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Abstract

o AIM: To study the expression of collagen | and transcription
factor specificity protein 1 (Sp1), a transforming growth
factor-f1 (TGF-B1) downstream target, and reveal the
impact of the TGF-1-Sp1 signaling pathway on collagen
remodeling in myopic sclera.

e METHODS: Seventy-five 1-week-old guinea pigs were
randomly divided into normal control, form deprivation
myopia (FDM), and self-control groups. FDM was induced
for different times using coverage with translucent latex
balloons and FDM recovery was performed for 1wk after
4wk treatment; then, changes in refractive power and
axial length were measured. Immunohistochemistry and
reverse transcription-polymerase chain reaction were
used to evaluate dynamic changes in collagen | and Sp1
expression in the sclera of guinea pigs with emmetropia
and experimental myopia, and the relationship between
collagen | and Sp1 levels was analyzed.

e RESULTS: In the FDM group, the refractive power was
gradually changed (from 2.09+0.30 D at week 0 to -1.23+0.69 D,
-4.17%0.59 D, -7.07+0.56 D, and -4.30%0.58 D at weeks 2,
4, 6, and 1wk after 4wk, respectively; P<0.05), indicating
deepening of myopia. The axial length was increased (from
5.92%+0.39 mm at week 0 to 6.62+0.36 mm, 7.30%0.34 mm,
7.9910.32 mm, and 7.4110.36 mm at weeks 2, 4, 6, and 1wk
after 4wk; P<0.05). The mRNA and protein expression of
Sp1 and collagen | in the sclera of the FDM group was
lower than that of the control groups (P<0.05), and the
reduction was eye-coverage time-dependent. Furthermore,
correlation between Sp1 and collagen | down-regulation in
the myopic sclera was observed.

e CONCLUSION: Our data indicate that transcription factor
Sp1 may be involved in the regulation of type | collagen
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synthesis/degradation during myopic sclera remodeling,
suggesting that TGF-B1 signaling plays a role in the
development and progression of myopia.
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INTRODUCTION

yopia is one of the most prevalent visual disorders,
M and is very common in school-age children and
adolescents. In Asian and Southeast Asian cities, mostly
young people suffer from myopia; thus, 80% to 90% of
college students have myopia, and 20% of them have high
myopia. Myopia brings distress to young people, and presents
a significant socioeconomic burden worldwide . In China,
the incidence of myopia has been ranked the second in the
world only to Japan, accounting for 33% of the total number of
myopia cases worldwide and negatively affecting the quality
of life"”’. Therefore, the investigation of myopia etiology and
pathogenesis, and the development of preventive and treatment
measures are urgent for ophthalmologists to be able to solve
this fundamental problem of great social significance.
At present, the pathogenesis of myopia is generally considered
to be a combination of genetic and environmental factors'.
Nowadays, an increasing number of biologically active
molecules playing an important role in sclera remodeling in
myopia have been identified owing to advances in molecular
biology. Thus, it has been shown that transforming growth
factor-p1 (TGF-1) is involved in myopic sclera remodeling",
while transcription factor specificity protein 1 (Spl) identified
as a TGF-B1 downstream target was found to regulate the
synthesis and degradation of collagen type I'*”), suggesting
that it may play a role in sclera remodeling during myopia
progression. However, in ophthalmology, Spl expression and
its association with myopic sclera remodeling has not been
investigated.
In this study, we explored the role of Spl in myopic sclera

and its relationship with the synthesis and biodegradation of
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Table 1 Primer sequences, annealing temperatures, and predicted product sizes

Gene Forward primer Reverse primer Tm ('C) Size (bp)
f-actin GCTCTATCCTGGCCTCACTC GGGTGAGGGACTTCCTGTAA 55 400
Collagen I ACAAGCGATTACACACCCAA TTAGTTTCCTGCCTCTGCCT 55 239
Spl CTCAAAGGAACAGAGTGGCA GAGCTGGGAGTCAAGGTAGC 55 486

Tm: Temperature.

collagen type I using a guinea pig model of form deprivation
myopia (FDM). Immunohistochemistry and reverse transcription-
polymerase chain reaction (RT-PCR) were used to evaluate
dynamic expression of Spl and type I collagen in guinea pigs
with emmetropia and myopia at different time points after
FDM induction. Our results have clarified the relationship
between TGF-B1 signaling and collagen I expression in
myopia, suggesting a novel mechanism underlying the disease
pathogenesis.

MATERIALS AND METHODS

Ethics Statement All experimental procedures were performed
according to the Guidelines for the Care and Use of Laboratory
Animals (No. 85-23 National Publication, revised in 1985).
The study protocol was approved by the Experimental Animal
Ethics Committee of Anhui Medical University.
Establishment of the Form Deprivation Myopia Model and
Experimental Design Seventy-five healthy 1-week-old guinea
pigs weighing 100-140 g were maintained in the 12h-light/
12h-dark environment at the temperature of 22 °C in the
Experimental Animal Center of Anhui Provincial Hospital
affiliated with Anhui Medical University; the animals were given
water, vitamin-rich guinea pig feed, and fresh vegetables'.
Guinea pigs were randomly divided into the normal (untreated)
control group (n=25) and FDM group (n=50). FDM was
achieved using translucent latex balloons, which covered the
animal head and the left eye, while the right eye, nose, mouth,
and ears were exposed. The balloon was attached with a stapler
to the neck fold to prevent their falling and rotation. Guinea
pigs were treated for 2, 4, and 6wk; in addition, FDM recovery
was performed for 1wk after 4wk treatment. The uncovered
right eyes were used as self-control.

Refractive State and Axial Length Guinea pigs were marked
and numbered. Retinoscopy was performed in a dark room
using a streak retinoscope (Liuliu, China) after the eye pupils
had been fully dilated by tropicamide. The axial length of the
eye was measured using an A-scan ultrasonograph (TOMEY
AL-100, Japan) after anesthesia. The data were collected by
the same person at every time point of the experiment (0, 2, 4,
and 6wk, and 1wk after 4wk treatment) and the values were
rounded to two digits after the decimal point™’.
Immunofluorescence Guinea pigs were sacrificed after anesthesia
with 1% sodium pentobarbital; the eyes were removed, the
anterior segment discarded, and the samples were put on ice.
The posterior sclera was excised around the head of the optic

nerve using a 6-mm-diameter trephine, and the head of the
optic nerve was discarded. Then, scleral tissues were fixed
in 40% formaldehyde solution at 4 °C. Samples were cut
into sections, which were blocked, incubated with primary
antibodies against Sp1 and collagen I, and analyzed under a
fluorescent microscope.

Reverse Transcription and Polymerase Chain Reaction
Scleral tissues isolated as described were stored at -80°C until
analysis. The required amount of scleral tissue was ground in
liquid nitrogen and used to extract total RNA according to the
manufacturer's instructions (5 samples from each group were
used). Total RNA (2 pg) and 10 pmol/L Oligo (dT) were added
to 0.2 mL of RNase-free water and heated for 5min at 65°C ;
after the reaction, the tubes were immediately put on ice for
3min. Reverse transcription was performed in a tube containing
4.0 pL of 5% reaction buffer, 2 puL of 10 mmol/L dNTP mix,
1 pL of RibolockTM RNase inhibitor, and 1 uL of Revert Aid
TM M-MuLV reverse transcriptase at 42 °C for 60min and
70°C for 5min. cDNA was extracted and stored at -80°C until
PCR analysis. PCR amplification was performed under the
following cycling conditions: 95°C for Smin; 35 cycles at 95°C
for 30s, 55°C for 30s, and 72 °C for 40s; the final extension
step at 72°C for 10min and 4 ‘C indefinitely. The amplified
products were separated by agarose gel electrophoresis, and
the results were analyzed using a gel imaging system. Primer
sequences are listed in Table 1; B-actin was used as an internal
control. Because guinea pig nucleotide sequences have not
been reported, we used the corresponding rat sequences. All
experiments were performed at least three times.

Statistical Analysis Statistical analysis was performed using
the SPSS 22.0 statistical software. The results of refractive
power and axial length measurements were expressed as the
mean£SD. Differences were analyzed by paired ¢-test and
ANOVA and considered statistically significant at £<0.05.
RESULTS

Refractive Power and Axial Length When guinea pigs were
born, their eyes went into a state of hyperopia; the axial length
was relatively short, and there was no significant difference
between the groups in refractive power and axial length
(P>0.05, t-test). With the time of FDM induction, the refractive
status in the FDM group gradually changed from hyperopia
to myopia (P<0.05, ¢-test). The degree of hyperopia in the
normal and self-control groups slightly decreased, while the
axial length slightly increased. The differences in refractive
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Figure 1 Distribution of Sp1 and type I collagen in guinea pig sclera analyzed by immunofluorescence.

Table 2 Refractive state and axial length between the eyes of the three groups

Time (wk) Refractive power (D) Axial length (mm)
ime (W
Normal control Self-control FDM Normal control Self-control FDM
0 2.19+0.29 2.11+0.32 2.09+0.30 5.93+0.34 5.87+0.36 5.92+0.39
2 1.394+0.26" 1.2840.29° -1.23+0.69 6.22+0.32" 6.24+0.34" 6.62+0.36
4 0.62+0.24" 0.48+0.27° -4.17+£0.59 6.50+0.31° 6.58+0.31° 7.30+0.34
1 after 4 0.56+0.40" 0.39+0.29° -4.30+0.58 6.59+0.31° 6.60+0.34" 7.41+0.36
6 -0.14+0.25° -0.33+0.26" -7.07+£0.56 6.80+0.28" 6.97+£0.35" 7.99+0.32
‘P<0.05, compared with FDM group.
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Figure 2 Influence of myopia induction on Sp1 and collagen I mRNA expression in guinea pig sclera.

power and axial length between the FDM and self-control or
the normal control groups were significant at 2, 4, and 6wk and
at Iwk after 4wk treatment (P<0.05, ANOVA). The results are
presented in Table 2.

Changes in Protein Expression of Sp1 and Collagen I Weak
expression of collagen I and Sp1 protein in guinea pig scleral
tissue was observed at 2, 4, and 6wk (Figure 1). At 1wk after
4wk treatment, the levels of collagen I and Spl were higher
compared with those at 6wk, but lower compared with those at
4wk. There was no significant difference in collagen I and Sp1
expression between the normal control and self-control groups,
but there were significant differences between the other groups
(P<0.05, respectively) (Table 3).

Changes in Spl and Collagen I mRNA Expression The
expression of collagen I and Spl mRNA in guinea pig scleral
tissue gradually decreased with the time of FDM induction;
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Table 3 Relative protein expression of Sp1 and collagen I

Time (wk) n Spl Collagen I

0 15 0.797+0.038 0.928+0.016
2 15 0.543+0.010" 0.743£0.012°
4 15 0.378+0.010" 0.552+0.014°
1 after 4 15 0.369+0.014" 0.533£0.011°
6 15 0.350+0.018" 0.402+0.019°

‘P<0.05, °P<0.05, compared with Owk.

however, at 1wk after 4wk treatment, collagen I and Spl
transcription was higher compared with that at 6wk, but lower
compared with that at 4wk. There was no significant difference
in the expression of collagen I and Spl mRNA between
the normal control and self-control groups , but significant
differences were observed between the other groups (P<0.05)
(Figure 2).
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Correlation Analysis of Spl and Collagen I Expression
In the scleral tissue, collagen I and Spl expression showed
significant correlation both at the protein and mRNA levels
(r=1; P=0.0 and P<0.05, respectively).

DISCUSSION

Previous studies indicate that sclera remodeling plays a crucial
role in the occurrence and progress of myopia. The main
morphological change in myopia is manifested by excessive

1013 Collagen fibers are

extension of the ocular axial length'
the most abundant constituents of the sclera, accounting for
90% of the sclera net weight; they are primarily formed by
collagens I, III, and IV, and collagen I fibers occupy the largest
area of the sclera. In myopic sclera remodeling, the expression
of collagen, especially that of collagen I, is declining!"”’. It was
shown that TGF-B plays an important role in maintaining the
normal morphology and function of the sclera and that the
expression of TGF- isoforms 1, 2, 3 is downregulated during

[13-14

myopia progression!*"*!. It particularly concerns TGF-p1,
which is declining in the process of myopic sclera remodeling,
and it is suggested that the TGF-B1-Smad3-connective tissue
growth factor pathway may be one of the most important
mechanisms underlying scleral changes in myopia!>"'®. A
previous study indicated that Wnt/B-catenin signaling regulates
TGF-B1 and type I collagen expression in fibroblasts of the
myopic sclera'”. Spl is proved to be a downstream target of
TGF-B1 signaling in many physiological processes. Thus, in
gingival wounds healing, TGF-B1 regulates the expression of
connexin 43 in fibroblasts through Spl and other transcription
factors'. However, there have been no studies on the
expression and function of Spl in myopic sclera remodeling.
In this study, we examined Spl expression and its relationship
with collagen I synthesis and degradation in the myopic sclera
of guinea pigs.

Previous studies have shown that as the degree of myopia
increases, the expression of TGF-B1 and collagen I gradually
declines during the process of myopic sclera remodeling,
suggesting positive correlation between TGF-B1 and collagen
I levels. The results of immunohistochemistry and RT-PCR
analyses performed in our study show that the expression of
collagen I protein and mRNA gradually declines with the time
of FDM induction. However, in the recovery group (1wk after
4wk treatment), collagen I expression was increased both at the
mRNA and protein levels compared with 6wk FDM, although
it was lower compared with 4wk FDM. These data indicate
that as the eye coverage time prolongs and myopia deepens,
the expression of collagen I gradually declines, suggesting its
association with myopia development, which is consistent with
a previous study*.

Sp! belongs to the specificity protein/Kruppel-like factor (Sp/
XKLF) family of transcription factors, which contain three
conservative Cys2/His2 zinc finger DNA-binding sites; the

damage of zinc finger structure not only affects Spl binding
to DNA, but also its nuclear transfer. In mammalian cells, Sp1
regulates multiple cellular progression, including cell cycle,
growth, proliferation, metabolism, and apoptosis'’*". The
results of this study show that Spl expression in scleral tissues
decreases with the time of FDM both at the mRNA and protein
levels, but 1wk recovery after 4wk exposure increases Spl
levels compared to the 6wk FDA group. These results indicate
that Spl expression is downregulated in myopia, suggesting
that Spl decrease is involved in myopia development and
confirming the role of the TGF-B1 pathway in the process.
Moreover, the correlation between Spl and collagen I expression
in scleral tissues indicates a link between TGF-f1-Spl
signaling and collagen I production during myopic sclera
remodeling, suggesting a molecular mechanism underlying
myopia progression.

In conclusion, our study confirms that Spl is expressed in the
sclera of guinea pigs with experimental myopia, while the
correlation between Spl and collagen I expression suggests
that the TGF-B1 pathway regulates type I collagen synthesis
in myopic sclera remodeling. Based on these and previous
findings, it can be speculated that TGF-p1-Smad3 signaling
is involved in scleral remodeling and myopia pathogenesis,
providing a new direction in myopia research and development
of preventive measures. We recommend that future studies use
a larger sample sample size in order to further validate these
results.
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