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Abstract
· AIM: To investigate the expression of complement
factors in the posterior scleral fibroblasts of guinea pigs
with negative lens-defocused myopia.

· METHODS: Eighteen guinea pigs were assigned
randomly to two groups: the negative lens -defocused
group (NLD group, =9) and the normal control without
treatment group (NC group, =9). The effect of myopic
induction was compared in three subgroups: eyes
treated with a -10.00 D negative lens in the NLD group
(NL group), eyes treated with a plano (0 D) lens in the
NLD group (PL group), and untreated right eyes in the
NC group (NC group). The following analyses were
conducted at four weeks: examination of the refractive
error retinoscopy, assessment of complement C5b-9
expression in the posterior scleral fibroblasts using
immunohistochemistry, and measurements of
complement C1q and C3 protein levels in the posterior
sclera by Western blot.

·RESULTS: After an induction period of four weeks, a
significant myopic shift was detected in the eyes of the
NL group, relative to that of the PL and NC groups ( <
0.05). Data analysis showed a significant increase in the
percentage of C5b -9 immunopositive fibroblasts in the
posterior sclera of the NL group eyes, compared to the
PL group ( =11.50, <0.001). Significantly higher levels
of C1q ( =4.94, =0.01) and C3 ( =4.07, =0.03)
protein were detected in the posterior sclera of NL group
eyes, compared to the PL group. There were no
significant difference between the PL and NC groups for
C5b-9 ( =2.44, =0.10), C1q ( =1.55, =0.53) and C3
( =0.98, =0.77) in the posterior sclera.

·CONCLUSION: The data from present study provide
evidence of the up-regulation of C5b-9, C1q and C3 in
the posterior scleral fibroblasts in a NLD myopic animal
model. The results suggest that the complement system
may be involved in the development of myopia.
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sclera; inflammation
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INTRODUCTION

I t is evident that genetic and environmental factors are
involved in the development of myopia, however, the

exact mechanisms are not yet understood [1-3]. Animal models
have been valuable in investigating the mechanisms involved
in the development of myopia. We have previously used
negative lens-defocus to successfully induce axial myopia in
newborn guinea pigs [4,5]. Numerous studies have shown that
degradation of the visual input using form deprivation or lens
defocus can induce axial myopia during the early postnatal
period[6-8]. During this process, the retina is thought to initiate
signal transduction triggered by blurred vision; however, the
sclera ultimately facilitates ocular elongation and myopia [4-8].
Theoretically, the factors that affect the function of the
sclera, more specifically the posterior sclera, may modulate
the induction of myopia[9,10].
We have previously reported that serum concentrations of
high sensitivity C-reactive protein (hs-CRP) and complement
C3 and CH50 were significantly higher in pathological
myopia (PM) patients than in age- and gender-matched
normal controls. This suggests that myopia may share
features similar to those seen in autoimmune diseases and
may represent a state of low-grade systemic or local
inflammation[11]. Based on these findings, we hypothesize that
the complement system may also contribute to the
transformation of the sclera during the development of
myopia.
Activation of the complement cascade occurs by three major
pathways: classical (triggered by C1q activation), lectin and
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alternative. This leads to the production of complement C3b,
a central component in the complement system, that then
joins other complement factors to form C5b, which along
with C6, C7, C8 and C9 (referred to as C5b-9), forms the
membrane attack complex (MAC), eventually triggering cell
lysis or a sublytic attack[12-14].
To our knowledge, the relationship between the above
complement factors and experimental myopia has not been
previously reported. Therefore, the aim of our study is to
investigate the expression of complement factors in the
posterior sclera of experimentally-induced myopia. The
structural organization of the sclera depends largely on the
cellular activity of fibroblasts[15,16]. To test our hypothesis, we
examined the expression of complement factors C1q, C3 and
C5b-9 in posterior scleral fibroblasts.
MATERIALS AND METHODS
Animals Eighteen pigmented guinea pigs (Cavia porcellus,
approximately 3 days old, weighing 70-90 g) were purchased
from the animal center at the Chinese Academy of Medical
Sciences (Beijing, China). All animals were treated
according to the Association for Research in Vision and
Ophthalmology (ARVO) statement for the Use of Animals in
Ophthalmic and Vision Research.
Materials Custom poly (methyl methacrylate) (PMMA)
concave lenses were purchased from Beijing Jingdejiarun
Contact Lenses Co. (Beijing, China). The -10.00 diopter (D)
lens (confirmed by lensometer) parameters were as follows:
overall diameter (including the rim of the lens), 17.00 mm;
optical diameter: 11.5 mm; inside optical curve radius, 7.50 mm;
outside optical curve radius, 8.927 mm. The plano (0 D)
lenses (confirmed by lensometer) parameters were as
follows: overall diameter, 17.00 mm; optical diameter: 11.5 mm;
inside optical curve radius, 7.50 mm; outside optical curve
radius, 7.642 mm. There were 6 holes in the rim of each lens
enabling suturing to the skin around the eye of the guinea
pigs.
Myopic Induction and Ocular Measurement The guinea
pigs were assigned randomly to two groups: the negative
lens-defocused group (NLD group, =9) and the normal
control group (NC group, =9). Animals in the NLD group
were treated for four weeks with -10.00 D lenses fitted over
one eye and plano (0 D) lenses fitted over the contralateral
eye, while the animals in the NC group received no
treatment. The effect of myopic induction was compared in
three subgroups: the eyes treated with a negative lens in the
NLD group (NL group), the eyes treated with a plano (0 D)
lens in the NLD group (PL group), and the right eyes in the
NC group (NC group). During the experimental period,
measurements were taken to prevent form deprivation, such
as keeping the lens clean at all times. All animals underwent
cycloplegic ocular refraction measurement using streak
retinoscopy (Suzhou Medical Equipment Factory, Suzhou,

Jiangsu Province, China), prior to the experiment and four
weeks after induction.
Immunohistochemistry At 4wk, guinea pigs were
sacrificed by intraperitoneal injection of a lethal dose of
thiopental. Both eyes of the guinea pigs in the NLD group
( =6) and right eyes of the guinea pigs in the NC group
( =6) were enucleated, and the remaining muscle and
connective tissue were carefully removed. The eyeballs were
fixed in 10% formalin at room temperature for 4h, and
paraffin sections (3 滋m) were cut on a microtome. After
deparaffinization and rehydration, antigen retrieval was
performed using the microwave oven method with a working
solution from BD Pharmingen. Nonspecific binding was
prevented by incubating the section with 1% goat serum in
PBS for 1h at 37℃, followed by incubation with the primary
antibody C5b-9 (1:100 dilution; Calbiochem/204903) overnight
at 4℃ . After washing, the sections were incubated with the
following agents: biotinylated secondary antibodies for
30min at 37℃, Avidin-Biotin Complex reagent for 30min at
37℃ , and DAB substrate for 10min. Counterstaining was
performed with hematoxylin for 2min. Slides were then
dehydrated in gradient alcohol washes, cleared with Xylene,
and mounted for analysis. Sections without incubation with
the primary antibody were used as negative control. Staining
was examined by microscopy (Zeiss) equipped with a digital
camera (Nikon). Data analysis of C5b-9 expression was
performed by counting the number of immunopositive
posterior scleral fibroblasts on each slide using a high
powered lens (LM 伊400). The data for each eye were
calculated by averaging three non-overlapping visual fields
in the posterior sclera area. All images were captured using
the same light filter settings.
Western Blot At 4wk, the eyeballs were obtained as
mentioned above. After removing the surrounding
connective tissue, the eyeballs were sectioned with a razor
blade and the anterior half discarded. The vitreous body,
retina, pigment epithelium and choroid were peeled off on
ice. The posterior scleral tissue was snap frozen in liquid
nitrogen, followed by homogenization. Lysis buffer was
added and the samples were centrifuged for 20min at 12 000
rpm at 4℃ in a microcentrifuge. The tubes were removed
from the centrifuge and placed on ice. The supernatant was
transferred into a fresh tube on ice and the pellet was
discarded. The protein concentration was determined using
the bicinchoninic acid method (Pierce, Rockford, IL, USA).
Fifty micrograms of total protein per sample were denatured
in SDS with a reducing agent. The samples were loaded into
15% SDS-polyacrylamide gels and subsequently
electrophoretically transferred to nitrocellulose membranes in
blotting buffer using an 80 V current applied for 60min.
Blots were washed for 15min in PBS containing 0.05%
Tween 20 (PBST), pre-incubated with blocking solution (5%
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Figure 1 C5b-9 immunostaining in the posterior sclera Positive cells showed brown staining. Immunopositive staining of C5b-9 was
increased in the posterior sclera of NL group eyes, compared to those of the PL and NC groups; no C5b-9 staining was observed when the
primary antibody was omitted (negative control).

non-fat milk powder in PBST), washed three times with
PBST, and subsequently incubated with primary antibodies,
anti-C1q antibody (1:50 dilution; Abcam/ab71940) or
anti-C3 antibody (1:50 dilution; Abcam/ab11887) at 4℃
overnight. After washing, membranes were incubated with
horseradish peroxidase-conjugated goat anti mouse
secondary antibody for 1h with agitation and then washed
four times for 5min in PBST. Antibody binding was
visualized using enhanced chemoluminescence reagents
(Amersham Biosciences), exposed on Kodak X-OMAT-R
films (Rochester, NY, USA) and quantified using the Image
J2 伊2.1.4.7 software (developed by Wayne Rasband,
National Institutes of Health, Bethesda, MD, USA). Protein
loading was assessed by probing the blot for glyceraldehyde
phosphate dehydrogenase (GAPDH) at 1:2000 dilution
(Proteintech). The densitometry showed no significant
differences in loading between the various lanes. The
molecular mass of specific bands was determined using the
BenchMark pre-stained protein ladder (Invitrogen)
electrophoresed alongside the experimental samples.
Statistical Analysis Data were analyzed using SPSS 11.5
for Windows statistical software (SPSS, Chicago, IL, USA)
and GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA,
USA). Between-group analyses of immunostaining data were
carried out utilizing one-way analysis of variance (ANOVA)
and Student-Newman-Keuls-q test (SNK-q). Numerical
variables were expressed as average and standard deviation
(mean依SD). A <0.05 was considered statistically significant.
RESULTS
Myopic Shift in Negative Lens -defocused Eye of the
Negative Lens -defocused Group No significant
differences were observed for the refractive power between
eyes in the NL, PL and NC groups before treatment
(one-way ANOVA, =1.50, >0.05). After four weeks of

induction, the refractive error in the eyes of the NL, PL and
NC groups were (-1.61依0.49) D, (4.36依1.08) D and (4.78依
0.98) D, respectively. A significant myopic shift was
detected in eyes of the NL group, relative to that of the PL
group (one-way ANOVA, =20.16, <0.001). There was
no significant difference in refractive error between eyes of
the PL and NC groups(one-way ANOVA, =1.41, =0.59).
This is consistent with the findings of our previous studies[8,9].
Increased C5b -9 Immunostaining in the Posterior
Scleral Fibroblasts of Negative Lens -defocused Eye
C5b-9 positive cells showed DAB positive brown staining,
while negative cells and negative controls were stained with
the hematoxylin counterstain only. Immunostaining for
C5b-9 revealed little cellular labeling in the posterior sclera
of the PL and NC group eyes. However, in the posterior
sclera of the NL group eyes, immunopositive staining of
C5b-9 was present in many scleral fibroblasts (Figure 1).
Data analysis showed a significantly increased percentage of
C5b-9 immunopositive fibroblasts in the posterior sclera of
NL group eyes, compared to those of the PL group
(71.11%依14.10% 39.44%依11.62%, one-way ANOVA,

=11.50, <0.001). The percentage of C5b-9 immunopositive
fibroblasts revealed no significant difference between the PL
and NC groups (39.44% 依11.62% 32.78% 依8.26% ,
one-way ANOVA, =2.44, =0.10; Figure 2).
Elevated C1q and C3 Expression in the Posterior Sclera
of Negative Lens -defocused Eye The target bands for
C1q and C3 were 26 KDa and 186 KDa, respectively. At
four weeks, the densitometric analysis of Western blots
showed significantly higher levels of C1q and C3 protein in
the posterior sclera of NL group eyes, compared to those of
the PL group (C1q:1.65依0.39 1.15依0.15, one-way ANOVA,

=4.94, =0.01; C3:0.45 依0.06 0.29 依0.11, one-way
ANOVA, =4.07, =0.03). No statistical difference in C1q
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and C3 protein expression was shown between the PL and
NC groups in the posterior sclera (C1q:1.15依0.15 0.99依
0.10, one-way ANOVA, =1.55, =0.53; C3:0.29依0.11
0.25依0.10, one-way ANOVA, =0.98, =0.77). A strong
band at 37 kDa for GADPH indicated equal amounts of
protein in each lane (Figures 3, 4).
DISCUSSION
The purpose of this study was to investigate the expression
of complement factors in the posterior scleral fibroblasts of
guinea pigs with negative lens-defocused myopia. Our results
showed that C5b-9 immunostaining was elevated in the
posterior scleral fibroblasts of the NL group eyes. This was
accompanied by an increase in the expression of proteins
C1q and C3 in the posterior sclera of NL group eyes,
compared to the PL and NC groups. This corroborates our
previous hypothesis that the complement system may be
involved in the deformation of the sclera during the
development of myopia.
The complement system is an important component of innate
immunity and consists of approximately 30 fluid-phase
cell-membrane proteins. It plays a key role in driving the
immune system and triggering inflammatory responses [17,18].
Some evidence has suggested a possible role of the
complement system in the pathogenesis of myopia. There is
a broad consensus that the development of myopia is
associated with active remodeling of the scleral extracellular
matrix (ECM), evident by the thinning of the posterior
sclera [19,20]. Different aspects have been studied in the search
for factors involved in scleral ECM remodeling. Matrix
metalloproteinases (MMPs) and tissue inhibitors of
metalloproteinases (TIMPs) are considered to be the most
important enzymes involved in the degradation of the ECM
and have been proven to regulate the remodeling of the
sclera [5,21,22]. Besides MMPs, some growth factors, such as
transforming growth factor 茁 (TGF-茁) and basic fibroblast

growth factor (bFGF), have also been reported to play
important roles in the pathogenesis of myopia by modulating
the function of either MMPs or scleral fibroblasts [23,24].
Studies have shown that the complement factors can affect
the expression of MMPs, TIMPs, TGF-茁 and bFGF, which
subsequently act on ECM remodeling [25-28]. Furthermore, a
number of studies have shown associations between the
complement system and ECM-related systemic and ocular
disorders, such as coronary artery disease, systemic lupus
erythematosus (SLE), age-related macular degeneration

Figure 2 Data analysis of C5b -9 staining C5b-9 staining
intensity showed significantly elevated C5b-9 expression in NL
group eyes; the staining intensity revealed no significant difference
between the PL and NC groups. Magnification: 200伊, =6. Figure 3 C1q increase after negative lens-defocusing for four

weeks A: Western blot showed elevated C1q in the posterior sclera
of NL group eyes, compared to those of the PL and NC groups; B:
Graph shows 1.4-fold increased C1q intensity in NL group eyes
compared to PL group eyes, as quantified using Image J2伊2.1.4.7
software ( =6).

Figure 4 C3 increase after negative lens -defocusing for four
weeks A: Western blot shows elevated C3 in the posterior sclera of
NL group eyes, compared to those of the PL and NC groups; B:
Graph shows a 1.5-fold increase in C3 intensity in NL group eyes
compared to PL group eyes ( =6).
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(AMD) and glaucoma [29-32]. Therefore, our current findings,
which reveal elevated complement factors in the posterior
scleral fibroblasts of lens-defocused myopia indicate the
complement system may play a role in the mechanism that
cause myopia.
C5b-9, also known as MAC, is a terminal complex of the
complement cascade. Its assembly is considered to be a
hallmark feature of innate immunity and the inflammatory
response [14]. Although it is capable of inducing cell lysis in
many nucleated cell types, C5b-9 formation can also activate
various signaling pathways and inflammatory processes
without cell lysis (sub-lytic) [33,34]. It has previously been
reported that sub-lytic C5b-9 can generate a
pro-inflammatory microenvironment to promote the
expression of MMP-2 and MMP-9[35]. As discussed above, an
increase in metalloproteinases may lead to a shift in ECM
composition. Since C5b-9 is a compound of C5b, C6, C7, C8
and C9 with different molecular weights, we used
immunohistochemistry instead of Western blot to detect
expression. In this study, we found significantly higher levels
of C5b-9 immunostaining in the posterior sclera of the NL
group eyes, compared to controls. This provides evidence
that complement activation occurs during the development of
induced myopia and may serve as a role in the active
remodeling of the posterior scleral ECM.
Another important finding that supports the correlation
between complement activation and myopic induction is the
significant increase in C3 protein levels in the posterior
sclera of NL induced eyes, which accompanies the elevated
C5b-9 staining. As mentioned above, the complement system
can be activated three different pathways: the classical,
lectin or alternative pathway. Each pathway eventually leads
to the activation of a central protein, C3[13]. To date, attention
has been focused on inhibiting the complement system by
suppressing the activation of C3, thereby limiting local MAC
production [36,37]. Therefore, our findings not only indicate a
possible role of complement activation in the development of
induced myopia, but also provide an insight into future
therapies for clinical myopia.
Although the elevated expression of C5b-9 and C3 in the
posterior sclera of induced myopic eyes suggests an
association between the complement system and scleral
ECM remodeling, the precise mechanisms involved are not
clearly defined. To address this issue, we investigated C1q,
an initiating component of the classical complement cascade
that belongs to a family of proteins called defense
collagens [12,38]. It has been shown to serve as a bridging
molecule to enhance the phagocytosis of antigen-antibody
complexes and apoptotic cells through its collagen-like
domain [39,40]. In addition, C1q plays an important role in
mediating the adhesion of fibroblasts to ECM proteins such

as collagen and fibronectin [41,42]. Evidence indicates that
patients with high myopia have elevated serum levels of
circulating immune complexes and autoantibodies to
collagen [43,44]. This may explain our finding of increased C1q
expression in the posterior sclera of myopia induced eyes,
suggesting that the classical pathway may, at least in part,
contribute to scleral ECM remodeling.
In summary, the results from our studies provide
preliminary evidence showing an increase in complement in
the sclera of myopic eyes. The data suggest that the
complement system may be involved in the development of
myopia and would be further confirmed by enlarging the
sample size in a future study. As a powerful defense
mechanism of the immune system, complement activation is
a double-edged sword. Not only can it damage host tissue by
causing cell lysis or sublytic attack, it can also promote the
clearance of antigen-antibody complexes and enhance cell
survival. Our observations support and encourage further
investigation into the dynamic changes within the
complement system during the various stages of myopic
induction and suggest using specific complement inhibitors
to elucidate the relationship between complement factors and
negative lens-defocused myopia. A thorough understanding
of these changes could lead to potential complement-targeted
treatments in clinical myopia to ensure a balance between
the helpful and harmful activities of the complement system.
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