA K FH A AR R, A2
LR Y VEGF Rl E AN 24 h )5, RA%  £F4E(LHH55 K T MMP-9 #i1 collagen-1 193 ik 7k -t 17

%5 5% 6 8 A %t HTF b [ SPARC. MMP-9 #1 collagen-1  #j1,

cu”“i-:c“- [ - - - -
o - - -

VEGFAng/mL) 0 S0 1040

I E ORI, SesdoraiR
2 RETARAREAEH HTF hERZEBMFRIE (X100)

Fig 2 Expression of target proteins in HTF cells stimulated by different concentrations of VEGF by immunofluorescence (x100)

2.3 Western blotting £ il SPARC, collagen- [ , MMP-9  H {& £F 4 {t. #H 3¢ [N + MMP-9 Fi1 collagen-T 1Y % ik 7k °F
il p-ERK, , [f133% A5 B, 24 VEGF {9k & % 50 ng/mL [}, SPARC.
LA [Al ¥k BEHY VEGF #4824 h J, @ik MMP-9 Fil collagen-1 R A w i =i s[RI, Ffi%s VEGF i

Western blotting M 2¢ HTF #1 SPARC. collagen-1 . MMP-9  FEfysafn, p-ERK,, fUFR 2R3N, 4Kkl ERK i@ 1%

Al p-ERK,, Fikwy Bk, &50 (& 3) on, {8 VEGF fil  RUBSRRILIAEMA AT LI,

BT, SPARC & ik 7k - e vt B 2H A e /9 5

L'l.!'”i!'__-'l..'lll -*
[-actin “’

VEGFing/mL) O 25 50 100
g F i O 2.0 )
_-L . b — W 25 ng/mlLE :'—'I o
o ] - S 5 @30 ng/mLE] iy 1.5 L
e - I 1 O 100 ng/mL&gH %
i =
= a 1.0 -
I 0.5 2 05
&
0 | 0
SPARC collagen-1 MMP-9 R 25 ';ﬁ""l' W ':T"J' e L}:flml'

k: A.SPARC, collagen-T . MMP-9 I p-ERK,; {97 {1 4¢7f#; B. SPARC, collagen-T I MMP-9 Fiyfiif ikt (I fractin {14 %) s C. pERK,, ORIk (1L ERK., ff:
SWNZ), P=0.001, ©P=0008, “P=0.009, °P=0002, ®P=0.024, ®P=0.001, S¥HaZIHA:

3 Western blotting #ill£-48 B I AR RIE

Fig 3 Expression of target proteins in HTF cells stimulated by different concentrations of VEGF by Western blotting
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2.4 qPCR #5 #ll SPARC, collagen- | Fll MMP-9 i) mRNA

4%

2 AN [a) ik FE 1) VEGF il i JH 4 24 h 5, R
qPCR %} & ¢ HTF H SPARC. collagen- I 1 MMP-9 1]
mRNA 47450, 258 (& 4) BIR, SPARC HJ mRNA
TIBACE G IR AREL A B g i, HARLF AL ARG -+
collagen-I F11 MMP-9 ) mRNA Zi5 K FoRHm; 24 VEGF
1 #e BE % 50 ng/mL i, HTF o SPARC. collagen- [ #I
MMP-9 () mRNA #5745 b e A i,

mlesgiikii]
Ll B 25 ng/ml#f]
@ 3 50 ng/mLE]
o O 100 ng/mLH
) ®
® 4 B @
B 4
L
z ©
E 2N ©

SPARC MMP-8

collagen-|

7. DL B-actin N2, © P=0.003, ©P=0.001, “P=0.019, “P=0.008, L%}
HRZH bR

4 qPCR #U&4H HTF s BRIE R K mRNA =ix
Fig 4 Expression of mRNA of target genes in HTF cells stimulated by different
concentrations of VEGF by qPCR

2.5 MTS #4500 HTF [y 8455

2 AN R 9k B Y VEGF fil g fE H24mlie 24 h Jis, R A
MTS %t HTF (3438 G PESEA TR, 558 (& S) Bow:
B % VEGF i FERDHE N, HTF £ 490 nm {6 A 50
FBE T, 2R ) 200 6 50 oK T 40 22 L B4 5 95 A S oK 1 B i
24 VEGF jft J£ 2k 50 ng/mL f5f, HTF £ 490 nm [ W ¢ i
TN

254

@
T

2.04

E

@
T

L (490 nm)

B 25 ng/ml 50 ng/ml 100 ng/ml.
1l Hl 1l
. ©P=0.024, *P=0.027, "P=0.013, LutMaz b
5 MTS F&MA B E VEGF R T HTF BE5EE

Fig 5 Proliferation activity of HTF cells stimulated by different concentrations of
VEGEF detected by MTS assay
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2.6 RRESEE KRN HTF [ Er8 e

LAl LR VEGF Rl Anie e, i i SR e
R HTF fIEF2RE D, W52 4 Hanfin’z 9. % VEGF
IR EEF SN HTF (T8 L 132 T [RI2P487F; 24 VEGF
WRHEETR 50 ng/mL I}, KR IR AR A ad RE el (1% 6) .

p— A
Oh
IZh- .

40-

34

Tl i £ e
()
o=

=
.

ABEE] 25 ng/ml. 50 ng/ml 100 ng/ml.
Ml ] 1

e A B BTEL AR HE] AU AN VEGF e B3 RIPR ANy 20 s B. R
AENGHBE, ©P=0.026, °P=0.009, ®P=0.028, 5%} LLig

6 RIREIEAMAREIRE VEGF RIS TH HTF E%4EH
Fig 6 Migration ability of HTF cells stimulated by different concentrations of VEGF
detected by scratch test

KR CiESE, VEGF {f GFS R )51t i i
J i R 4 AR . Kim %5 1 Lopilly Park 2 " %
B, GFS A J5J Wiy B35 1 bk H VEGF JKE 3T AR B
Thit) BE AW B es, Li 2" i x i id TR 1 sh P
I ek A TR L BT VEGFE Fah kA B B,
M GFS F- A R Ih(E— & FEE 15 Bk v i) VEGF i
F5%, [RIfF, Lopilly Park % " 506 il 55 Tenon's #€)%
AL AT LAZE A AR 2R VEGF, 1fif VEGF NI w] {2 ik
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Tenon's 3 i LF AEANNEAESE . X AR AVEE KA —3KL,
R & VEGF i B (1) 34 fin, HTF (1) 38 58 16 P A5 Fir 36 5%,
Wilgus % "™ R BN O A aid B b, VEGF w86 g
A RN SR TR ET 4RI B BRI, i 4] VEGF 1|
R B D AR L B R S AT AR A B, AR SE LR B,
Wi & VEGF S 5% B A3 in, HTF v collagen-1 YA &

IR, TRl ERK E%El’]ﬁ*éﬁﬁt{ﬁ Ve A g m, A
7" RBL, VEGF ifid 52 Aas 4 i G225 5L EA
# FEf (mitogen-activated protein kinases, MAPKs) / ERK
HIZRIDEE , (R BEAn g, X2 N K AR RN 2T 24 20 i
H VEGF 15341 iR 56 i 3= 224 i pL i,

VB — M am M 4 5t & 11, SPARC RE 3 5 21 4k 1% %
EANM SN T (extracellular matrix, ECM)
FAZE, i f ] SPARC iy 23 1 W 0ak 2> 22 i e J5 e 5
K MMPs, 20 20 4> J& & [ B §7 %l 4 (tissue inhibitor of
metalloproteinase 3, TIMP-3)"" [y 33k, 7EHLH ) £ Fif
AR, SPARC v 5172 4 & & 11 iy & Geih Py A
b, Mffdt 7 ECM [(BI%, Kato 2 " s k8L, Wi
VEGF Hill #5510 & /58 m, A G & N & 40 (HMEC-1)
FHNIBF i Bz 4l i (HUVEC) b ) SPARC 235 th %
e m, ki HAr, & HTF fh3 T VEGF A& SPARC
FIBWT A D, AU R ox, VEGF ol DL
JE HTF vh SPARC [y % ik [F] I, fE VEGF # # £ H
T, HTF fr MMP-9 Fl collagen- | 3¢ ik 35 4 Bt 4 fn, 4k
MAE M % 2 Fh 2R 3 B A8 il g 55 SPARC %3k Tt
A%, AU WIESE, SPARC [ UL MMP {5 #: F
RN MMP (&35, #85r WF98IA 4, SPARC W] 7 Jik )5 &
FVER e M T e 2o e, DABRER RS & A AR

Pk, McDonald 2 "™ % B, 150 L4 i 4T 4 16 i F2
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SPARC W] {2 # Bl e B -1 B A& . It £F 4 A ' B RNt
o WA & B, VEGF w] £ mRNA F1& H 7k F _E 3§
% collagen-T Wik, kil SPARC R HELE collagen-]
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i i MAPK/ERK i 2 il 4R AR HFE Y . Kato 25 "7 &ty
Rz 4l b VEGF 3 ERK T il#455 HO IR T 1R A TR &
L, HMEPE SPARC RIXHIZ IR AT A — e FIAIHIACR o
MEANg F, HTF £ VEGF fili#E )5, H SPARC i)
FIRKEA g n H. ERK Gl B f kR 14 16 M IR A Br s i s
Akififern, fEAREIANIEH SPARC "] VEGF Xt ERK i
& DR P A AN R 520
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5 ) BBl A T DA e G At AR B AR ARG 1 7 ok A S i T
T2y, HiZ&E A eLE YT ECM BZR ks diiestoh .
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Hm, HTF Rt ae DA Frdd @ Hsk4Eml, SPARC
fEst R bt rTRE P A M,

ZE LRk, AWk B SPARC £ VEGF %t HTF £7 4k
e R b AT RERAE T B . (ESRE RN K o
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X HTF £ AL R Ve R A, FaE— 25480 SPARC
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