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Abstract

e AIM: To investigate whether the complement system is

involved in a murine model
retinopathy (OIR).

e METHODS: Forty C575L/6/ newborn mice were

divided randomly into OIR group and control group. OIR
was induced by exposing mice to 75%+2% oxygen from
postnatal 7d (P7) to P12 and then recovered in room air.
For the control group, the litters were raised in room air.
At the postnatal 17d (P17), gene expressions of the
complement components of the classical pathway (CP),
the mannose -binding lectin (MBL) pathway and the
alternative pathway (AP) in the retina were determined by
quantitative real -time polymerase chain reaction (RT -
PCR). Retinal protein expressions of the key components
in the CP were examined by Western blotting.

e RESULTS: Whole mounted retina in the OIR mice

showed area of central hypoperfusion in both superficial
and deep layers and neovascular tufts in the periphery.
The expressions of Cigb and C4b genes in the OIR
retina were significantly higher than those of the
controls. The expression of retinal complement factor B
(CFB) gene in OIR mice was significantly lower than
those of the controls. However, the expressions of C3
and complement factor H (CFH) genes were higher. The
protein synthesis of the key components involved in the
CP (C1q, C4 and C3) were also significantly higher in OIR
mouse retina. Although MBL-associated serine protease 1
(MASP1) and MASP2 were detected in both the OIR and
the control groups, the expressions were weak and the
difference between the two groups was not significant.

of oxygen -induced

e CONCLUSION: Our data suggest that the complement

system CP is activated during the pathogenesis of
murine model of OIR.
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INTRODUCTION
R etinopathy of prematurity (ROP), a retinal vascular
disease of premature infants, is a leading cause of
childhood visual impairment all over the world™. Infants with
ROP are at higher risk for developing certain other eye
conditions including strabismus, amblyopia, retinal
detachment, vitreous hemorrhage, and neovascular glaucoma®.
However the underlying mechanism of ROP is poorly
understood. Clinically, ROP is characterized by two stages:
an early phase of vascular injury with obliteration of
immature vessels and a second phase of vascular repair Pl
Oxygen-induced retinopathy (OIR) is an established model
for ROP in humans. In the murine model, there are two
phases in the pathological process. In the first phase,
exposure of neonatal animals to high oxygen tension induces
cessation of normal blood growth and regression of existing
vessels, and subsequently causes obliteration of normal
retinal vessels. In the second phase, along with hyperoxia
induced vessel loss and subsequent relative hypoxia,
overexpression of pro-angiogenic factors including vasular
entdothelial grouth factor (VEGF), angiopoietin, insulin-like
growth factors-1 causes retinal neovascularization, which

leads to alterations in the existing vasculature and

M This animal model

pathological new capillary growth
reproduces the two phases of ROP-initial vaso-obliteration,
and subsequent neovascularization-along with some
complications like vascular leakage Pl. A large number of
studies have employed the murine OIR model to investigate
of the angiogenic mechanisms underlying the ROP 2z r/vo®".
The complement system has been recognized as a key link in
innate immunity. It consists of plentiful plasma and
membrane bound proteins that play a vital role in defensing
against infection and in modulating of immune and
inflammatory responses™. There is growing evidence that the
complement system is more than a mediator of innate
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immunity. Recent work has demonstrated that inappropriate
activation of the complement system has been involved in
neovascular ocular diseases including age-related macular
degeneration (AMD) and diabetic retinopathy (DR) ',
study
complement factor H (CFH), C3a and C5a were involved in

Previous indicated the complement component
laser-induced choroidal neovascularization (CNV), a model
of neovascular AMD P28, On the other hand inhibition of
complement has been demonstrated to be protective against
laser-induced CNV!5I, Tt was shown that complement factor
H and factor B polymorphisms have been closely associated
with a higher risk of developing AMD [U#,

evidence from sz rzzo and clinical studies suggested a

Increasing

proangiogenic role of the complement system in the
development of pathological neovascularization in DRI,

ROP is a retinal vascular disease of premature infants. The
hallmark of ROP is exuberant neovascularization triggered by
retina ischemia/hypoxia, which is the result of retina vessel

192 -~ Although neovascularization is associated

regression
with the complement system, whether the complement
system is involved in the pathogenesis of retinal vascular
disease is still unclear. To document whether complement
system is associated with the pathogenesis of retinal
neovascularization in the animal model of OIR, we detected
the expressions of the key components of the complement
system in the retina.

MATERIALS AND METHODS

Animals (378767 mice were purchased from Laboratory
Animal Center of Chongging Medical University
(Chongqing, China). Mice were housed and exposed to a
12h: 12h light-dark cycle. All animal procedures performed
in this study complied with the ARVO Statement for the Use
of Animals in Ophthalmic and Vision Research and were
approved by the Animal Care and Use Committee of the First
Affiliated Hospital

(ID#2011-22). Every effort was made to minimize animal

of Chongqing Medical University
discomfort.

Induction of Murine Model of Oxygen -induced
Retinopathy We made the OIR model followed a procedure
described by Smith e7 2/ ™. There were 20 mice in each
group. Briefly, litters of newborn mice were randomly
divided into two groups after birth. For the OIR group
seven-day-old (P7) (B57BL6/ mice were exposed to
75%= 2% oxygen for 5d with the nursing mothers and then
returned to room air for 5d. For the control group, the litters
were raised in room air.

Angiography with High—molecular—weight Fluorescein—
dextran Retinal neovascularization were examined at P17.
Three mice randomly selected from each group were deeply
anesthetized by intraperitoneal pentobarbital sodium injection
and sacrificed by intracardiac perfusion with phosphate
buffer saline (PBS) containing 1 mL of 50 mg/mL

18

FITC-dextran (molecular weight 2 000 000, Sigma-Aldrich
Chemical Co. St Louis, MO, USA). The binoculus from each
mouse were enucleated and fixed in 4% paraformaldehyde
for 10min at room temperature. The retinas were dissected
and mounted on microscope slides Y. Images of mounted
retinas were taken with 5 times magnifications with a
fluorescence microscope (Leica, Bannockburn, IL, USA).
Retinal Sample Collection All animals were euthanatized
by an overdose of pentobarbital sodium followed by cervical
dislocation. The binoculus from each mouse were enucleated
and carefully dissected under a surgical microscope. The
anterior segment of the eye including the cornea, the iris, and
the lens were removed. Retinas were separated from
RPE/choroid complex. Retinal samples were stored at -80°C
for further RNA or protein extraction.

Real -time Quantitative Polymerase Chain Reaction
Analysis Total retinal RNA was extracted from tissues using
the TRIzol UK) following the
manufacturer's instructions RNA concentrations were

(Invitrogen, Paisley,

221
measured with a Nano instrument (NanoDrop Technologies,
Wilmington, DE, USA). Complementary DNA (cDNA) was
generated using the PrimeScript® RT reagent Kit (Takara
Biotechnology, Dalian, China) following the manufacturer's
instructions. Real-time quantitative polymerase chain
(PCR) was performed on a Bio-Rad c-1000
(Bio-Rad Laboratories, Hercules, CA, USA) using primers
specific for mice Clgb: Primer ID (Mm-QRP-20447), mice
C4b: Primer ID  (Mm-QRP-20445), mice complement factor
B (CFB): Primer ID (Mm-QRP-20442), mice CFH: Primer
ID (Mm-QRP-20446), mice MBL-associated serine protease 1
(MASP1): Primer ID (Mm-QRP-20493) , mice MASP2: Primer
ID Mm-QRP-20492), mice C3: Primer ID (Mm-QRP-20444) and
standardized to glyceraldehyde-3- phosphatedehydrogenase
(GAPDH) (forward, 5'-ATGGTGAAGGTCGGTGTGAAC-3";
reverse, 5'-TTACT CCTTGGAAG-3") (GeneCopocia Inc.,
Rockville, MD, USA). The specificity of all the primers was
verified by GeneCopoeia Inc. Samples underwent 40 cycles

reaction

of amplification in a volume of 20 wL using the all-in-one
gPCR Mix (GeneCopoeia Inc.). The conditions were 95°C
for 10min, followed by 40 cycles of 10s at 95°C, 20s at 60°C
and 15s at 72°C . Fluorescence data were acquired at
72 °C -95°C to decrease the amount of nonspecific signal and
amplification of specific transcripts was confirmed by
melting curve profiles at the end of each PCR. Data from
each sample were obtained in triplicate. The relative amount
of target mRNA was calculated from the obtained A Ct
values for target and endogenous reference gene GAPDH by
using 2-A A Ct cycle threshold method.

Western Blotting Analysis Total retinal proteins extracted
from tissues were homogenized and solubilized in ice-cold
PBS containing protease inhibitors and detergent NP-40 21,
Total concentration  was

protein determined by a
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Figure 1 Representative retinal flat mounts of an OIR and a control mouse eye perfused with high—molecular—weight fluorescein—

dextran. The photographs were taken with a fluorescence microscope at 5 times magnification at P17 A: Room air raised mouse

exhibited normal retinal vascular architecture. The vessels formed a radial branching pattern in the superficial layer and a polygonal reticular

pattern in the deep layer. B: Mouse exposed to hyperoxia showed reduced vascular development, which leads to the development of

neovascularization. Arrow indicates area of central hypoperfusion in both the superficial and the deep layers. Arrow head indicates peripheral

neovascular tufts.

bicinchoninic acid (BCA) protein assay kit (Beyotime
Institute of Biotechnology, Haimen, Jiangsu Province,
China). Electrophoresis was performed on 7.5% SDS-PAGE
(Goodbio Techology CO., LTD, Wuhan, Hubei
Province, China) and the separated proteins were transferred

slab gel

to polyvinylidene difluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The blots were blocked with 5%
non-fat dry milk in TBST for 60min at room temperature.
Anti-Clq (ab64632), anti-C4 (ab11863) and anti-C3
(ab11887) (Abcom Biotechnology, Cambridge, MA, USA)
were used as the primary antibodies and the blots were
incubated overnight at 4°C . The membrane was incubated
with HRP conjugated secondary antibody for 1h at room
temperature (Abcom Biotechnology, Cambridge, MA, USA).
Following secondary antibody incubation, all the membranes
were washed for 30min, incubated for 5min with an
enhanced chemiluminescence kit (Amersham, Pittsburgh, PA,
USA), and exposed to Hyperfilm enhanced chemiluminescence
film (Amersham, Pittsburgh, PA, USA). Densitometric
analysis was performed with the Image J software (Versionl.
43, Broken Symmetry Software Inc., MD, USA).

Statistical Analysis Statistical analysis was undertaken
using a SPSS software (Version 17.0, SPSS Inc., Chicago, IL,
USA). Unpaired Student's
significance between the two groups. /2 <0.05 was regarded

7/ -test was used to assess

as statistically significant.

RESULTS

The OIR model is considered having two pathological stages
which mimic the two phases of ROP in human. In the first
stage, exposure to hyperoxia results in ceaseing growing and
regression of the developing retinal capillaries. In the second
returning to room  air induction of
growth
neovascularization ™. Figure 1 showed representative mouse

stage, causes

pro-angiogenic factors that trigger retinal

retinal flat mounts of an OIR and a control eye at P17. The

normal mouse retina presented both superficial and deep
vascular layers. The vessels extended from the optic nerve to
the periphery and formed a radial branching pattern in the
superficial layer and a polygonal reticular pattern in the deep
layer (Figure 1A). The OIR mouse retina displayed an area of
central hypoperfusion in both superficial and deep layers and
neovascular tufts in the periphery (Figure 1B).

To determine whether the complement components in the
OIR mouse retina were activated, we performed real-time
PCR to quantitate mRNA levels of the major complement
genes in the retina. We found in the OIR mouse retina the
expressions of Clgb and C4b genes, two components of the
classical pathway (CP), were significantly higher than those
of the controls (~<0.001, 2<0.01; Figure 2A, 2B). Weak
of MASPI and MASP2 genes,
components of the mannose-binding lectin (MBL) pathway,

expressions specific
were detected in both the OIR and the control groups, and no
(2 >0.05;
Figure 2C, 2D). The expression of CFB, a component in the

significant was seen between the two groups

alternative pathway (AP) was significantly lower in the OIR
mouse retina (2 <0.05; Figure 2E). However, the expression
of CFH, another component in the AP, was significantly
higher than those of the controls (.~ <0.05; Figure 2F). In the
OIR mouse retina the expression of C3, a central component
in all the three pathways, was significantly higher than those
of the controls (/~<0.01; Figure 2G). Real-time PCR results
suggested that the CP was activated in the retina of OIR mice.
While the AP and MBL pathways might play a minor role.
According to the results of real-time PCR quantitation of
mRNA levels for complement genes, we determined the
protein levels of the key components of the complement
system involved in the CP (Clg, C4 and C3) by Western
blotting. We confirmed the retinal Clq, C4 and C3 protein
levels in the OIR mice were significantly higher (/2 <0.01,
£<0.01 and ~<0.01; Figure 3B).
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Figure 2 The expressions of the major complement system
components mRNA in the OIR mouse retina determined by
-PCR. Gene
complement components of CP, MBL pathway and AP in the

quantitative RT expressions of selected
retina of the OIR and the control mice were shown A&B:
mRNA levels for complement components Clgb and C4b mainly in
the CP were significantly higher in the OIR mouse retina (z=3);
C&D: mRNA levels for complement components MASP1 and
MASP?2 specifically in the MBL pathway were comparable between
the two groups (7 =3); E&F: mRNA levels for complement
components CFB and CFH in the AP. The expression of CFB was
significantly lower, while the expression of CFH was significantly
higher than those of the controls (#=3); G: In the terminal pathway,
the expression of C3 in the OIR mouse retina was significantly
higher than those of the controls (#=3; Bars represent means+SEM;
1£<0.001, *£~<0.01, °£<0.05).

DISCUSSION
As a key component of innate immunity, the complement
system plays a vital role in defensing against infection and in

modulating the immune and inflammatory responses . In
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Figure 3 Retinal protein expressions of the key components of
complement system mainly involved in the CP in the OIR and
the control groups A: Retinal Clq, C4 and C3 protein levels in
the OIR and the control groups were determined by Western blotting
(z =6). B: Densitometry analysis of the Clq, C4 and C3 protein
levels in the OIR mouse retina were significantly higher than those

of the control mice (Bars represent means+SEM; °2<0.01).

indicated that the

complement system was implicated in neovascular ocular

recent years, increasing evidence
diseases®". OIR is an established model for ROP in humans.
We studied the expressions of several key components of the
complement system in the retina of a mouse OIR model to
determine if the complement system is associated with the
pathogenesis of this neovasculazation condition.

Involvement of Complement System in Oxygen—induced
Retinopathy The complement system activated rzzdistinct
pathways triggers a sequence of biological reactions. The CP
involving C1, C2 and C4 can be activated by immune
complexes or by substances such as C-reactive protein. C1 is
composed of Clq, Clr and Cls three-subunits and is the start
B We
demonstrated that Clq gene was locally synthesized and

of the CP. Clq is the main function domain

increased in the OIR mouse retina, which suggests that
activation of the CP may be associated with OIR.

In relation to the MBL pathway, its activation is independent
of immune complex generation and involves C4, C2, MASP1
and MASP2. C4 is a component of both the CP and the MBL
pathways, while MASP1 and MASP2 are the specific
components of the MBL pathway™. We found the expression
of C4b gene was significantly higher, while very low levels
of MASP1 and MASP2 gene expressions were detected in
the retina in both the OIR and the control groups. The
between C4, MASP1 and MASP2

expressions suggest that activation of the complement MBL

different profiles

pathway may be less important in OIR. The higher
expression of C4 may be a consequence of activation of the
CP. Thus our data imply that activation of the MBL pathway
may be less important in OIR, since MASP1 and MASP2
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expressions were at similar low levels between the two
groups.

The AP provides a rapid, antibody-independent route of
complement activation and amplification and involves C3,
factor B, factor D and factor H P Factor B is the key
component of the AP. As an inhibitory complement
regulatory protein of the AP, CFH could inhibit C3 activation
by binding to C3b and also has decay-accelerating activity for
the AP C3 convertase, C3bBb. It also competes with factor B
for surface-bound C3b B, And the AP is initiated by the
slow hydrolysis of circulating C3. Meanwhile C3 is also
central to the function of all three complement activation

B We found the expression of C3 gene was

pathways
significantly higher in the OIR mouse retina, while the
inhibited by elevated CFH was

significantly lower. The different profiles between C3 and

expression of CFB

CFB expressions suggest that activation of complement AP
may not be involved in OIR. The higher expression of C3
may be the downstream reaction of the activated CP.

At protein level, we confirmed the retinal Clq, C4 and C3 in
the OIR mice were significantly higher, which is in
agreement with our suggestion that the CP is involved in the
pathogenesis in the animal model of OIR.

Role of Complement System in Oxygen —induced
Retinopathy The complement system has been involved in
various neovascular ocular diseases. However it has been
suggested that complement could play an opposite role in the
pathological neovascularization in the process of CNV and
OIR ™, Firstly, activation of the complement system could
mediate induction of the proangiogenic VEGF in retina
pigment epithelial cells and play a proangiogenic actions in
models of CNV [ On the other hand, a recent study
showed that C3-deficient and C5aR-deficient mice showed
increased pathological retinal angiogenesis in OIR. The
complement system may play a negative regulator role in
pathological neovascularization in OIR™, It is interesting that
in our study, the CP of the complement system in OIR model
is activatied. It has been reported that activation of the
complement system could polarized macrophages to a M1
antiangiogenic phenotype 2 rzzzo by inducing secretion of
SVEGFRI1, an established angiogenesis inhibitor™. Given the
of the

pathological neovascularization in OIR, elevation of the

antiangiogenic  roles complement system in
complement conponents in the OIR mouse retina might
represent a mechanism of compensation, which inhibits
pathological retina angiogenesis ™. While the function of
activation of the complement system as a counterplayer of
pathological retina angiogenesis might be overridden by

dorminant proangiogenic factors in the pathologenesis

process of OIR. Nevertheless, the details of the underlying
mechanisms deserve further study.

A more recent study showed that CFB-deficient mice resulted
in increased pathological retinal angiogenesis . The data
implicated the alternative complement pathway in facilitating
neovessel clearance, which appears inconsistent with our
results. It should be noticed that knock-out mice were used in
this study to reveal the role of the complement system in
OIR, which is an ideal status. However, considering the
complexity of the complement system, we believe our data
collected from otherwise normal mice are more reasonable to
represent the disease condition. On the other hand, our data
don't completely deny the possible role of the alternative
complement pathway in the pathophysiology of OIR.

In conclusion, our findings suggest that activation of the CP
may have implications in the pathophysiology of the murine
model of OIR. Activation of the complement system might
play a compensatory role in OIR. However, the detailed

mechanisms remain unclear.
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