
Contents lists available at ScienceDirect

Molecular Immunology

journal homepage: www.elsevier.com/locate/molimm

TIMP-3 suppression induces choroidal neovascularization by moderating the
polarization of macrophages in age-related macular degeneration

Ying Cheng, Tongjie Cheng, Yi Qu⁎

Department of Geriatrics, Qilu Hospital of Shandong University, No. 107, Wenhuaxi Road, Jinan, 250012, China

A R T I C L E I N F O

Keywords:
Choroidal neovascularization
Macrophages
Polarization
Tissue inhibitor of metalloproteinases–3

A B S T R A C T

Purpose: To investigate the role of tissue inhibitor of metalloproteinases–3 (TIMP-3) as a key moderator of
macrophage polarization in choroidal neovascularization (CNV) lesions of model mice and in bone marrow-
derived macrophage (BMDM).
Method: We used siR-TIMP-3 to transfect BMDM and gave an intravitreal injection of siR-TIMP-3 to laser-in-
duced CNV mice model, real time-PCR and western blot were applied for detecting the expressions of TIMP-3
and macrophages’ biomarker. Besides, CNV lesions in different treatment groups of animal model were examined
by the optical coherence tomography angiography (OCTA).
Results: Our experimental data showed that lack of TIMP-3 stimulated M2 polarization proved by real time-PCR
and western blot in BMDMs and CNV mice model. Moreover, intravitreal injection of siR-TIMP-3 accelerated
CNV formation using OCTA, which indicated that TIMP-3 suppression is related to pro-angiogenesis of M2
macrophage.
Conclusion: We showed that the absence of TIMP-3 leads to a more pro-angiogenic microenvironment, playing a
key role in CNV formation by positively modulating M2 polarization. The role of TIMP-3 in the regulating
inflammation and novel therapeutic target of nAMD needs to be further studied.

1. Introduction

Choroidal neovascularization (CNV) arises from choriocapillaris and
grows into subretinal space and retina, which is the major pathological
feature associated with neovascular age-related macular degeneration
(nAMD), potentially leading to serious complications including fluid
accumulation and subretinal hemorrhage with visual impairment out-
comes (Lim et al., 2012).

Currently, intravitreal anti-vascular endothelial growth factor
(VEGF) become the first-line therapy for nAMD, which can regulate the
function of VEGF effectively and play a role in preventing abnormal
angiogenesis and lessening exudation (Jager et al., 2008). However, the
mechanisms upstream of VEGF secretion remain largely unclear. Recent
advances have highlighted that the process of nAMD is accompanied by
the recruitment of inflammatory cells to neovascularization lesion, the
consequence of which is the expression of numerous cytokines and
chemokines that induce angiogenesis.

Macrophages have long been localized to sites of CNV in patients
with human AMD (Penfold et al., 2001). So far, the role of macrophage
polarization in nAMD development has not been well characterized.
Espinosa-Heidmann et al. (Espinosa-Heidmann et al., 2003) showed

that experimental depletion of macrophages decreases choroidal neo-
vascularization in laser-injured mice, while others held a contrary point
with macrophages inhibiting CNV development (Apte et al., 2006). The
contradictory findings of macrophages that have been observed in CNV
lesion might be explained by differential macrophage polarization with
respect to M1 macrophages and M2 macrophages. The M1 macrophages
(inducible nitric-oxide synthase, iNOS+), which could be triggered by
bacterial lipopolysaccharides or interferon-γ, have been proved to in-
hibit angiogenesis. Besides, the M2 macrophages (Arginase-1, Arg1+),
which develop in response to IL-4, IL-10 or PGE2 stimulation, are
considered to promote pathological angiogenesis (Gordon and
Martinez, 2010; Sica et al., 2015). Although the key cytokine regulators
of macrophage polarity have been identified, the functional hetero-
geneity of these effector leukocytes can be further honed by both tissue
environmental factors and other cell autonomous mediators.

Tissue inhibitor of metalloproteinases–3 (TIMP-3) belongs to a fa-
mily of genes encoding for inhibitors of matrix metalloproteinases, a
group of zinc-binding endopeptidases involved in the degradation of
the extracellular matrix. TIMP3 has been shown by other studies to play
an important functional role in inflammation (Casagrande et al., 2012;
Smookler et al., 2006). Smookler et al. demonstrated that TIMP-3
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regulates the shedding of TNF-a or its receptor from the cell surface of
macrophages and Sean E. Gill and his colleagues showed that TIMP-3
leads to alter the macrophage function in lung injury (Gill et al., 2013;
Smookler et al., 2006). However, whether TIMP-3 is involved in CNV
development in nAMD eyes by targeting macrophage polarization is
still unknown. In this study, we confirm the role of TIMP-3 in regulating
inflammation and CNV lesions of nAMD animal model.

2. Materials and methods

2.1. Animals and ethics statement

The present study conformed to the Guide for the Care and Use of
Laboratory Animals of the United States National Institutes of Health
and the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research. The protocols were approved by the Shandong
University Qilu hospital. C57BL/6 J mice used in this study were pro-
vided by the animal facility of Shandong University and Brown Norway
(BN) rats were purchased from Vitalriver (Beijing, China).

2.2. Cell culture and transfection

Bone marrow-derived macrophages (BMDM) was isolated from
C57BL/6 J mice cultured for 7 days, as described elsewhere (Gill et al.,
2010; Tanino et al., 2010). Specifically, the femur and tibia of both hind
legs were isolated and freed of all soft tissue following euthanasia.
Femurs and tibias were removed from mice and crushed in a sterile
mortar in presence of 1% FBS/PBS, and filtered. Cells were washed,
resuspended, and cultured in differentiation medium macrophage
medium (RPMI 1640, 10% fetal bovine serum and 20 ng/ml macro-
phage colony-stimulating factor (M-CSF; Peprotech, Rocky Hill, USA))
for 7 days.

SiR-TIMP-3 and scrambled siRNA was purchased from GenePharma
(Shanghai, China). Briefly, 30 nM of siR-TIMP-3 were transfected into
BMDM ( ×2 106 cells/well) using EndoFectin™ Max transfection agent
(GeneCopoeia, San Diego, CA, USA). Cells transfected with scrambled
siRNA were used as negative control. Total cellular protein and RNA
was collected 48 h after transfection.

2.3. Laser-induced CNV model and animal treatment

The laser-induced CNV model was established as described (Apte
et al., 2004; Zhao et al., 2013). Briefly, C57BL/6 J mice were anesthe-
tized with ketamine hydrochloride (100mg/kg body weight) followed
by 1% tropicamide (Santen, Osaka, Japan) for pupillary dilation. The
four laser spots were created by 532-nm laser (Visulas 532S; Carl Zeiss
Meditec, Dublin, Ireland) in a standard fashion around the optic nerve
using a slip lamp delivery system and coverslips positioned on the rat
cornea as contact lens. Lesions were induced using a power of 200mW,
a spot size of 70 μm, and a duration of 100ms. Only the laser spots in
which a bubble was produced without hemorrhage, indicating perfo-
rated Bruch’s membranes, were considered effective and included in the
study. The rupture of Bruch's membrane was confirmed by the forma-
tion of a vaporization bubble. Initially, laser spots were located between
vessels in all directions, maintaining the same distance to the optic
nerve head.

Eighteen mice were randomly divided into three groups (six animals
per group). SiR-TIMP-3 (5 μl of 100 nM) and miRNA negative control
(using the same volume as siR-TIMP-3) were packaged EndoFectin
Reagent and injected intravitreally. The vehicle group were injected
with the same volume of saline and EndoFectin Reagent. Vehicle and
drugs were administered intravitreally immediately after laser photo-
coagulation on day 0, one more injection was performed on day 4 after
laser photocoagulation. SiR-TIMP-3 and negative control sequences
were designed as below:

Forward-5′ CCAAACACUACGCCUGCAUTT

Reverse-5′ AUGCAGGCGUAGUGUUUGGTT
Forward-5′UUCUUCGAACGUGUCACGUUT (negative control)
Reverse-5′ ACGUGACACGUUCGGAGAATT (negative control)

2.4. Optical coherence tomography angiography images

Fifteen BN rats were randomly divided into three groups (five ani-
mals per group), including siR-TIMP-3 (15 μl of 100 nM), negative
control and vehicle group. They were performed retinal laser photo-
coagulation and reagent injection as mentioned above, examined by
color fundus photography and optical coherence tomography angio-
graphy images (OCTA).

OCTA was performed using the RTVue XR Avanti with AngioVue
(Optovue Inc, Fremont, California, USA). The novel technology has
been described previously in detail in a number of publications
(Ishibazawa et al. 2015; Jia et al., 2012; Quaranta-El Maftouhi et al.,
2015). A small platform was built for the stable positioning of the rat in
front of the AngioVue device. Images were taken in the deep phase of
the general anesthesia after pupil dilatation. 6×6mm² scanning di-
mension has been chosen, the scanning area can be centered on the
region of optic nerve including four laser spots.

Using the newly software (AngioAnalytics, Optovue Inc, Fremont,
California, USA), it is also possible to contour the CNV in the OCTA and
calculate the CNV area based on a binary image of the contoured area.
The CNV area is here defined as the total area with active blood flow
within the CNV network. The presence of CNV and the CNV area were
determined by two retina specialists (Y.C. and TJ.C).

2.5. Western blot analysis

Protein was extracted from BMDMs or RPE/choroidal tissues with
RIPA lysis buffer (Solarbio, Beijing, China). The tissue lysates were
centrifuged at 12,000 rpm for 10min at 4 °C, and the supernatants were
separated for further analysis. Protein samples (20 μg protein/lane)
were separated using 10% SDS-PAGE and then transferred onto PVDF
membranes (Merck Millipore, Billerica, MA, USA). The membrane was
blocked in Tris-buffered saline containing 5% nonfat milk and 0.1%
Tween 20 for 2 h at room temperature and then incubated overnight
with primary antibodies: TIMP-3 (ab39184, 1:1000, Abcam,
Cambridge, MA, USA), CD80 (AF740, 1 μg/ML; R&D Systems,
Minneapolis, MN, USA), iNOS (#13120, 1:1000; CST, Beverly, MA,
USA), CD163 (ab182422, 1:1000, Abcam), Arginase-1 (#93668,
1:1000; CST), GAPDH (1:1000; Hangzhou Goodhere Biotechnology Co.,
Ltd China). After the membranes were washed with PBS, horseradish
peroxidase (HRP)-conjugated goat anti-rabbit or anti-mouse secondary
antibodies were applied for 1 h at room temperature. After rinsing, the
proteins were detected by enhanced chemiluminescence (Merck
Millipore). The protein levels were quantified by densitometry and
normalized to the corresponding GAPDH level.

2.6. Real-Time PCR

The total RNA from BMDM or RPE/choroidal tissues were extracted
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RNA then un-
derwent reverse transcription using the Prime Script RT Master Mix kit
(TaKaRa, Shiga, Japan) followed by analysis using real-time PCR (RT-
PCR) with the SYBR Green PCR Master Mix (TaKaRa) based on the
expression of β-actin on Roche LightCycler 480 system. The primers
applied for RT-PCR reaction are shown in Table 1.

2.7. Statistical analysis

All data was expressed as means ± SEM. Assessment of statistical
significance was done using statistical analysis software SPSS (IBM
SPSS Statistics 21; SPSS Inc., Chicago, IL, USA) and GraphPad Prism
version 5.0 (GraphPad Software, La Jolla, CA, USA). For comparisons
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between experimental groups, student-t test and one-way analysis of
variance (ANOVA) were used as indicated in figure legends. All the P
values were two-sided and the differences were considered statistically
significant at P < 0.05.

3. Results

3.1. The expression of TIMP-3 is downregulated by siRNA in BMDMs

For purpose of evaluating the status of macrophage polarization
driven by TIMP-3 in BMDM, we used siR-TIMP-3 and scrambled siRNA
to transfected the BMDMs with EndoFectin™ Max transfection agent.
Then the RNA and protein were extracted after 48 h of transfection, the
RT-PCR and western blotting results of TIMP-3 expression were shown
in Fig. 1. The results demonstrated that siR-TIMP3 significantly
downregulated the expression level of TIMP-3 in BMDM using RT-PCR
(P= 0.0014) and western blotting (P= 0.0048).

3.2. Macrophage polarization is altered via TIMP-3 regulation in BMDMs

In order to test whether TIMP-3 modulates M1/M2 macrophage
polarization, BMDM were transfected with siR-TIMP-3 and siR-NC.
After 48 h of transfection, the RNA and protein of BMDM were col-
lected. Fig. 2A represents the mRNA relative expressions of CD80, TNF-
α, iNOS, CD206, Arg-1 and Ym-1 in BMDMs. Expression level of CD206,
Arg-1 and YM-1 were significantly increased after transfection in siR-
TIMP-3 group, accompanied with the decreasing TNF-α expression.
Representative blots and the relative gray values were shown in Fig. 2B-

C, the expression of iNOS protein in siR-TIMP-3 group statistically de-
creased, however, the CD163 and Arg-1 protein expression levels were
significantly elevated in siR-TIMP-3 group. The trend was consistent
with the finding in RT-PCR assay. These results indicated the polarized
trend of BMDM that the expressions of M2 macrophage biomarkers
increased after the siR-TIMP-3 transfection.

3.3. The expression of TIMP-3 is downregulated by siRNA in laser-induced
CNV mice

Eighteen mice were randomly divided into three groups (six animals
per group) of siR-TIMP-3, miRNA negative control and vehicle group,
they were performed intravitreal injection with three different regents
after laser photocoagulation on day 0 and 4. To determine whether
TIMP-3 has been suppressed successfully in RPE/choroidal tissues of
laser-induced CNV mice, we tested the TIMP-3 mRNA expression level
at different time points in three groups. As shown in Fig. 3, the TIMP-3
mRNA expression was significantly decreased at days 1, 3 and 7 after
laser photocoagulation in siR-TIMP-3 group comparing with other two
groups.

3.4. TIMP-3 regulates macrophage polarization in RPE/Choroidal tissues
with laser-induced CNV

To figure out the changes of macrophage polarization effected by
siR-TIMP-3 in laser-induced CNV mice eyes, we tested the mRNA re-
lative expression of specific markers of macrophage. The results showed
that mRNA expression of CD206, Arg1 and Ym1 significantly upregu-
lated in siR-TIMP-3 group at days 1 and 3 as compared to control,
among which CD206 and Arg-1 expression returned to baseline at day 7
after laser photocoagulation in the RPE/choroidal tissues except Ym1, it
was still shown a relatively high expression at day 7. In addition, TNF-α
mRNA relative expression increased significantly in day 1 after siR-
TIMP-3 injection (Fig. 4). Besides, CD80 and iNOS did not show sig-
nificant differences in three groups at different days.

Representative blots and the relative gray values of CD80, iNOS,
CD163 and Arg-1 protein were represented in Fig. 5. The protein ex-
pression level of CD80 was detected to be declined substantially at day
3 but increased at day 7, iNOS decreased at day 1 in siR-TIMP-3 group.
The CD163 and Arg-1 protein expression showed a significantly in-
creasing trend at days 1 and 3, additionally, Arg-1 still kept a relatively
high protein level in day 7 as compared to control. The trend of western
blot was consistent with the finding in RT-PCR, which indicated that
lack of TIMP-3 will lead to macrophage polarization toward M2 phe-
notypes with a potential pro-angiogenic capacity in retina.

Table 1
Detailed information of primers.

Primers Primer sequences (5’-3’) Annealing
temperature
(∘C)

Product
size (bp)

TIMP3 F- GCCTTCTGCAACTCCGACAT
R- TCTCGGAAGCTTCCGTATGG

60 166

CD80 F- ACGACTCGCAACCACACCATTAAG
R-TGATGACAACGATGACGACGACTG

63 172

TNF-α F- GCGACGTGGAACTGGCAGAAG
R- GCCACAAGCAGGAATGAGAAGAGG

64 103

iNOS F-TGGTCCGCTAGAGAGTGCT
R-CCTCATTGGCCAGCTGCTT;

60 108

CD206 F- ACCTGGCAAGTATCCACAGCATTG
R- TGTTGTTCTCATGGCTTGGCTCTC

63 186

Arg-1 F-GCAGAGGTCCAGAAGAATGG,
R-AGCATCCACCCAAATGACAC

58 123

Ym-1 F-TCACAGGTCTGGCAATTCTTCTG,
R-TGCATTCCAGCAAAGGCATA

59 166

β-actin F- TTGCCGACAGGATGCAGAA
R- GCCGATCCACACGGAGTACT

60 101

Fig. 1. Expression of TIMP-3 in BMDMs after siRNA transfection. 30 nM of siR-TIMP-3 and scrambled siRNA (negative control) were transfected into BMDM ( ×2 106

cells/well) using EndoFectin™ Max transfection agent, respectively. RNA of BMDM in two groups were extracted using TRIzol reagent after 48 h of transfection and
then analyzed by RT-PCR. The results showed that the mRNA expression of TIMP-3 was significantly downregulated by siR-TIMP-3 in BMDMs (P= 0.0014). The
protein expression of TIMP-3 was detected by western blotting and showed decrease in siR-TIMP-3 group (P= 0.0048). mRNA expression was relative to β-actin. The
protein expressions were relative to GAPDH. Student-t test was used to analyzed the data. *P < 0.05, **P < 0.001.
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3.5. OCTA images in the laser-induced CNV eyes

Previous studies have reported that inhibition of M2 macrophages
can suppress CNV development (Gordon and Martinez, 2010; Sica et al.,
2015). Therefore, we planned to make clear whether TIMP-3 suppres-
sion could impact on CNV formation and development via targeting M2
polarization. To this end, OCTA was applied for visualizing blood flow
of CNV lesion in rats’ eyes.

For optimized imaging, the focus in RTVue XR Avanti had to be
adjusted manually. The best quality was achieved when the cornea was

lubricated during the deep phase of general anesthesia. As OCT an-
giography imaging takes less than 30 s, anesthetic cataract does not
present a big problem OCT angiography in the model of laser-induced
CNV. After the OCTA examination, fundus colorized photography was
also performed as complemental observation. The OCTA images of
retinal perfusion in different retinal layers (superficial, deep, outer re-
tina and the choriocapillaris layers) were represented in Fig. 6A, four
laser spots were shown at approximately 3, 6, 9 and 12 o’clock around
the optic nerve.

In laser-treated eyes, we acquired the retinal circulation of four
different layers as mentioned. The abnormal neovascular vessels were
most probably detected in the outer retina and choriocapillaris because
of the automatic structure (Fig. 6B). Compared with FFA and OCT,
some parameters of CNV lesion can be automatically measured by
AngioAnalytics software, which could provide us more helpful quanti-
tative information (Fig. 6C).

3.6. TIMP-3 suppression induced CNV formation after laser-induced
photocoagulation

In order to prove whether elevation of M2 macrophages by TIMP-3
inhibition could promote CNV development, we injected miR-TIMP-3
intravitreally immediately after laser photocoagulation and on day 4 to
observe the formation of CNV lesion at day 7 by OCTA. Impact of TIMP-
3 on CNV structure and flow area was detected by color fundus pho-
tography and OCTA, CNV area in each eye was captured and auto-
matically calculated by AngioAnalytics software (Fig. 7). In our study,
the mean CNV flow areas of vehicle, miR-NC and miR-TIMP-3 groups
are 0.067 ± 0.038, 0.063 ± 0.013 and 0.136 ± 0.041 (P=0.013),
respectively, which demonstrated that intravitreal delivery of miR-
TIMP-3 resulted in a significantly larger CNV flow area in comparison
to control group at day 7.

Fig. 2. Expression of CD80, TNF-α, iNOS,
CD206, Arg-1 and Ym-1 in BMDMs after siRNA
transfection. After 48 h of siR-TIMP-3 (30 nM)
and scrambled siRNA (negative control)
transfection in BMDMs, mRNA expressions of
CD206, Arg-1 and YM-1 were significantly in-
creased in the siR-TIMP-3 group, while that of
TNF-α were decreased. CD80 and iNOS mRNA
expression were not significantly changed (A).
The protein expression of CD163 and Arg-1
were significantly increased in the siR-TIMP-3
group shown by representative blots and re-
lative gray values, accompanying with the
iNOS declined (B, C). The gene expressions
were detected by RT-PCR and relative to β-
actin, the protein expressions were detected by
western blotting and relative to GAPDH.
Student-t test was used to processed the data.
*P < 0.05, **P < 0.001.

Fig. 3. Gene expression of TIMP-3 in RPE/choroidal tissue of laser-induced
CNV mice after siRNA intravitreally injected at different time points. The mRNA
level of TIMP-3 significantly decreased at days 1, 3, and 7 in siR-TIMP-3 group.
mRNA expression was relative to β-actin. one-way analysis of variance
(ANOVA) was used to process the data. Data are presented as mean+ SEM,
n= 6 for each time point. *P < 0.05, **P < 0.001.
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4. Discussion

In this study, we identified TIMP-3 as a mediator of macrophage
polarization and function in RPE/choroid tissues. It is the first time to
demonstrate the absence of TIMP-3 could alter the macrophage dif-
ferentiation, resulting in macrophages that are skewed toward a more
pro-angiogenic polarization, with an increased expression of genes as-
sociated with M2 macrophages either in mouse and rat eyes with laser-
induced photocoagulation or BMDM cells.

Clear evidences from animal models support dual roles for resident
and invading macrophages/microglia in preventing and promoting
neovascular AMD (Apte et al., 2006; Tsutsumi et al., 2003). The con-
tradictory contributions of macrophages that have been observed in

choroidal neovascularization might be explained by differential mac-
rophage polarization with respect to M1 macrophages and M2 macro-
phages. Polarization is dynamic across time and involves the tissue
microenvironment, one crucial aspect of monocyte differentiation into
macrophages and their eventual polarization is the stereotypic altera-
tions in cell surface marker expression, leading to increasing respon-
siveness to pro-inflammatory (M1) or pro-angiogenic (M2).

Although it has been shown that M2 macrophages promoted CNV
development (He and Marneros, 2013; Wu et al., 2010), the underlying
mechanisms remain elusive. It is known that TIMP-3 is critical in
macrophage polarization in other tissues (Casagrande et al., 2012; Gill
et al., 2013; Smookler et al., 2006). Casagrande V et al. have reported
that TIMP-3 could affects atherosclerosis, likely through regulating

Fig. 4. The mRNA expression level of
CD80, TNF-α, iNOS, CD206, Arg-1 and
Ym-1 in RPE/choroidal tissue after
siRNA-TIMP-3 or negative control in-
travitreally injected at different time of
laser-induced CNV mice. The gene level
of TNF-α was elevated at day 1 in siR-
TIMP-3 group (B), while other two in-
dicators including CD80 and iNOS were
no significantly different in three
groups at different days (A, C). The
mRNA expression level of CD206, Arg-1
and Ym-1 increased at days 1, and 3 in
siR-TIMP-3 group, among these, CD206
kept a relatively high level at day 7 (D,
E, F). mRNA expression was relative to
β-actin. ANOVA was used to process the
data. Data are presented as
mean+SEM, n= 6 for each time
point. *P < 0.05, **P < 0.001.
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macrophage function (Apte et al., 2006). The overexpression of TIMP-3
in macrophages leads to smaller and more stable atherosclerotic pla-
ques that contain fewer inflammatory cells (Casagrande et al., 2012),
which indicates that increasing TIMP-3 expression in macrophages
could protect against atherosclerotic plaque formation, and potentially
promotes an anti-inflammatory phenotype in macrophages (M1). Be-
sides, recent genomewide association scan analysis demonstrated TIMP-
3 loci to be associated strongly with neovascular AMD (Lim et al., 2012;
Yu et al., 2011). However, the role of TIMP-3 involved in macrophage
polarization during CNV development is not resolved yet. Our data that

macrophages were skewed toward pro-angiogenic polarization in ab-
sence of TIMP-3 microenvironment in retina, we assumed this phe-
nomenon is involved in the changes of cytokines derived from the
different macrophage polarization subtypes.

In mice, IL-10 produced by M2 phenotype was found to be a crucial
factor driving abnormal angiogenesis, and inhibition of IL-10 decreased
angiogenesis (Apte et al., 2006). What’s more, a follow-up study found
that both IL-10 levels and M2 polarization are increased in the retinal
macrophage population of aged mice (Kelly et al., 2007). Hence,
macrophage polarization might be a directing factor in AMD. In order

Fig. 5. Protein expression of CD80,
iNOS, CD163 and Arg-1 in RPE/chor-
oidal tissue after siRNA-TIMP-3 or ne-
gative control intravitreal injection at
different time points in laser-induced
CNV mice. The protein level of CD80
decreased at day 3, however, elevated
at day 7 in siR-TIMP-3 group (A). iNOS
protein expression declined at day 1 in
siR-TIMP-3 group (B). The protein level
of CD163 and Arg-1 significantly in-
creased at days 1 and 3, and Arg-1 still
kept a high protein level in day 7 (C, D).
The protein expressions were relative to
GAPDH. ANOVA was used to process
the data. Data are presented as
mean+SEM, n= 6 for each time
point. *P < 0.05, **P < 0.001.
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Fig. 6. OCT angiograms of a 6× 6mm² area visualizing blood flow in laser-induced CNV rats. (A) OCTA of the superficial (retinal ganglion cell and inner plexiform
layers, large vessels radiating outwards from the optic nerve head to the periphery), deep (outer plexiform layer, dense plexus of capillaries) and outer (photo-
receptors, no vessels and no blood flow detectable) retina and the choriocapillaris (high blood flow) in CNV animal model. Four laser burns were shown at 3, 6, 9 and
12 o’clock of the optic nerve, marked by white arrows. (B) OCTA visualizing the CNV net at outer retinal layer, marked with red arrow. (C) Quantitative features of
CNV lesion (yellow area) including selected area and flow area are automatically calculated using AngioAnalytics software, corresponding OCT-b scan represented
the hyperreflective CNV lesion broke the RPE layer (white arrow) (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article).

Fig. 7. Impact of TIMP-3 on CNV structure and flow area was
detected by color fundus photography (Fig. 7A) and OCTA
(Fig. 7B-C), CNV area in each eye was captured and auto-
matically calculated by AngioAnalytics software. In our study,
the mean CNV flow areas of vehicle, miR-NC and miR-TIMP-3
groups are 0.067 ± 0.038, 0.063 ± 0.013 and
0.136 ± 0.041 (P=0.013), respectively, which demon-
strated that intravitreal delivery of miR-TIMP-3 resulted in a
significantly larger CNV flow area in comparison to control
group at day 7 (Fig. 7D) (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article).
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to observe the microvascular growth and related pathological changes
in mice retina, we used RTVue XR Avanti to obtain high-quality OCTA
images of vascular plexus in the different retinal layers in the rat retina
and choroid. It is possible to detect CNV quickly and to localize it in
depth by simultaneous observation of the OCT scans using OCTA. With
minimal variation of the segmentation and evaluating slabs obtained at
the level of the hyperreflective material or subretinal fluid, it was
possible to confirm a vascular component of this complex and to vi-
sualize the pathologic vessels in vivo for the first time in the laser-in-
duced CNV rat model. What’s more, it is also possible to contour the
CNV and calculate the CNV area based on a binary image of the con-
toured area using AngioAnalytics, and these results measured by OCTA
were consistent and repeatable (Alnawaiseh et al., 2016). In current
study, we found the CNV area was smaller in the negative control group
than siR-TIMP-3 group, which indicated the absence of TIMP-3 might
accelerate the growth of CNV lesions in laser-induced rat model, in
connection with macrophage polarization.

In current study, we suppressed the TIMP-3 expression using siRNA
in BMDM and RPE/choroid tissues after laser-induced photocoagula-
tion. The results have showed that the lack of TIMP-3 contributed to the
M2 polarization, the M2 biomarkers including CD206, CD163, Arg-1
and Ym-1 expression increased in the siR-TIMP-3 group in both vitro
and vivo, correspondingly. Hence, it is a critical finding that absence of
TIMP-3 could result in M2 macrophages differentiation, we deduce that
TIMP-3 could play a protective role in retina, and the decrease of TIMP-
3 will lead to macrophage polarization toward M2 phenotypes with
pro-angiogenic capacity in retina.

Collectively, we showed that TIMP-3 suppression leads to a more
pro-angiogenic microenvironment, playing a key role in CNV formation
by positively modulating M2 polarization. The role of TIMP-3 in the
regulating inflammation and novel therapeutic target needs to be fur-
ther studied.
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