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Abstract
·AIM: To explore the effect of SDF-1α on the development

of experimental corneal neovascularization (CRNV).

·METHODS: CRNV was induced by alkali injury in mice. The

expression of SDF-1α and CXCR4 in burned corneas was

examined by Flow Cytometry. Neutralizing anti-mouse

SDF-1α antibody was locally administrated after alkali injury

and the formation of CRNV 2 weeks after injury was assessed

by Immunohistochemistry. The expression of VEGF and C-Kit

in burned corneas was detected by RT-PCR.

·RESULTS: The number of CRNV peaks at 2 weeks after

alkali injury. Compared to control group, SDF-1α neutralizing

antibody treatment significantly decreased the number of

CRNV. RT-PCR confirmed that SDF-1α neutralizing antibody

treatment resulted in decreased intracorneal VEGF and C-Kit

expression.

·CONCLUSION: SDF-1α neutralizing antibody treated mice

exhibited impaired experimental CRNV through down

regulated VEGF and C-Kit expression.
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INTRODUCTION

C ornea is physiologically avascular and transparent. The
normal transparent state is maintained by blood barrier

which contributed to prevent any leukocytes and
hematopoietic cells infiltrate into corneal stroma [1], and
ensure the optical system to perform clarified visual
function. However, under some pathological conditions,
such as inflammation, chemical burn and infection which
leading to inflammatory cells infiltration and angiogenesis,
it would damage the transparent structure and at last cause
severe visual impairment[2].
As a chemokine receptor of SDF-1琢/CXCL12, CXCR4 is
widely expressed in monocytes, lymphocytes, hematopoietic,
endothelial progenitor cells and other cells [3]. It involved in
cell chemotaxis, adhesion, proliferation, apoptosis and other
functions after activation by its ligand of SDF-1琢 [4]. In
addition, the expression of CXCR4 was detected in vascular
endothelial cells, suggesting that SDF-1琢/CXCR4 axis may
play a critical role in angiogenesis [5]. It was concomitantly
with recent studies which revealed that SDF-1琢 can cause
posterior segment angiogenesis under pathological
conditions. They explained that CXCR4 was expressed on
hematopoietic stem cells, and SDF-1琢 could binding to its
receptor, and through the SDF-1琢-CXCR4 interaction, the
signaling pathway may lead to the occurrence of choroidal
neovascularization [6]. Meanwhile, induced by stimulation of
inflammatory factors such as FGF2 and VEGF, mature
endothelial cells can up-regulate the expression of CXCR4[7],
and this function would indirectly enhance the angiogenesis
signal.
The signaling pathway of SDF-1琢/CXCR4 plays a critical
role in ocular neovascular diseases such as choroidal
neovascularization, diabetic retinopathy and hypoxia-
induced retinopathy [8]. However, their function in other
diseases such as corneal neovascularization is yet unclear. In
order to delineate their possibly specific mechanism in
corneal neovascularization, we have prepared alkali-
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inducing experimental CRNV model using NaOH, topically
administrated neutralizing anti-mouse SDF-1琢 mAbs,
microscopically and immunostaining detected the occurrence
of corneal neovascularization, and examined the target gene
expression in injury corneas. Through these exploration and
resultant statistically analysis, the experiment conclusion
will provide us a new thinking about SDF-1琢/CXCR4
signaling pathway involvement in ocular neovascularization.
MATERIALS AND METHODS
Materials
Reagents and antibodies Sodium hyaluronate (HA) and
Avertin were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA). Neutralizing goat anti-mouse SDF-1琢
(CL9189AP) mAbs were purchased from CEDARLANE
Laboratories Ltd. (Burlington, Ontario, Canada), Rabbit
anti-mouse CXCR4 Ab (14-6009) was supplied from
eBioscience (San Diego, CA, USA). PE-labeled rabbit
anti-goat IgG Ab and FITC-labeled rat anti-rabbit IgG Ab
were purchased from Pierce Co. (Rockford, IL, USA). Rat
anti-mouse CD31 (MEC13.3) mAbs were purchased from
BD Pharmingen (San Diego, CA, USA).
Mice Specific pathogen-free 7 to 8 week old male BALB/c
mice weighing 20 to 25g were obtained from Shanghai
SLAC Laboratory Animal Co. Ltd and were kept in our
animal facility under specific pathogen-free conditions. All
animal experiments were done in accordance with the
Guideline for the Care and Use of Laboratory Animals on
the Chinese Medical Academy and the Soochow University
Animal Care Committee, and with the ARVO Statement for
the Use of Animals in Ophthalmic and Vision Research.
Animals were kept in groups of 5 and fed regular lab chow
and water ad libitum. A 12-hour day and night cycle was
maintained.
Methods
Alkali -induced corneal injury model Alkali-induced
corneal injury model was prepared for target genes and
proteins detection and CRNV areas analysis. Mice about 7
to 8 weeks old were divided into 2 groups. Each group
contained 10 mice. Among them, one group was treated
with neutralizing goat anti-mouse SDF-1琢 (CL9189AP)
mAbs, and another group was treated with 0.2% sodium
hyaluronate as control. Corneal injury was induced by
placing a 2mm2 filter disc saturated with 1N NaOH onto the
left eye of the mouse for 40 seconds as previously
described [9, 10]. In neovascularization enumeration or gene
detection experiments, the alkali-treated eyes received 5滋L
of anti-mouse SDF-1 mAbs dissolved in 0.2% sodium
hyaluronate at a concentration of 5滋g/mL, or 5滋L of 0.2%
sodium hyaluronate as vehicle twice a day for 7 days

immediately after the alkali injury. At the indicated time
intervals, mice were sacrificed, and whole eyes were
removed. The eyes were snap-frozen in O.C.T compound
for histological analysis, or the corneas were removed and
placed immediately into RNALate (Qiagen, German), and
kept at -86℃ until total RNA extraction was performed.
Each experiment was repeated at least three times.
Biomicroscopic examination Eyes were examined with a
slit lamp from Haag Streit (BQ 900誖 , Swiss made), and
results were photographed on day 14. In brief, under
anesthesia, photographs of the corneas were obtained using
a digital camera (Nikon, Tokyo, Japan) linked to the slit
lamp.
Enumeration of corneal neovascularization The fixed
cryosections (8滋m thick) were stained using anti-CD31
mAb. The numbers and sizes of the CRNV were determined
as described previously[9] by an examiner with no knowledge
of the experimental procedures. Briefly, images were
captured with a digital camera and imported into Adobe
Photoshop. Then, the numbers of neovascular tubes per
mm2, and the proportions of CRNV in the hot spots were
determined using NIH Image analysis software version 1.62
(National Institutes of Health, Bethesda, MD). Most
sections were taken from the central region of the cornea.
The numbers and areas of corneal neovascularization were
evaluated on at least two sections from each eye. The
relative neovascular area was compared between treated
group and control group. We used student's test to
statistically analyze the difference between treated and
control group.
Flow cytometrical analysis of SDF -1 and CXCR4
expression in injured corneas Relative cells were isolated
from corneas according to the procedure described
previously with some modifications [9]. Briefly, at 2-4 days
after the alkali injury, corneas were removed, teased away
with scissors, and were incubated at 37℃ for 40 minutes
with constant shaking in the presence of 0.5mg/mL collagenase
type D (Roche Diagnostics, Mannheim, Germany). Cell
suspensions were then passed over a nylon filter with
100-滋m pore size. The resultant cells were further stained
with goat anti-mouse SDF-1琢 mAbs and Rabbit anti-mouse
CXCR4 Ab respectively following by staining with
PE-labeled rabbit anti-goat IgG Ab or FITC-labeled rat anti-
rabbit IgG Ab. Fluorescence intensities were determined
with the help of FACS Calibur (Becton Dickinson), together
with the samples stained with non- immunized rabbit IgG or
rat IgG as an isotype control separately.
Semi -quantitative reverse transcription (RT) -
polymerase chain reaction (PCR) Total RNAs were
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extracted from the corneas with the use of RNeasy Mini Kit
(Qiagen, German). The resultant RNA preparations were
further treated with ribonuclease-free deoxyribonuclease
(DNase) I (Life Technologies Inc., Gaithersburg, MD) to
remove genomic DNA. 2滋g of total RNAs were
reverse-transcribed at 42℃ for 1 hour in 20滋L of reaction
mixture containing mouse Moloney leukemia virus reverse
transcriptase and hexanucleotide random primers (Qiagen).
Serially two-fold diluted cDNA was amplified for GAPDH
to estimate the amount of transcribed cDNA. Then, equal
amounts of cDNA products were amplified for the target
genes using the primers under the following conditions;
denaturation at 94℃ for 2 minutes, followed by the optimal
cycles of 30 sec at 94℃ , 35 sec at 56-58℃ , 35 sec at 72℃ ,
and a final 10 minutes extension step at 72℃ . Primers and
PCR conditions used were shown in Table 1. The amplified
PCR products were fractionated on a 1.5% agarose gel and
visualized by ethidium bromide staining. The band
intensities were measured and their ratios to GAPDH were
determined with the aid of NIH Image Analysis software.
Statistical Analysis The means and standard error of the
mean (SEM) were calculated for all parameters determined
in the study. Values were processed for statistical analyses
(Student's test) with statistic software SPSS 15.0. A value
of < 0.05 was considered statistically significant.
RESULTS
Intracorneal Expression of SDF -1琢 and CXCR4
between Normal Corneas and Alkali -burned Corneas
We have previously examined target genes expression
including SDF-1琢 and CXCR4 in mice corneas [11]. In this
study, we further examined the protein expression of
SDF-1琢 and CXCR4 in corneas after alkali-induced corneal
injury by FCS. We found that the protein expression of
SDF-1琢 and CXCR4 was detectable in alkali-induced
corneas and normal corneas compared to IgG isotype
negative control, their expression was markedly increased at
day 4 after alkali injury ( <0.05,Figure 1). The enhanced
intracorneal SDF-1琢 and CXCR4 protein expression
suggests the possible involvement of the SDF-1琢-CXCR4

interactions in alkali-induced CRNV.
Corneal tissues were pooled 4 days after injury from
alkali-burned mice or untreated mice. Each test of tissues
was immunostained with anti-SDF-1琢 and CXCR4 antibody
respectively. Ab host originated isotype IgG as negative
control. The intracorneal SDF-1琢 and CXCR4 protein
expression were tested by FCS. The representative results
from five to eight animals are shown above. Each value
represents mean 依SEM ( = 5-8 animals). The data was
analyzed by test. a <0.05 control.
Effects of Neutralizing Anti-mouse SDF-1琢 mAbs on
Alkali Injury Induced Experimental CRNV We stepped
to explore the effects of neutralizing anti-mouse SDF-1琢
mAbs on alkali-induced CRNV. CRNV was macroscopically
evident in BALB/c mice 2 weeks after the injury. All of the

Table 1 Specific sets of primers and conditions of PCR 
Primers Nucleotide sequence(5’→3’)sense/anti-sense Annealing temperature(℃) PCR Cycles 
VEGF 5'-AGCCGAGCTCATGGACGGGT-3' 

5'-GCACGCACTCCAGGGCTTCA-3' 
56 35 

C-Kit 5'-TCGCAGCTGGCGCGATGG-3' 
5'-AGTGCCGCTTCTGCCTGCTC-3' 

57 35 

CXCR4 5'-TTTGCCGACGTCAGCCAGGG-3' 
5'-GGATG ACGATGCCGGGCAGG-3' 

58 37 

SDF-1α 5'-TGCCCCTGCCGGTTCTTCGAG-3' 
5'-CTGTTGTTGTTCTTCAGCCGT-3' 

57 35 

GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 
5'-TCCACCACCCTGTTGCTGTA-3' 

58 25 

 

Figure 1 SDF -1琢 and CXCR4 protein expression in normal
and alkali injured corneas.
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corneas showed stromal opacification and none of them
exhibited perforation. Alkali induced CRNV in neutralizing
anti-SDF-1琢 mAb treated mice was markedly decreased
compared to control mice(Figure 2A,B). Immunohistochemical
analysis using anti-CD31 antibodies revealed similar
tendencies in anti-SDF-1琢 mAbs or vehicle treated BALB/c
mice even at microscopical levels (Figure 2C-F). These
results would indicate the involvement of SDF-1琢-CXCR4
axis in alkali-induced CRNV.
Reduced mRNA Expression of and in the
Wound Corneas in Neutralizing Anti -mouse SDF -1琢
mAbstreated mice We previously revealed that the VEGF
and C-Kit expressing cells are located in the corneal matrix
after alkali injury [10,11]. In order to further delineate the roles
of SDF-1琢-CXCR4 axis in CRNV, we next examined the
effects of neutralizing anti-mouse SDF-1琢 mAbs on the
expression of C-kit and VEGF. By RT-PCR we observed
the mRNA expression of CXCR4 and SDF-1琢 were reduced
in SDF-1琢 mAbs treated mice compared to control mice.
C-kit and VEGF in corneas of neutralizing anti-mouse
SDF-1琢 mAbstreated mice was reduced compared to
vehicle treated mice (Figure 3, <0.05). These observations
would indicate that neutralizing anti-mouse SDF-1琢 mAbs
can block the function of SDF-1琢-CXCR4 interaction to
stimulate VEGF expression and C-kit+ cells infiltration.
DISCUSSION
SDF-1琢 is a member of CXC- chemokine family which
involves in the migration of bone marrow progenitor cells [12]

and previous reports indicated that Bone marrow-derived
endothelial progenitor cells (BM) migration can promote the
occurrence of choroidal neovascularization [13]. Therefore, in
our study, we speculated that SDF-1琢 may promote CRNV
by recruiting stem cells migration to injured corneas. We
have detected the expression of SDF-1琢 and CXCR4 in the
corneal stroma with or without alkali injury. To further
observe the role of CXCR4/SDF-1琢 axis in alkali induced
CRNV, we next topically administrated neutralizing
anti-SDF-1琢 mAbs after alkali injury. The results showed
that the intracorneal C-Kit mRNA expression in neutralizing
anti-SDF-1琢 mAbs treated group was markedly reduced
compare to vehicle treated mice. There is evidence that BM
source of C-Kit-positive cells can differentiate into vascular
endothelial cells and promote angiogenesis [14]. Therefore,
our results revealed that anti-SDF-1琢 neutralizing antibody
could halt C-Kit-positive cells infiltration into alkali injured
corneas, thereby reducing the alkali-induced CRNV.
In our experiment, we also found that the VEGF gene
expression in SDF-1琢 antibody treated group decreased
significantly. There is evident that VEGF expression is

related to SDF-1琢/CXCR4 signaling pathway. On one hand,
VEGF can chemotaxis CXCR4-positive bone marrow-
derived hematopoietic stem cells to sites of inflammation
through its receptor-1 and up-regulate CXCR4 expression
on these cells[15]. Namely, VEGF involves in SDF-1/CXCR4
signal regulated angiogenesis [16]. On the other hand,
CXCR4/SDF-1琢 axis can induce Akt kinase phosphorylation,
and ultimately enhance the expression of VEGF both of
mRNA and protein, thereby promoting VEGF-mediated
angiogenesis [17]. Recent report reveals that SDF-1琢 can
affect angiogenesis by acting on types of cells other than
monocytes/macrophages. It is generally believed endothelial

Figure 2 Alkali injury-induced CRNV in anti-SDF-1琢 mAbs
treated and vehicle treated BALB/c mice A, B: Macroscopic
appearance of eyes from vehicle and anti-SDF-1琢 mAbs treated
BALB/c mice 2 weeks after alkali injury; C, D: Tissues were
immunostained with anti-CD31 antibody, and representative results
are shown here. Original magnifications伊400; E: CRNV numbers
per square millimeter in whole section; F: Percentage CRNV areas
in hot spots were determined from the corneas obtained from
vehicle and anti-SDF-1琢 mAbs treated BABL/c mice 2 weeks after
injury. Each value represents mean依SEM ( =5-8 animals). a <
0.05 vehicle-treated mice.
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Figure 3 RT-PCR analysis of gene expression in the injured corneas of vehicle and anti-SDF-1琢 mAbs treated BALB/c mice A:
Representative result from three independent experiments of RT-PCR; B-E: Ratios of indicated genes to GAPDH of alkali-injured vehicle
(black bar) and anti-SDF-1琢 mAbs treated BALB/c mice (grey bar) determined by RT-PCR at the indicated time intervals after alkali injury.
All values represent mean依SEM ( =5-8 animals). a <0.05 vehicle-treated mice.

cells derived from endothelial progenitor cells (EPCs) play
critical roles in the corneal neovascularization. The
recruitment pathway for EPCs is dependent on the
chemokine SDF-1琢 and its receptor CXCR4 on the
progenitor cell. Reported data indicate myeloid lineage cells
can also serve as endothelial progenitor cells and contribute
to neovascularization and SDF-1琢 can enhance and
accelerate the differentiation of myeloid cells to endothelial
cells [18]. More over, Kijowski and colleagues [19] observed
SDF-1琢 augments the lymphoid cell lines VEGF production.
Thus, the differentiate potential of CXCR4+ bone marrow
derived EPCs to the endothelial progenitor cells would
further facilitate the CRNV. Published data suggest the
CXCR4 expression and function such as tube formation and
migration to SDF-1琢 in human retinal microvascular
endothelial cells [20]. More over, stimulation of vascular
endothelial growth factor (VEGF) and basic fibroblast
growth factor (bFGF) increases the expression of CXCR4
on endothelial cells, suggesting VEGF and bFGF enhanced
CXCR4-dependent neovascularization [21]. Our experiments
showed that SDF-1琢 antibody intervene in the early phase
after alkali injury could decrease intracorneal VEGF mRNA
expression.
In summary, we can conclude that SDF-1琢 neutralizing
antibody can reduce the occurrence of CRNV. SDF-1琢
neutralizing antibody treatment exhibited impaired
experimental CRNV through down regulated VEGF and
C-Kit expression These results would provide a theoretical
basis for the feasibility of using SDF-1琢 neutralizing
antibody to inhibit the occurrence of ocular
neovascularization.
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