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[ Abstract] Objective To investigate the effects of early applying of basic fibroblast growth factor ( bFGF)
on corneal haze formation after surface ablation surgery in rabbits. = Methods The right eyes of 60 healthy New
Zealand white rabbits received photorefractive keratectomy ( PRK) and were randomized into PRK +normal saline
group , PRK+bFGF group and simple PRK group, with 20 rabbits in each group. Normal saline solution and bFGF were
topically administered according to grouping,respectively,3 times per day,1 drop for each time until the sacrifice of

the animals,and no drug was used in the PRK group. Another 8 normal rabbits were served as blank control group.
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The corneal healing response and haze formation were evaluated by anterior segment photography and anterior segment
optical coherence tomography (AS-OCT) and graded based on Fantes criteria. Corneal histopathology was examined
by hematoxylin-eosin staining. Immunohistochemistry was used to detect the expression of transforming growth factor-
B,(TGF-B,) , a-smooth muscle actin ( a-SMA) and matrix metalloproteinase-2 ( MMP-2) in cornea. This study
protocol was approved by the Experimental Animal Ethic Committee of Affiliated Hospital of Binzhou Medical
University (20180209-03) . The use and care of the animals complied with the Statement of ARVO. Results The
corneal epithelium was completely healed in 3-4 days following surgery and there was not significantly different in
healing time among the three groups. (F =0.57,P =0. 57). The haze grading was significantly different among
=41.736,P<0.01;F,  =129.445,P<0.01) and showed the highest
score in the PRK+bFGF group on the 28th day after operation. On the 7th day after surgery, AS-OCT image showed

different groups at different time points ( F

group time

that the surface reflection of corneal epithelium was continuous and smooth and corneal epithelium was not tightly
attached to the superficial stromal layer;the reflection of the superficial stromal layer was enhanced in all the operation
groups. The proliferation of corneal epithelial cells and superficial stromal layer in the operation area were seen under
the optical microscope, and the arrangement of collagen fibers in the stromal layer was disordered with the most
obvious changes in the PRK+bFGF group in comparison with the PRK+normal saline group and the simple PRK
group,and these findings became worse on postoperative 28 days. The corneal epithelial surface reflection in the blank
control group was continuous and smooth. Immunohistochemistry showed that a few MMP-2 positive cells were seen in
the blank control group. TGF-B,,a-SMA and MMP-2 proteins were positively expressed in the corneas 7 days after
surgery in the three groups, and their expressions were the most obvious in the PRK+bFGF in comparison with the
PRK+ normal saline group and the PRK group and were enhanced 28 days after operation, showing statistically
differences (all at P<0.05). Conclusions Early application of bFGF following surface ablation surgery promotes
the proliferation of corneal epithelial cells and irregular arrangement of collagen in the superficial stromal layer, which
is associated with the expressions of haze-related factors TGF-B,,a-SMA and MMP-2 in corneas.

[ Key words] Transforming growth factor B,; a-smooth muscle actin; Matrix metalloproteinase 2; Basic
fibroblast growth factor; Corneal haze; Surface ablation surgery
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Figure 1 Corneal haze status among the four groups at various time points by anterior
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segment photography No haze was seen in cornea of the blank control group,and the haze was
observed in the simple PRK group,PRK+normal saline group and PRK+bFGF group. The haze on
the 28th day after surgery was severer than that on the 7th day after surgery,and the haze in
the PRK+bFGF group was the most serious, followed by the simple PRK group and PRK+

normal saline group PRK:photorefractive keratectomy ; bFGF ; basic fibroblast growth factor

2.3 B SCK R[] W E] A AS-OCT L

x1 BEFRARRAE R E S haze 7R
Lk % (meanxSD , 43 )
Table 1 Comparison of the haze grade at various
time points among the three groups (mean+SD,score)

R B[] 5 haze 5%

251 IR %k

RIE7d K528 d
gl PRK 44 10 1.65%0.22  2.36%0.38
PRK+4:FEER K4l 10 1.56+0.20  2.34%0.29
PRK+bFGF 4] 10 2.25%0.17"  2.95+0. 19

T Fyy =41.736,P<0.01; Fyypy = 129. 445, P<0.01.

Hipa PRK 41 F#g,“P<0.05; 5 PRK+44: B bk 41 kb
#,"P<0.05 (P& Jy %407, LSD— %) PRK. ik
ST IOt 6 E A DR ; bEGF « B M B 2T 4 41 it =
K7

Note: F,,. =41.736, P<0.01; F,, = 129.445, P <

0.01. Compared with the simple PRK group,“P < 0.05;
compared with the PRK + normal saline group,”P < 0.05
(Two-way ANOVA, LSD-¢ test) PRK: photorefractive
keratectomy ; bFGF : basic fibroblast growth factor

time,

KA AL PRK 41 R 5 28 d, R X A I8 [ 2 e B 3%

ARJE 7 d, 2% FAREAR XA B 00 #E2E O
T, SRS R R R R, TR B S i, e rp
PRK+bFGF 2H P it )2 S e L, HER O PRK+HA: B

2 Ot SUIE 2 E R R RE RO EOR A 7 d
R B A 30 5 5 2 0 R A IR B R RG2S 3
Jo 2 A A TR R L S SRR (] 2)

4l PRK 20

PRK+/ R K4 PRK+bFGF 4]

Rig7d

ARJF28d

B2 AS-OCTURZHERRARMESARELEERAXERERAER 2 A0 A LI IR - RWOUH 8L, 5B ERE%; R
J& T d, &4 R )R KOG RIS SO B R ST 28 d, R OGM B S, 5 IR B2 S R B B U2 RO EOR SR 7 d S . PRK+
bFGF 2H V& Bk BT 2 S 5t e W1, Rl PRK+AE FEER K 20 R P4l PRK A PRK: v 43 F WO DG E M DT EI AR s bEGE - M it 2F 48 48 i A= < I
Figure 2 The corneal healing status at various time points among the four groups by AS-OCT The surface of the corneal epithelium was smooth
and continuous,and was closely attached to stromal layer in the blank control group. The epithelium was less smooth and the reflection band of the shallow
stromal layer was enhanced in the simple PRK group,PRK+ normal saline group and PRK+bFGF group on the 7th day after operation;while the epithelium
was smooth and tightly attached to the shallow stromal layer and the reflection band of the shallow stromal layer was enhanced on the 28th day after operation.
The reflection band of the shallow stromal layer was the brightest in the PRK+bFGE group, followed by the simple PRK group and the PRK+normal saline

group PRK:photorefractive keratectomy ; bFGF ; basic fibroblast growth factor
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Figure 3 The histopathological findings of cornea at various time points among the four groups ( HE scale bar =20 pm, x400)  The
adherence of the corneal epithelium and stroma was regular in the blank control group,and the arrangement of proliferative corneal epithelial cells and
stromal cells were irregular,and collagen fibers were disorganized in the simple PRK group, PRK+normal saline group and PRK+bFGF group on the 7th
day after operation, worse on the 28th day. The corneal epithelial and stromal hyperplasia was the most obvious in the PRK+bFGF group in comparison

with the simple PRK group and the PRK+normal saline group PRK:photorefractive keratectomy ; bFGF ; basic fibroblast growth factor
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Figure 4 The expression of a-SMA in the cornea at various time points among the four groups (DAB scale bar =20 pm,x400) The expression

==

of a-SMA was not observed in the blank control group. On the 7th day after operation, a-SMA was slightly expressed in all the operation groups;on the 28th
day after operation, the expression of a-SMA was increased with the strongest staining in the PRK+bFGF group  PRK: photorefractive keratectomy;
bFGF :basic fibroblast growth factor
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Figure 5 The expression of TGF-$,in the cornea at various time points among the four groups ( DAB scale bar = {Egﬁ A i j: , % j':q"- ﬂj
20 wm,x400) The expression of TGF-B,was not observed in the blank control group. On the 7th day after operation, PR
TGF-B, was expressed in all the operation groups,and the expression was obviously enhanced on the 28th day after operation. ﬁ ’}E 1+ ¥R X ( i’)j

The expression intensity of TGF-B, was the strongest in the PRK+bFGF group in comparison with the simple PRK group and the P<0.05 ) . Ej 2= IJI_I ;(j‘
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Figure 6 The expression of MMP-2 in the cornea at various time points among the four groups (DAB scale bar= VN

20 pum,x400) Less MMP-2 positive cells were observed in the blank control group. On the 7th day after operation, MMP-2 was =X ( iéj P >0.05 )
expressed in the cornea of all the operation groups,and on the 28th day after operation,the expression of MMP-2 was enhanced in ( %‘:3 2_4)

all the operation groups. The expression of MMP-2 was the strongest in the PRK+bFGF group in comparison with the simple PRK ©

group and the PRK+ normal saline group PRK:photorefractive keratectomy;bFGF :basic fibroblast growth factor

®2 BRAZMRAEAERERAE «-SMA & HRiALLE (meanSD)

Table 2 Comparison of a-SMA , TGF-B, and MMP-2 in cornea at various time points among the three groups ( mean+SD)

w5 - R ) Bt 18] £ c-SMUA B 1 400 it % Al ] 2 «-SMA V-3 A {4
RJG74d Rig28d RIETd RI528d
24l PRK 4 10 19.2£3.1 34.6+2.7 0. 12020. 004 0. 164+0. 007
PRK+4: 126 K 20 10 18.5+2.9 33.242.7 0.11920. 006 0. 165+0. 009
PRK+bFGF 4] 10 22.5+2.5" 43.1£3.3" 0. 177+0. 008" 0.226+0. 133

T o-SMA FHIEZH AL : F oy = 28. 304, P<0. 013 F g =431, 963, P<0. 015 0-SMA - A {1 Fyyy =341. 871, P<0. 015 F = 462. 819, P<0. 01. 15
4l PRK 41 ¢, " P<0. 05; 5 PRK+/: TR K 41 B, " P<0. 05, (W[4 77 % 434, LSD-t K030 )  o-SMA - - UL 3 2K 1 5 PRK : o4 - WOR i o
ST HIAR s bFGF « il 1 2T 2k 4 g A K R 1
_28.304,P<0.01; F

Note: a-SMA positive cells number: F, . - iime = 431.963,P<0.01;a-SMA mean A value: F,, =341.871,P<0.01;F, =462.819,P<

0.01. Compared with the simple PRK group,” P<0. 05;compared with the PRK+ normal saline gruup,bP<0. 05( Two-way ANOVA LSD-¢ test) «-SMA ; a-smooth

muscle actin; PRK ; photorefractive keratectomy ; bFGF ; basic fibroblast growth factor
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®3 BRAZRAREAERELBE TGF-g, &HRiALE (mean+SD)
Table 3 Comparison of TGF-@, expression in cornea at various time points
among the three groups ( mean+SD)

R ] &5 TGF-B, RIF I i 25 TGF-B,

4151 AR %k B 40 i 4 ¥ AE

RIE7d RE28 d RIETd Rig28d
Maf PRK 41 10 22.2£2.9  34.2+2.7  0.120£0.004 0. 1640. 007
PRK+4: F1h 7K 20 10 21.6+2.8  33.7+#1.9  0.118+0.007 0.165+0.010
PRK+bFGF 4] 10 29.1+2.8"  42.6+3.5" 0.175+0.009" 0.2210.015"

1 :TGF-B, FHYELN LKL : Fyyy = 54. 468, P<0.01; F iy =305. 418, P<0.01; TGF-B, -1 A
fH : Fyy gy =246.517,P<0.01; F . = 362. 898, P<0.01. 5 54l PRK 4 [ %4 ,"P<0.05; 5 PRK+
B K AL E P <0.05. (P % )5 2% 4 B, LSD-t K 36)  TGF-B, : # fb/E K A T8, 5
PRK: i 43 T-WOE It G A BT IR s DFGE : P J 2T 20k 4 g 2B IR R T

Note: TGF-B positive cells number: Foup- 54.468,P<0.01;F, . =305.418,P<0.01; TGF-B,
mean A value: F,  =246.517,P<0.01;F,,  =362.898,P<0.01. Compared with the simple PRK

group, * P<0. 05 ; compared with the PRK+ normal saline group,”P<0. 05( Two-way ANOVA ,LSD-¢

test)  TGF-B,: transforming growth factor B,; PRK: photorefractive keratectomy; bFGF: basic

fibroblast growth factor

x4 FASRMAFARE A E S HAE MMP-2 8 B &% Lk 8 (mean+SD)
Table 4 Comparison of the MMP-2 expression at various time points among
the four groups ( mean+SD)

AT B i) 55 MMP-2 AT B [l £5 MMP-2

25 HR %k P2 440 i % T AME

ARF7d ARJ528d ARJ57d ARJ528 d
25 H X A 4 8.8+1.7 8.8+1.0 0.050£0. 006  0.062+0.014
Bzl PRK 41 10 24.4x2.5°  33.9:2.4"  0.115£0.007" 0. 143:0. 006"
PRK+/4: Bl Eh 7k 4 10 23.8x2.3"  33.1x2.4*  0.116+0.009" 0.143x0.007"
PRK+bFGF 41 10 34.1x2.9™ 43.5£3.2"  0.160+0. 013" 0. 182x0. 010"

TE :MMP-2 FHPEAIEL : F gy = 246. 111, P<0. 015 F 1 = 125. 005, P<0.01; 35 A {l: Fyyyy =
272.615,P<0.01; Fyy =113.021,P<0.01, 575 (%) AL 4, P<0.05; 5 4l PRK 41 Hh 4% S P<
0.05; 5 PRK+AEFRER AL LU &L, “P<0. 05 (PR 3R J7 22 70, LSD- K 36 )  MMP-2.: Bk Jig 44
JB -2 PRK: v 23 T B0 D6 E A DT IR s DEGE - Bl 5 2 248 20 i A= 1< I 7

Note: MMP-2 positive cells number: F,  =246.111,P<0.01;F, . =125.005,P<0.01;mean
A value: ¥, =272.615,P<0.01;F, =113.021,P<0.01. Compared with the simple PRK
group, " P<0. 05 ; compared with the PRK+normal saline group, "P<0. 05 ; compared with the PRK+
normal saline group,‘P<0. 05 ( Two-way ANOVA,LSD-¢ test)
2; PRK : photorefractive keratectomy ; bFGF ; basic fibroblast growth factor

MMP-2; matrix metalloproteinase
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