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Abstract: Objective: This study explores the correlations of stromal cell-derived factor-1 (SDF-1) and CXC chemo-
kine receptor 4 (CXCR4) levels with caspase-3 expression in the retina of rats after optic nerve injury. Materials
and methods: A total of 24 adult healthy specific pathogen-free Sprague-Dawley rats were selected and randomly
divided into an optic nerve injury group (n=16) and an optic nerve sham-injury group (n=8). The optic nerve injury
group was further sub-divided into a 3 d group (n=8) and a 7 d group (n=8) after their injuries. In the optic nerve in-
jury group, the left eye of each rat was removed and prepared for the optic nerve injury model using the optic nerve
clamping method. In the sham-injury group, the optic nerve in the left eye was only exposed without being clamped.
The rats were sacrificed at 3 d and 7 d after their optic nerve injuries, and the retina was isolated. The expressions of
SDF-1, CXCR4, and caspase-3 in the retina of the rats in each group were measured using an immunohistochemical
method. Messenger ribonucleic acid (MRNA) and the protein expressions of SDF-1, CXCR4, and caspase-3 (cleaved
caspase-3) in the retinas of rats were measured using quantitative real-time polymerase chain reaction (QPCR) and
western blotting, respectively. Moreover, the correlations of the expression of SDF-1 and CXCR4 with caspase-3
expression were analyzed using the Spearman method. The apoptosis of retinal ganglion cells of rats in each group
was observed using terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining. Re-
sults: Immunohistochemistry of the retinas revealed that, compared with those in the sham-injury group, the expres-
sions of SDF-1 and CXCR4 in the retina in the 3 d group and the 7 d group were gradually increased. Caspase-3
expression was significantly elevated at 3 d after the injuries, but obviously decreased at 7 d after the injuries.
The results of qPCR showed that the relative expression levels of SDF-1 and CXCR4 mRNA in the retina at 3 d and
7 d after optic nerve injuries were also significantly higher than those in the sham-injury group (P<0.01), and the
caspase-3 mRNA expression was initially increased at 3 d but reduced at 7 d after the injuries (P<0.01). Western
blotting for the detection of the SDF-1, CXCR4 and caspase-3 proteins indicated changes similar to those of the
gPCR. Spearman analysis results demonstrated that there was a positive correlation between the SDF-1 and CXCR4
expressions, but the expressions of SDF-1 and CXCR4 had negative correlations with caspase-3 expression. TUNEL
staining showed that apoptosis of the retinal cells was increased in the 3 d group but significantly decreased in the
7 d group. Conclusion: After optic nerve injury, the continuous increase of the SDF-1 and CXCR4 levels suppresses
the apoptosis of retinal cells and repairs the retina by inhibiting the cleavage activation of caspase-3. This provides
new insights for the ongoing treatment of optic nerve injury.
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Introduction

The death of retinal ganglion cells and the irre-
versible visual injury of visual functional units
after optic nerve injury are the main causes of
blindness, and so far there have been no effec-
tive treatments [1].

Stromal cell-derived factor-1 (SDF-1) belongs to
o chemokine family and represents a type of
chemokine protein with a small molecular wei-

ght [2, 3]. CXC chemokine receptor 4 (CXCR4) is
widely expressed in a variety of tissues and
organs and is the only specific receptor of SDF-
1. Various biologic functions can be exerted
when SDF-1 binds to CXCR4 specifically [4].
When inflammation, hypoxia, ischemic injury,
and other lesions occur in tissues, the SDF-1
protein expression is increased significantly
and is involved in the repair of damaged tissu-
es and cells [5]. SDF-1 and CXCR4 play key
roles in the repair processes of the myocardi-
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um, nerves, liver, and kidneys [6-9]. Also, it has
been indicated that SDF-1 protein expression in
the retina is significantly increased in cases of
optic nerve injury [10]. Moreover, the SDF-1
protein can reverse the apoptosis of endotheli-
al progenitor cells induced by serum-free cul-
ture and can also inhibit the cleavage activa-
tion and protein expression of caspase-3 [11].
In this study, we aimed to investigate the pos-
sible mechanisms of SDF-1, CXCR4, and cas-
pase-3 in regeneration and repair after optic
nerve injury.

Materials and methods
Reagents

The SDF-1, MMP-9, and caspase-3 rabbit poly-
clonal antibodies and horseradish peroxidase
(HRP)-labeled goat anti-rabbit secondary anti-
body were obtained from Santa Cruz Biote-
chnology (Dallas, Texas, USA). The primer syn-
thesis and an RT-qPCR kit were provided by
TaKaRa (Dalian, Liaoning, China). The bicincho-
ninic acid (BCA) protein quantification kit and
the tissue lysis solution were bought from the
Beyotime Institute of Biotechnology (Nantong,
Jiangsu, China). The immunohistochemical st-
aining kit SP-9001 was purchased from Beijing
Zhongshan Goldenbridge Biotechnology Co.,
Ltd. (Beijing, China).

Laboratory animal grouping and establishment
of the optic nerve injury model

A total of 32 healthy female SD rats of clean
grade weighing 180-220 g were randomly divid-
ed into an optic nerve injury group (the left eye
was determined to be the injured eye, n=16)
and the optic nerve sham-injury group (the left
eye was set as the sham-injured eye, n=8). The
optic nerve injury group was further divided into
a 3 dgroup (n=8)anda 7 d group (n=8), accord-
ing to different time points after the optic nerve
injury. After the rats were anesthetized using an
intraperitoneal injection of 10% chloral hydrate,
the rats’ eyes were cleaned and disinfected,
and the upper fornical conjunctiva were cut and
isolated bluntly to expose the optic nerves. The
optic nerves were clamped for 10 s using a
medium non-invasive vascular clamp at 2 mm
behind the eyeballs until there was a dilation of
the pupils and no local ischemia in the ocular
fundus. The conjunctiva was sutured and an
antibiotic ointment was applied. The rats in the
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optic nerve sham-injury group were anesthe-
tized using the same method, and the optic
nerve of the each rat’s left eye was only exposed
without being clamped.

Collection of retinal tissue specimens

Immunohistochemical specimens: 4 rats were
taken at 3 d and 7 d after the optic nerve injury
and anesthetized using an intraperitoneal in-
jection of chloral hydrate, followed by cardiac
perfusion using 4% paraformaldehyde. The left
eyeballs were taken out, and the retinal tissues
were isolated and fixed in 4% paraformalde-
hyde overnight, dehydrated with gradient alco-
hol, and embedded in paraffin to be prepared
as 4 nm-thick pathological sections. The sec-
tions were fixed on the anti-off glass slide,
baked for 30 min and stored at 4°C.

Western blotting and RT-PCR specimens: 4
rats were taken at 3 d and 7 d after their optic
nerve injuries and anesthetized, after which
the left eyeballs were quickly removed. From
each rat, the entire retina was taken out under
a microscope, and quickly stored in a refrigera-
tor at -80°C for standby application.

Detection of SDF-1, CXCR4 and caspase-3
expressions in retinal tissues using immuno-
histochemistry

The paraffin sections of the retinal tissues in
each group were dewaxed, and endogenous
peroxidase was inactivated using 3% H,0,, fol-
lowed by antigen retrieval in a microwave oven.
Then sections were sealed with 10% goat se-
rum and the corresponding primary antibody
was added (diluted at 1:100) for incubation in
the refrigerator at 4°C overnight. After that, the
sections were washed with phosphate buffered
saline with Tween-20 (PBST) for 3 times (5 min
per time), and the biotin-labeled secondary
antibody was added and the sections were
incubated for 1 h, and then the sections were
washed again with PBST 3 times (5 min each
time), followed by color development with dia-
minobenzidine (DAB), hematoxylin countersta-
ining, sealing with neutral gum, and photogra-
phy under the microscope.

Measurement of the SDF-1 and CXCR4 mRNA
expressions in retinal tissues by RT-qPCR

After the retinal tissues of the rats in each
group were taken from the eyeballs, the total
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Table 1. SDF-1, CXCR4 and caspase-3 mRNA primer sequences nal reference. The reaction

conditions were as follows:

Gene Primer Primer sequence . ) N
SDF-1 Forward primer  5"-GACGGTAAGCCAGTCAGCCT-3' 2?02 ::er 28“3”'3; CC::: ;’8 z
Reverse primer  5'-CAGGTACTCTTGGATCCACT-3’ o ;
, and amplification for a total of
CXCR4 Forward primer ~ 5’-ACGCACGACGTCTTCCAGTA-3’

Reverse primer  5’-CCACCTGGTTCAACTCACTCC-3’

45 cycles, 72°C for 5 min. The
relative expression was calcu-

Caspase-3 Forward primer ~ 5’-ACCTCAGAGAGACATTCAC-3’ lated using the 2° method,
Reverse primer ~ 5’-CCCCACTCCCAGTCATTCCTTT-3’ ACttarget gene=Cttarget gene-CtB_actin of
B-actin Forward primer  5-GCACCACACCTTCTACAATG-3’

same specimen”

Reverse primer  5-TGCTTGCTGATCCACATCTG-3’

3 d group

SDF-1

CRCX4

Caspase 3 5

Figure 1. Immunohistochemical detection of the SDF-1, CXCR4, and cas-
pase-3 protein expressions in the retinal tissues of rats (200x).

RNA was extracted, and the qualified RNA was
used as a template to synthesize complemen-
tary deoxyribonucleic acid (cDNA) by reverse
transcription. The specific reaction conditions
were as follows: incubation at 42°C for 15 min,
incubation at 95°C for 3 min, then cooling on
ice. After the corresponding primers (Table 1)
were added, the mRNA expression of each
gene was measured by fluorescence quantita-
tive RT-PCR, with the B-actin gene as an inter-
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Detection of SDF-1, CXCR4
and caspase-3 protein expres-
sions in retinal tissues by
western blotting

Approximately 50 mg of frozen
retinal tissues were taken from
the rats in each group and
lysed using the tissue lysis
solution to extract the total
protein. The concentration of
the extracted protein was de-
termined using the BCA meth-
od, and 30 pg of protein were
loaded into each well for elec-
trophoretic separation. Then
the protein was transferred
onto a membrane using the
wet method, sealed with skim
milk powder, and then the cor-
responding primary antibody
(diluted at 1:1000) was added
to the protein for incubation
at 4°C overnight. It was fully
washed with tris-buffered sa-
line with Tween-20 (TBST) and
incubated with the secondary
antibody at room temperature
for 2 h, followed by image de-
velopment.

Detection of apoptosis in reti-
nal tissues by TUNEL

The paraffin sections in each group were rou-
tinely dewaxed, washed with PBS and then ter-
minal deoxynucleotidyl transferase and a digox-
in-labeled dUTP reaction solution were added
dropwise for incubation at 37°C for 2 h. After
being washed with PBS 3 times (3 min each
time), a biotinylated anti-digoxin antibody then
was added to the sections dropwise for incuba-
tion at 37°C for 30 min, and washed again with
PBS 3 times (3 min per time), followed by color
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Figure 2. Detection of the SDF-1, CXCR4, and caspase-3 mRNA expressions in the retinal tissues of rats by RT-PCR.
"*P<0.01 vs. sham-injury group, #P<0.01 vs. 3 d group.
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Figure 3. Detection of the SDF-1, CXCR4, and cleaved caspase-3 protein expressions in the retinal tissues of rats
using western blotting. “*P<0.01 vs. sham-injury group, #P<0.01 vs. 3 d group.

development by DAB, reaction in a dark place
at room temperature for 10 min, and photogra-
phy under a fluorescence microscope and an-
alysis.

Statistical processing

All the data are presented as the mean * stan-
dard debytion. Statistical Product and Service
Solutions (SPSS) 17.0 software was used for
the statistical data processing. A t test was
used for the comparison among groups, and
the continuous data from multiple groups were
analyzed using one-way ANOVA, with Tukey’s
post hoc test. P<0.05 suggested that a differ-
ence was significant.

Results

SDF-1, CXCR4, and caspase-3 protein expres-
sions in the retinal tissues of rats

According to immunohistochemistry, the SDF-
1, CXCR4, and caspase-3 proteins were expre-
ssed less in the retinal tissues of rats in the
sham-injury group, but the levels showed in-
creasing trends in the retinal tissues of the rats
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in the injury group. The caspase-3 protein ex-
pression was increased first at 3 d; however, it
decreased at 7 d after injury, suggesting th-
at the continuous increase of the SDF-1 and
CXCR4 protein expressions may have led to the
decline in the caspase-3 protein expression
(Figure 1).

SDF-1, CXCR4, and caspase-3 mRNA expres-
sions in the retinal tissues of rats

Compared with those in the sham-injury group,
the SDF-1 and CXCR4 mRNA expressions in the
retinal tissues of the rats in the 3 d group and
the 7 d group were gradually increased (P<
0.01). Moreover, compared with its expression
in the sham-injury group, the caspase-3 mRNA
expression was significantly elevated in retinal
tissues of the rats in the 3 d group (P<0.01) but
significantly reduced in the 7 d group (P<0.01)
(Figure 2).

SDF-1, CXCR4 and cleaved caspase-3 protein
expressions in the retinal tissues of rats

The SDF-1, CXCR4, and cleaved caspase-3 pro-
tein expressions in the retinal tissues of the

Int J Clin Exp Pathol 2020;13(8):2058-2064
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Table 2. Correlations among SDF-1, CXCR4,
and caspase-3 mRNA expressions in the reti-
nal tissues of the rats in the 7 d group
SDF-1 CXCR4
r P r P
CXCR4 0.652 <0.01
Caspase-3 -0.704 <0.01 -0.637 <0.01

Gene

rats after optic nerve injury were detected us-
ing western blotting. The results revealed that
the SDF-1 and CXCR4 protein expressions in
the retinal tissues of rats in the 3 d and 7 d
groups were obviously increased compared
with those in the sham-injury group (P<0.01).
The cleaved caspase-3 protein expression in
the retinal tissues of the rats in the 3 d group
was significantly higher than it was in the
sham-injury group (P<0.01), but it obviously
decreased in the retinal tissues of the rats in
the 7 d group compared with its level in the 3 d
group (P<0.01), indicating that the growing
expressions of SDF-1 and CXCR4 may inhibit
the cleavage activation process of the cas-
pase-3 protein (Figure 3).

Correlations among the SDF-1, CXCR4, and
caspase-3 mRNA expressions in the retinal
tissues of rats in the 7 d group

Correlation analyses showed that there was a
positive correlation between the SDF-1 and
CXCR4 mRNA expressions in the retinal tissues
of rats (r=0.652, P<0.01), and both SDF-1 and
CXCR4 had negative correlations with the cas-
pase-3 mRNA expression (r=-0.704, P<0.01.
r=-0.637, P<0.01) (Table 2).

Apoptosis in the retinal tissues of the rats

Compared with the shame-injury group, the num-
ber of apoptotic cells in the retinal tissues of
the rats was obviously increased in the 3 d
group, but significantly downregulated in the 7
d group, suggesting that SDF-1 and CXCR4 may
resist the effects of optic nerve injury on the
retina by inhibiting the apoptosis of the retinal
cells (Figure 4).

Discussion

SDF-1 and its receptor CXCR4 play key roles
in the immune system, inflammation, tumors,
AIDS and other diseases, the former of which,
according to studies, is of great significance in
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injury repair of a variety of tissues [12-14]. With
the deepening of research on optic nerve injury
repair, the effects of SDF-1 and CXCR4 there-
in have also been gradually recognized, and
SDF-1 has been found to be able to enhance
the bybility of retinal ganglion cells [15]. Acc-
ording to clinical findings, SDF-1 improved the
survival rate of photoreceptor cells in patients
with retinal detachment [16].

It was believed previously that when the cyton
or axon of an animal’s optic nerve is damaged,
irreversible injury occurs in optic nerve and reti-
nal ganglion cells, leading to their death. Th-
erefore, the approach to protect patients with
traumatic optic neuropathy is to inhibit the
apoptosis of retinal ganglion cells [17]. The cys-
teine protease family significantly participates
in the apoptosis process, and caspases are key
factors for the initiation and execution of apop-
tosis [18, 19]. Optic nerve injury induces the
cleavage activation of caspase-3 protein in re-
tinal ganglion cells, and retinal ganglion cell
apoptosis can be prevented when caspase-3
inhibitors are applied [20]. Therefore, this stu-
dy aims to clarify the changes in SDF-1, CXCR4
and caspase-3 protein expressions in the pro-
cess of optic nerve injury and to study the cor-
relations among them, so as to illuminate the
possible molecular mechanisms of SDF-1 and
CXCR4 in protecting optic nerve injury.

In this experiment, the SDF-1, CXCR4, and cas-
pase-3 expressions in the retinas of the rats in
each group were measured using immunohis-
tochemistry, western blotting, and qPCR. Com-
pared with those in the sham-injury group, the
expressions of SDF-1 and CXCR4 in the retinas
in the 3 d and 7 d groups were gradually incr-
eased, and the caspase-3 level was primarily
elevated at 3 d but reduced at 7 d after injury.
Through a Spearman analysis, we demonstr-
ated that there was a positive correlation bet-
ween the SDF-1 and CXCR4 expressions, but
the expressions of SDF-1 and CXCR4 were neg-
atively associated with the caspase-3 level.
Furthermore, TUNEL staining showed that the
apoptosis of the retinal cells was increased in
the 3 d group but significantly decreased in
the 7 d group, revealing the inhibitory effects
of SDF-1 and CXCR4 on the apoptosis of the
retinal cells according to the previous finding
that an optic nerve injury induces the cleavage
activation of caspase-3 protein in retinal gan-
glion cells. Retinal ganglion cell apoptosis can

Int J Clin Exp Pathol 2020;13(8):2058-2064
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sham-injury group

TUNEL

3 d group

7 d group

Figure 4. Detection of apoptosis in the retinal tissues by TUNEL (100x).

be prevented when caspase-3 inhibitors are
applied [20]. Of note, our preliminary data re-
vealed that the SDF-1 and CXCR4 levels were
persistently upregulated in the optic nerve inju-
ry model, which remarkably reversed the rising
expression of caspase 3 in the course of the
disease. However, the molecular mechanisms
of SDF-1 and CXCR4 in inhibiting caspase-3
expression and cleavage activation are still
elusive and need to be elucidated in future
studies.

Taken together, the expressions of SDF-1 and
CXCR4 are increased after optic nerve injury
and show a negative correlation with the expre-
ssion of caspase-3. Rising levels of SDF-1 and
CXCR4 inhibit the apoptosis of retinal cells and
repair the retina by suppressing caspase 3, a
finding that provides fundamental leads for
treatment of retinal injury.
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