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Purpose: To evaluate the effects of the vascular endothelial growth factor inhibitor con
bercept (KH902) on corneal neovascularization and wound healing following penetrating 
keratoplasty in rabbits.
Methods: Conbercept was administered to New Zealand white rabbits through topical and 
subconjunctival routes. Corneal neovascularization and wound healing were examined by 
slit-lamp photography and histological analyses. The expressions of vascular endothelial 
growth factor inhibitor, α-smooth muscle actin, and keratocan in the corneal grafts were 
measured by real-time quantitative polymerase chain reaction (RT-qPCR).
Results: The anterior segment photographs demonstrated that corneal neovascularization 
started in the 2nd week. In the 4th week, histologically, the superficial corneal stroma layer 
showed disordered arrangement, and there were large numbers of dense inflammatory cells 
and blood vessels in the stroma layer. Vascular endothelial growth factor in the experimental 
groups was significantly decreased at all time points compared with the control group (both 
P = 0.001). Expression of α-smooth muscle actin in corneal grafts demonstrated an increase 
in time even it was lower in experimental groups, but the difference was not statistically 
significant (P equaled to 0.507 and 0.723, respectively). There were no significant differences 
with the expression of keratocan in all groups except that it significantly declined at the 4th 
week as to the second week in all groups and P values were 0.022, 0.020 and 0.014 in control 
(C), topical (E1), and subconjunctival (E2) group, respectively.
Conclusion: The study found that conbercept inhibited the formation of corneal neovascu
larization without affecting keratocan-mediated corneal wound healing and there were no 
significant differences between topical administration of different doses of conbercept on the 
rabbit corneal neovascularization after penetrating keratoplasty in this study.
Keywords: α-smooth muscle actin, conbercept, corneal neovascularization, keratocan, 
penetrating keratoplasty, vascular endothelial growth factor, VEGF

Introduction
Corneal disorders are a major cause of blindness worldwide. Keratoplasty is the most 
common surgical intervention used for the treatment of corneal blindness.1 However, 
despite the use of conventional immunosuppressants, graft rejection is a major risk 
factor associated with keratoplasty, particularly in high-risk patients with contraindica
tions to corticosteroids.1–3 Previous reports have shown that the rate of graft rejection 
may be as high as 60–90%, depending on the criteria used to classify “high-risk”.4 One 
of the major factors causing graft rejection is corneal neovascularization (CNV). CNV 
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is the formation of a new blood vessel outgrowth from the 
limbus that leads to the loss of transparency of the cornea, 
thus leading to graft failure.3,5 The development of CNV is 
mainly induced by chronic hypoxia and inflammation, which 
may be associated with the prolonged usage of contact lens, 
ocular trauma, uveitis, glaucoma, and various immunological 
disorders.6 The mechanism underlying CNV may be through 
the molecular pathways associated with angiogenesis.7 To 
date, due to the lack of specific treatments, selected immu
nosuppressive agents and topical steroids remain the widely 
used therapeutic interventions for the clinical management of 
CNV, despite their known adverse effects associated with 
long-term use.

Novel therapies targeting angiogenic (fibroblast growth 
factor (FGF), vascular endothelial growth factor (VEGF)) 
and anti-angiogenic (angiostatin, endostatin, pigment epithe
lial-derived factor) factors have been previously employed in 
CNV, age-related macular degeneration (AMD) and certain 
other conditions.2,6,8 Currently, anti-VEGF agents are widely 
utilized in antiangiogenic therapy.2,8

A novel anti-VEGF agent, conbercept (KH902), a fusion 
receptor protein consisting of a human immunoglobulin Fc 
region and VEGF receptor extracellular domains, was devel
oped by Chengdu Kanghong Biotechnology Co. Ltd., 
Chengdu, China, and approved for the treatment of wet 
AMD by the State Food and Drug Administration of China 
in December 2013. The chemical structure of conbercept is 
similar to that of aflibercept, which is an anti-VEGF agent that 
binds to all the isoforms of VEGF-A, VEGF-B, and placental 
growth factor (PIGF). However, conbercept has a higher affi
nity to VEGF compared to aflibercept because of an additional 
fourth Ig-like domain of VEGFR-2 in the Fab fragment, which 
improves the three-dimensional structure and increases the 
dimerization efficiency of conbercept.9,10

Thus, this study aims at evaluating the effects of conber
cept on rabbit CNV following penetrating keratoplasty (PKP) 
by measuring the expression levels of VEGF. We also ana
lyzed the expression of α-smooth muscle actin (α-SMA), 
a marker associated with myofibroblasts. Furthermore, we 
identified the corneal wound healing by analyzing the kerato
can expression levels and the general histological changes in 
the rabbit eye. Many factors attributes to the wound healing. 
Keratocan, one of 3 principal keratan sulfate proteoglycans in 
the extracellular matrix with long keratan sulfate chains, is 
characteristically expressed in the cornea and it preserves 
corneal transparency and intensity.11 The core protein of ker
atocan is encoded by the KERA gene, which is a member of 
class II small leucine-rich repeat proteoglycan (SLRP) gene 

family.12 In the process of evolution, the keratocan expression 
has gradually reduced in most tissues except the cornea, and it 
is more regulated than the other members of the keratan 
sulfate proteoglycans family. Although keratocan in the cor
nea comprises only a few portions of the SLRPs, the absence 
of keratocan may cause.12 Wound healing in the cornea is 
a complicated process, and its mechanism including the 
underlying genetic factors are not fully understood yet.

Materials and Methods
Animals
All the animal study protocols for the experiments conducted 
were reviewed and approved by the Institutional Animal 
Care and Use Committee of Hebei Medical University, 
Hebei, China. The protocols adhered to the ARVO 
Statement for the Use of Animals in Ophthalmic and 
Vision Research. 108 New Zealand white adult rabbits, 
weighing 2.2–2.8 kg, were obtained from Animal Research 
Center of Hebei Medical University (Shijiazhuang, Hebei, 
China).

Experimental CNV Model
All the procedures were carried out using rabbits under 
general anesthesia by intravenous injection of pentobarbi
tal sodium 2% (1.5 mL/kg). In total, 36 rabbits were 
sacrificed and both the eyes were enucleated, and these 
72 corneas were harvested as donors for further corneal 
transplantation. Topical proparacaine (0.5%) was applied 
to the corneal surface and topical pilocarpine 1% (Wuhan 
Wujing Pharmaceutical Co. Ltd., Wuhan, China) was used 
to contract the pupil before conducting the surgical proce
dure. PKP was performed on the right eye of 72 rabbits. 
The sutures were placed and the knots tied, but not buried, 
to stimulate the formation of CNV (Figure 1).

After PKP, these 72 rabbits were randomly divided into 
3 groups (n = 24), namely, control (C), topical (E1), and 
subconjunctival injection (E2) groups. All the rabbits were 
administered routine topical tobramycin eye drops (Alcon, 
Novartis, USA) every 2 hours/day for 2 weeks postopera
tively including control group. In order to allow neovas
cularization to occur, no corticosteroid eye drops were 
administered postoperatively as is routinely done follow
ing surgery. While in the E1 group, topical conbercept 
(5%) were administered 4 times a day, in the E2 group, 
a subconjunctival injection (0.1 mL) of 10% conbercept 
was administered only once a week during the 8 weeks of 
this study.
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Slit-Lamp Photographic Data and General 
Histology
All the rabbits were examined by slit lamp every other day 
for the first 2 weeks to observe the corneal wound healing 
and the formation of neovascularization, followed by 
examination once a week in this study. Corneal graft 
samples obtained at the 2nd, 4th, 6th, and 8th weeks were 
processed for light microscopy. These samples were 
embedded in paraffin blocks to obtain 5 μm cross- 
sections for hematoxylin and eosin (H & E) staining.

RNA Isolation and RT-qPCR of Corneal 
Grafts
6 rabbits from each group were sacrificed at the end of the 2nd, 
4th, 6th, and 8th weeks postoperatively. The corneal grafts were 
extracted and stored at −80 °C until they were analyzed. Total 
RNA was isolated from the pooled rabbit corneal grafts in each 
group using an RNA extraction kit (Beijing Zhuangmeng 
International Bio-Gene Technology Co. Ltd., Beijing, China). 
After confirming the purity and structural integrity of the total 
RNA samples using NanoDrop 1000 Spectrophotometer 

(Thermo Fisher Scientific, Waltham, MA, USA) and 1.5% 
agarose gel electrophoresis, respectively, 5 µg of RNA 
from each group was reverse transcribed using Reverse 
Transcriptase Kit (M-MLV) (Beijing Zhuangmeng 
International Bio-Gene Technology Co. Ltd., Beijing, China), 
according to the manufacturer’s protocol. The obtained cDNA 
was stored at −20 °C for further real-time quantitative poly
merase chain reaction (RT-qPCR). qPCR was then performed 
using 0.5 µL cDNA as a template and the primers listed in 
Table 1 (Bosheng Chemical Limited Co., Shijiazhuang, 
China). Subsequent amplification was performed using the 
fast RT-PCR system (ABI 7500, Blue Lion Biotech, 
Carnation, WA, USA). The amplification protocol consisted 
of 94 °C for 3 minutes; followed by 40 cycles of 94 °C for 15 
seconds of denaturation, 60 °C (30 seconds) of annealing, and 
72 °C (30 seconds) of extension.

Assessment of Corneal VEGF, α-SMA and 
Keratocan Levels
The expressions of VEGF, α-SMA, and keratocan in the 
cornea were measured by RT-qPCR using commercial 

Figure 1 Slit-lamp photographs of corneal grafts in control (A-C), E1 (D-F), and E2 (G-I) groups at the end of the 2nd, 4th, and 8th week, respectively. These images show 
that the corneal grafts in the control group had numerous blood vessels (A-C) as compared to the E1 (D-F) and E2 (G-I) groups at the 2nd, 4th, and 8th week, respectively. 
The formation of corneal neovascularization was prominently visible at the end of the 4th week (B, E, H) in all the groups.
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primers (Table 1). GAPDH was used as an internal reference. 
The values for VEGF, α-SMA, and keratocan expression 
were analyzed in comparison to the values for GAPDH 
expression. The gene expression of the samples was 
expressed by the cycle threshold (Ct). ΔCt was calculated 
by the difference between the Ct of the target gene for each 
sample and the Ct of the internal reference, ΔΔCt was the 
difference between ΔCt between the different groups of 
the sample, which was expressed as 2−ΔΔCt, relative to the 
expression of the gene.

Statistical Analysis
Statistical analyses were performed on the computer (SPSS, 
ver. 6.1; SPSS Science, Chicago, IL, USA). The results were 
expressed as mean ± standard deviation (M ± SD). The experi
mental groups were compared with the control group using the 
one-way analysis of variance (ANOVA) test. The values with 
P < 0.05 were considered to be statistical significance.

Results
Morphologic Evaluation
Throughout the 8 weeks duration of this study, we recorded 
the morphologic changes in the corneal grafts obtained from 
groups C, E1, and E2 by slit-lamp examination (Figure 1). 
The images of the anterior segment show that CNV started in 
the 2nd week, postoperatively. Slit-lamp examination showed 
that the corneal grafts in the control group developed numer
ous blood vessels (Figure 1A-C) as compared to the grafts in 
groups E1 (Figure 1D-F) and E2 (Figure 1G-I) at the 2nd, 4th, 
and 8th week, respectively. Neovascularization seemed to be 
most prominent in the 4th week in all the experimental groups 
(Figure 1B-H), and it decreased by the 8th week postopera
tively (Figure 1C-I). The histological examination of the 
control group revealed that the collagen fibers were arranged 
neatly, the corneal stroma had inflammatory cells infiltration 
and neovascularization had developed especially in the 
superficial stroma layer at 2nd week (Figure 2A). In the 4th 

week, the superficial corneal stroma layer showed disordered 
arrangement, and there was a large number of dense inflam
matory cells and blood vessels in the stroma layer (Figure 

2B). In the 6th week, derangement of collagen fibers, 
a monolayer of endothelial cells near the neovascular 
lumen, and the accumulation of inflammatory cells around 
the neovascularization were observed (Figure 2C). In the 8th 

week, in addition to the derangement of collagen fibers, 
significant fibroblast proliferation, and scar formation were 
seen. The number of inflammatory cells and blood vessels 
decreased (Figure 2D). As compared to the control group, 
fewer inflammatory cells and blood vessels were observed in 
the corneal stroma layer in E1 (Figure 2E-H) and E2 (Figure 
2I-L) groups at the same time points.

Expression of VEGF mRNA in the 
Corneal Grafts
The expression of corneal VEGF in the control and experi
mental groups increased at first and then declined with time, 
with the highest level of VEGF was recorded in the 4th week 
during the 8 weeks study (Figure 3). The expression of VEGF 
was then declined at all checked time points, as compared to 
the control group, the E1 and E2 groups both showed signifi
cant differences (both P = 0.001, ANOVA) (Table 2). There 
were no significant differences in the expression of VEGF 
between the experimental E1 and E2 groups (P = 0.805).

Expression of α-SMA in the Corneal Grafts
A time-dependent increase in the levels of α-SMA was 
observed in all the groups (Figure 4). In general, the 
expression levels of α-SMA in all the experimental groups 
tended to be somewhat lower than that in the control group 
at all the 4 time points of 2nd, 4th, 6th and 8th week, 
however, the differences were not statistically significant, 
control vs E1 group (P = 0.507), control vs E2 group (P = 
0.723) (Table 3). The data for the expression of α-SMA in 
the corneal grafts are summarized in Table 3.

Expression of Keratocan in the Corneal 
Grafts
The details of keratocan expression in the corneal grafts 
are outlined in Table 4. The keratocan expression levels 

Table 1 Specific PCR Primers Used for the Amplification of the VEGF, α-SMA and Keratocan

Target Gene Upstream Downstream Product Size (bp)

GAPDH gtcgtctcctgcgacttcaa gattctcagcgtggtgggac 272
VEGF ggcgaggcagcttgagtt cattggcgatcagtctttccc 134

α-SMA tccagagcgcaaatactccg acagagcagggaagtgacttag 151

Keratocan tccagctgtctcacaatcgc tccaggcggaggtagctaag 184
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declined with time in the control, E1, and E2 groups 
(Figure 5). As compared to the control group, both the 
E1 and E2 groups did not show significant differences (P= 
0.832 and 0.740, respectively) (Table 4). Keratocan 
expression significantly dropped in the 4th week as com
pared with the 2nd week in all groups (P = 0.022, 0.020, 
and 0.014 in groups C, E1, and E2 respectively). Then it 
reduced from the 6th week onwards.

Discussion
Avascularity is crucial for corneal transparency and mainte
nance of visual acuity.2–4,13 Numerous antiangiogenic systems 
regulating corneal avascularity and thus facilitating clear 
vision and angiogenic prerogative, have been previously 
identified.14 CNV causes various ocular surface 
disorders13,15,16 that may be clinically challenging and lead 
to a significant loss of visual function.2,17 VEGF is one of the 
most important factors involved in the pathogenesis of CNV. 
Various members of the human VEGF family, such as VEGF- 
A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor 
(PlGF), have been previously identified.18 Receptor tyrosine 
kinases (RTKs) of the VEGF receptors, VEGFR-1 (Flt-1), 
VEGFR-2 (KDR/Flk-1), and VEGFR-3 (Flt-4), communicate 
with the respective VEGFs.18 The most significant member of 
the VEGF family, VEGF-A, plays an important role in angio
genesis by binding to VEGFR-2, and thus stimulates the 
process of migration and proliferation of the vascular endothe
lial cells, as well as increasing the dilation and permeability of 
blood vessels.19–21 VEGFs mediate the development of lym
phatic and blood vessels by regulating angiogenesis. 

Figure 3 Changes of corneal VEGF mRNA expression in different groups.

Figure 2 Representative light micrographs showing the collagen fibers arranged regularly in the control group. The corneal stroma showed inflammatory cell infiltration and 
the formation of neovascularization especially in the superficial stroma layer in the 2nd week (A). At the end of the 4th week, the superficial corneal stroma layer 
demonstrated disordered arrangement, and there were a large number of dense inflammatory cells and blood vessels in the stroma layer (B). In the 6th week, derangement 
of collagen fibers, the formation of a monolayer of endothelial cells near the neovascular lumen, and the accumulation of inflammatory cells around the neovascularization 
were observed (C). In addition to the derangement of collagen fibers, fibroblast proliferation and scar formation were significantly visible. The number of inflammatory cells 
and blood vessels decreased in the 8th week (D). Compared with the control group, fewer inflammatory cells and blood vessels were observed in the corneal stroma layer in 
groups E1 (E-H) and E2 (I-L) at the same time points. The triangles show corneal neovascularization, the arrows indicate inflammatory cells. Scale bars, 50 µm.
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Furthermore, they are upregulated in inflamed and vascular
ized corneas in both, animals and human beings.22 Similarly, 
the binding of VEGF-C or VEGF–D to VEGFR-2 or VEGFR 
−3 accelerates lymphangiogenesis.23,24 VEGFs also act as 
chemo-attractants for inflammatory cells like macrophages 
that generate additional pro-angiogenic factors.25

Current clinical strategies for the management of CNV 
mainly involve the use of non-steroidal anti-inflammatory 
agents and corticosteroids. However, serious adverse 
effects, such as corneal melting and elevated intraocular 
pressure, have been associated with the prolonged use of 
these drugs.2,17,26 In this study, to better observe the 
effects of conbercept (KH902) on CNV in the rabbit 
model, corticosteroid eye drops were not administered 
postoperatively, as routinely advised. The alternative treat
ments for CNV involve fine-needle diathermy, laser photo
coagulation, and photodynamic therapy;27–29 however, 
corneal stromal injuries and regrowth of blood vessels 
are often associated with these procedures. Surgical inter
ventions for recovering the ocular surface, such as amnio
tic membrane transplantation, have also been investigated 
and have variable degrees of success in CNV treatment.30

Recent studies have suggested that drugs targeting VEGF 
may have therapeutic potential in CNV.18,31-33 Anti-VEGF 
agents, ranibizumab and bevacizumab, are humanized mono
clonal antibodies that selectively bind to the isoforms of 
VEGF-A and thus inhibit it efficiently.34 Bevacizumab was 
initially approved for the treatment of metastatic colorectal 
cancer. For use in CNV, the preferred route of administration 
is generally topical. Several studies have examined the dose- 
response relationship of bevacizumab administered topically 
for the management of CNV.35,36 However, Kim et al37 have 

Figure 4 The changes of expression of corneal α-SMA in different groups after PKP.

Table 2 The Expression of VEGF mRNA in the Cornea Grafts of 
Rabbits

Group 2 
Weeks

4 
Weeks

6 
Weeks

8 
Weeks

P values

Control 0.904 

±0.253

1.290 

±0.283

0.568 

±0.133

0.495 

±0.121

E1 0.482 

±0.169

0.895 

±0.211

0.296 

±0.155

0.150 

±0.047

0.001

E2 0.521 
±0.180

0.812 
±0.223

0.207 
±0.064

0.177 
±0.088

0.001

Table 3 The mRNA Expression of α-SMA in the Cornea of 
Rabbits

Group 2 
Weeks

4 
Weeks

6 
Weeks

8 
Weeks

P values

Control 0.442 

±0.155

0.860 

±0.137

1.596 

±0.349

1.748 

±0.172

E1 0.340 

±0.151

0.710 

±0.121

1.352 

±0.145

1.752 

±0.270

0.507

E2 0.418 
±0.151

0.760 
±0.090

1.410 
±0.148

1.796 
±0.262

0.723

Table 4 The mRNA Expression of Keratocan in the Cornea of 
Rabbits

Group 2 
Weeks

4 
Weeks

6 
Weeks

8 
Weeks

P values

Control 1.342 

±0.334

0.798 

±0.271

0.410 

±0.116

0.307 

±0.180

E1 1.220 

±0.251

0.820 

±0.185

0.390 

±0.178

0.308 

±0.233

0.832

E2 1.214 

±0.253

0.762 

±0.200

0.349 

±0.117

0.348 

±164

0.740

Figure 5 Changes of corneal keratocan mRNA expression in different groups.
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the use of topical bevacizumab (1.25%) for 2 months may 
lead to the loss of integrity of the corneal epithelium and 
stromal thinning. Thus, it is important to be cautious while 
using topical bevacizumab in patients with a deficiency of 
corneal epithelial for a prolonged period. In addition, inhibit
ing new blood vessel development by neutralizing VEGF-A 
has been shown to enhance corneal graft survival in various 
animal models.38 Specifically, ranibizumab has been pre
viously shown to significantly lower CNV in rats.39 Owing 
to its lower molecular weight (48 kD) and size (1/3rd) com
pared to bevacizumab, ranibizumab can penetrate the cornea 
more efficiently and thus manage CNV more effectively than 
bevacizumab.17 Topical ranibizumab also diminishes the 
severity of CNV by decreasing the caliber of blood 
vessels.15 It has been reported that conbercept significantly 
improves visual acuity and enhances anatomical outcomes in 
patients with neovascular AMD, polypoidal choroidal vas
culopathy (PCV), and other ocular neovascular disorders.8– 

10,40,41 But the efficacy of conbercept in the treatment of 
CNV has not been widely reported yet.42,43

A previous study on conbercept demonstrated that it 
significantly inhibits the formation of new blood vessels 
and promotes the recovery of existing vessels in a mouse 
model of alkali burn-induced CNV, and the cornea tissue 
shows a reduction in the levels of PIGF and VEGF.42 In 
this study, we found that VEGF expression in corneal 
grafts in all the groups increased with time, and the peak 
levels were seen in the 4th week postoperatively, and 
then dropped gradually. This trend may be related to 
the severity of corneal inflammation associated with 
surgical wound healing. Wu et al43 reported that topical 
conbercept is an effective therapeutic intervention in the 
alkali burn-induced rabbit model of CNV. The authors 
also reported that the inhibition of VEGF expression 
gradually enhances with an increase in the concentra
tions of conbercept. But there were no significant differ
ences between the groups of different concentrations.

In this study, we found that corneal repairing and 
neovascularization were very prominent before the 4th 

week. After the 4th week, it got into a renovating period 
where the concentration of VEGF and other inflammatory 
factors in corneal tissue started decreasing gradually, thus 
leading to the regression of immature neovascularization 
but had no significant effects on mature neovasculariza
tion, and the severity of CNV declined. The changes of 
CNV observed by slit lamp were consistent with the 
changes of VEGF measured in the experiment.

Activation of myofibroblasts starts following various 
injuries to repair damaged extracellular matrix (ECM) in 
cornea. The basic processes regulating myofibroblast for
mation and its function are quite similar in all tissues.44 

Fibroblasts differentiate into myofibroblasts in granulation 
tissue, which are characterized by α-SMA expression. The 
induction of α-SMA in corneal stromal cells promotes 
their contraction for wound closure and extracellular 
matrix remodeling.45 Our study revealed that the expres
sion of α-SMA in all of the experimental groups tended to 
be somewhat lower than that in the control group during 
the 8 weeks experiment, however, the differences were not 
statistically significant as comparing to the control group.

We found that the keratocan expression declined with 
time in all the experimental groups including the control 
group following PKP. There were no other significant differ
ences between groups except the significant decline in kera
tocan expression in the 4th week as compared to the 2nd week. 
This indicated that surgical injury to the cornea led to 
a decrease in the corneal stromal cells following PKP and 
a simultaneous increase in keratocan expression. After the 
initial keratocyte apoptosis, increasing numbers of cells 
experience the pro-inflammatory process of necrosis. 
Migration and proliferation of the existing keratocytes pro
ceeded from 12 to 24 hours, which aroused activated kera
tocytes, fibroblasts, and myofibroblasts that were responsible 
for the regrowth of the exhausted stromal cells.46 This study 
did not find the different concentrations of topical conbercept 
affecting the corneal transparency by regulating keratocan 
mediated corneal wound healing.

Conclusion
The serious condition of CNV has long been identified but 
effective therapies are still lacking. In this preliminary study, 
we demonstrated that conbercept inhibited the formation of 
CNV following PKP without affecting the wound healing 
process in the rabbit model of CNV. There were no signifi
cant differences in the efficacy of different concentrations of 
topical conbercept used postoperatively. There is still a need 
for quantifying the histology and microscopy data in the 
future. The efficacy and safety of topical conbercept against 
CNV in humans need further investigation.
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