Immunology

The Journal of cells, les, systems and

o British Society for

mmunologﬂ

WA ANIOIROIeA @ ORIGINAL ARTICLE

Interleukin-17A neutralization alleviated ocular neovascularization
by promoting M2 and mitigating M1 macrophage polarization
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Summary

Neovascularization (NV), as a cardinal complication of several ocular dis-
eases, has been intensively studied, and research has shown its close asso-
ciation with inflammation and immune cells. In the present study, the
role of interleukin-17A (IL-17A) in angiogenesis in the process of ocular
NV both in vivo and in vitro was investigated. Also, a paracrine role of
IL-17A was demonstrated in the crosstalk between endothelial cells and
macrophages in angiogenesis. In the retinas of mice with retinopathy of
prematurity, the IL-17A expression increased significantly at postnatal day
15 (P15) and P18 during retinal NV. Mice given IL-17A neutralizing anti-
body (NAb) developed significantly reduced choroidal NV and retinal
NV. Studies on vascular endothelial growth factor (VEGF) over-expressing
mice suggested that IL-17A modulated NV through the VEGF pathway.
Furthermore, IL-17A deficiency shifted macrophage polarization toward
an M2 phenotype during retinal NV with significantly reduced M1 cyto-
kine expression compared with wild-type controls. In vitro assays revealed
that IL-17A treated macrophage supernatant gave rise to elevated human
umbilical vascular endothelial cell proliferation, tube formation and VEGF
receptor 1 and receptor 2 expression. Therefore, IL-17A could potentially
serve as a novel target for treating ocular NV diseases. The limitation of
this study involved the potential mechanisms, such as which transcription
accounted for macrophage polarization and how the subsequent cytokines
were modulated when macrophages were polarized. Further studies need
to be undertaken to definitively determine the extent to which IL-17A
neutralizing anti-angiogenic activity depends on macrophage modulation
compared with anti-VEGF treatment.

Keywords: interleukin-17A; M1, M2 macrophage polarization; ocular
neovascularization; vascular endothelial cells; vascular endothelial growth
factor.

Abbreviations: DMEM, Dulbecco’s modified Eagle’s medium; ERK, extracellular signal-regulated kinase; FBS, fetal bovine serum;
GM-CSF, granulocyte-macrophage colony-stimulating factor; HUVECs, human umbilical vascular endothelial cells; IL-17, inter-
leukin-17; JNK, Jun N-terminal kinase; KC, keratinocyte-derived chemokine; MAPK, mitogen-activated protein kinase; MCP-1,
monocyte chemoattractant protein 1; NAb, neutralizing antibody; NV, neovascularization; Pn, postnatal day n; RANTES, regu-
lated upon activation normal T-cell expressed and secreted; RNV/CNV, retinal/choroidal neovascularization; ROP, retinopathy of
prematurity; TNF-o, tumour necrosis factor-o; VEGF, vascular endothelial growth factor; WT, wild-type
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Introduction

Formation of blood vessels is an essential process for the
development of organism and tissue regeneration. How-
ever, angiogenesis occurring during postnatal develop-
ment, usually abnormal angiogenesis, is probably
associated with inflammation." Ocular neovascularization
(NV) includes retinal and choroidal NV (RNV/CNV),
which account for most moderate and severe vision losses
in developed countries.” Treatments for these diseases,
such as age-related macular degeneration and diabetic
retinopathy, include numerous intravitreal injections of
anti-vascular endothelial growth factor (anti-VEGF) anti-
body to inhibit NV, which costs patients repeated office
visits. However, the treatments take effect in only some
patients, indicating that anti-VEGF alone is not effective
enough to modulate the NV process.” Recently, a growing
number of studies have revealed that NV is regulated by
a complex interplay between inflammatory cytokines and
immune cells. During the process, immune cells such as
macrophages and granulocytes are recruited to the
hypoxic area to produce a variety of cytokines to make a
pro-angiogenic microenvironment.*

Interleukin-17 (IL-17) has been reported as a main
effector cytokine of Th17 cells and has become increasingly
interesting following the identification of Th17 immunol-
ogy. Six IL-17 family members have been identified cur-
rently, IL-17A to IL-17F; IL-17A, which is often recognized
as the signature cytokine of T helper type 17 cells, has been
identified as the prototypic family member.” Interleukin-
17, an inflammatory cytokine, has been studied in immu-
nity, infection, transplantation and tumours, and has been
shown to enhance tumorigenesis through the up-regula-
tion of angiogenesis-related molecules. Previous investiga-
tions by Chung et al.® revealed a paracrine network
mediated by IL-17-promoted tumour resistance to anti-
angiogenic therapy. Pickens et al.” found an increased con-
centration of IL-17 in rheumatoid arthritis joints, and it
induced human lung microvascular endothelial cell migra-
tion. Other research has shown that IL-17 stimulated
tumour growth by up-regulating pro-angiogenic factors
such as VEGF and matrix metalloproteinase-9, suggesting
an indirect role of IL-17 in angiogenesis.®

Recently, many reports have demonstrated the involve-
ment of IL-17 in the pathogenesis of age-related macular
degeneration. These studies identified elevated levels of IL-
17 in patients with age-related macular degeneration.”'°
Besides, Hasegawa et al.'' demonstrated that IL-17 pro-
moted CNV in a VEGF-independent manner in a laser-
induced CNV mouse model. According to these findings, it
is reasonable to support that IL-17 plays an important role
in ocular NV in addition to VEGF. However, further stud-
ies on how IL-17 modulates ocular NV remained to be car-
ried out. Therefore, in this study, the role of IL-17A in
regulating ocular NV and its potential interactions with
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macrophages and inflammatory cytokines in several ocular
NV mouse models and cell assays were investigated.

Materials and methods

Mice and ethics statement

All procedures and animal care were performed in accor-
dance with the Guide for the Care and Use of Laboratory
Animals, by the National Institutes of Health, with the
approval (SYXK-2011-0026) of the Scientific Investigation
Board of Shanghai Jiao Tong University School of Medi-
cine, Shanghai, China. Mice used in this study included
specific pathogen-free C57BL/6 mice (Charles River Labo-
ratories, Wilmington, MA), IL-17A~"~ mice (purchased
from Jackson Laboratory, Bar Harbor, ME), rhodopsin
promoter/VEGF (rho/VEGF) transgenic mice,'> and double
transgenic mice with doxycycline-inducible expression of
VEGF in photoreceptors (Tet/opsin/VEGF double trans-
genic mice),"” all on a C57BL/6 background. All efforts
were made to minimize animal suffering.

Mouse model of oxygen-induced RNV and immunos-
taining

Mice on a C57BL/6 background were exposed to 75 + 3%
oxygen from postnatal day 7 (P7) to P12 with their nursing
mother and returned to room air at P12, as described in a
previous study.'* At P12, the mice were divided into several
groups, with one eye intravitreously injected with IL-17A
neutralizing antibody (NAb) at 0-1, 0-5 or 1 pg/ul or with
recombinant IL-17A (rIL-17A) at 0-01, 0-1 or 0-5 pg/pl
and the other eye intravitreously injected with PBS.
Intraocular injection was performed using a dissecting
microscope with a Harvard Pump Microinjection System
(Harvard Apparatus, Holliston, MA) and pulled glass
micropipettes as described in a previous study.'” At P17,
the mice were killed and their eyes were removed and fixed
in 4% phosphate-buffered formalin at room temperature
for at least 5 hr. The retinas were then dissected and incu-
bated in fluorescein Griffonia Simplicifolia Lectin-B4
(GSA-Lectin, 1 : 50; Vector Laboratories, Inc., Burlingame,
CA) labelled with FITC for 45 min at room temperature.
After this, the retinas were washed three times in PBS and
whole mounted with radial incision from the edge of the
retina to the equator on glass slides in a mounting medium
(Aquamount; Polysciences, Warrington, PA). Retinal flat-
mounts were examined and captured with a fluorescence
microscope (Nikon Instruments Inc., New York, NY),
and images were analysed using the iMaGe-PrO Plus software
(Media Cybernetics, Silver Spring, MD).

Mouse model of CNV and flat-mounts analysis

Choroidal NV was induced by laser photocoagulation
with rupture of Bruch’s membrane, as described in a
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previous study.'® Briefly, 5- to 8-week-old C57BL/6 mice
were anaesthetized with ketamine hydrochloride (100-mg/
kg body weight), and their pupils were dilated with 1%
tropicamide. Laser spots were delivered using a system of
an OcuLight GL diode laser (100-um spot size, 0-1-sec-
ond duration, 100 mW; Iridex, Mountain View, CA,
USA), with a cover slide placed on the cornea as a con-
tact lens to view the retina, to perform burns at 3, 9 and
12 o’clock positions in the retina per eye. A bubble at the
impact site was confirmed as the disruption of the
Bruch’s membrane. As a result, only laser spots produced
with a bubble were included in the study. At days 1 and
7 after photocoagulation, mice were given 0-1, 0-5 or
1 pg/pl of IL-17A NAb or 0-01, 0-1 or 0-5 pg/pl of rIL-
17A in one eye and PBS in the other eye. Two weeks after
photocoagulation, mice were anaesthetized and perfused
with 1 ml of PBS containing 50 mg/ml of fluorescein-
labelled dextran (2 x 10° average molecular weight;
Sigma-Aldrich, St Louis, MO) into the left ventricle. The
mice were then killed and their eyes were removed and
fixed in 4% formalin at room temperature for at least
5 hr. Choroidal membranes were carefully dissected, flat-
mounted, examined and captured with a fluorescence
microscope, and images were analysed using the mMAGE-
PRO PLUS software, with investigators masked with respect
to the experimental groups.

Mouse model of VEGF over-expressed transgenic mice

Rho/VEGF transgenic mice, in which the rhodopsin
promoter drives the expression of human VEGF¢s in
photoreceptors so that new vessels sprout from the deep
capillary bed of the retina starting at P10,'* were intravit-
reously injected with 0-5 pg/pl IL-17A NADb or 0-1 pg/pl
rIL-17A in one eye and PBS in the other eye. At P21, the
rho/VEGF transgenic mice were anaesthetized and per-
fused with fluorescein-labelled dextran (Sigma-Aldrich).
Their eyes were removed and fixed in 4% formalin for at
least 5 hr. The cornea and lens were removed and the
entire retina was carefully dissected from the eyecup with
a radial cut from the edge of the retina to the equator
and flat-mounted in a mounting medium. The retinal
flat-mounts were examined by fluorescence microscopy at
a 200 x magnification so that easy delineation of the NV
on the outer edge of the retina was accessible, with the
remainder of the retinal vessels out of focus. The macGe-
PRO PLUS software was used to measure the number and
the total area of NV lesions per retina. Double-hemizy-
gous Tet/opsin/VEGF double-transgenic mice (4-6 weeks
old) with doxycyclin-inducible expression of human
VEGF,¢5 were given 2 mg/ml of doxycycline in their
drinking water to trigger high expression of VEGF (at
least 30-fold higher than that seen in the rho/VEGF mice)
in photoreceptors within 5 days.'” After 5 days, retinas
were pooled for RNA isolation.
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Immunofluorescence staining of IL-17A and GSA-lectin

C57BL/6 mice with retinopathy of prematurity (ROP) or
age-matched controls were killed at P15 and P18. Their eyes
were enucleated and rapidly frozen in optimum cutting tem-
perature embedding compound (Miles Laboratories,
Elkhart, IN) for frozen section. Sections (10 pm) were
thawed, air-dried and fixed in acetone at —20°C for 20 min.
These sections were then incubated in 5% BSA followed by
overnight incubation at 4°C in polyclonal rabbit anti-mouse
IL-17A antibody (Santa Cruz Biotechnology, Inc., Dallas,
TX). They were then incubated in Alexa 555 anti-rabbit IgG
(Cell Signaling Technology, Inc., Danvers, MA) and GSA-
Lectin. Antibodies were diluted with an antibody diluent
(Dako, Glostrup, Denmark). The sections were finally
washed with PBS between these incubations, and examined
and captured with a fluorescence microscope.

Cell culture

Human umbilical vascular endothelial cells (HUVECs)
and RAW264.7 cells (Cell Bank of Chinese Academy of
Science, Shanghai, China) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) with 10% fetal bovine
serum (FBS). The cells were resuspended in DMEM con-
taining 2% FBS and seeded in triplicate to six-well plates
until the cells adhered to the plate after 24 hr. The med-
ium of RAW264.7 cells was replaced with 1 ml of fresh
DMEM containing 0-2% FBS and different concentrations
(0, 10, 50 and 100 ng/ml) of rIL-17A (R&D Systems,
Minneapolis, MN). After 24 hr, the supernatant of
RAW264.7 cells was collected to replace the medium of
HUVECs for the following incubation. The cells were
harvested and subjected to RNA and protein isolation as
described under Real-time RT-PCR and Immunoblots of
retina tissues and cell lysate.

Cell proliferation

The HUVECs were resuspended in DMEM containing
0-2% FBS. Approximately 4 x 10> cells in 100 pl of med-
ium were added in triplicate to each well and incubated
at 37°C in 5% CO, for 24 hr until the cells adhered to
the plate. Then the medium was replaced with 100 pl per
well of the supernatant of RAW264.7 cells cultured with
different concentrations of rIL-17A or HUVEC culture
medium containing different concentrations of rIL-17A.
After 24, 48 or 72 hr of incubation, 10 pl of Cell Count-
ing Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) was
added to each well in accordance with the manufacturer’s
instructions, and the cells were incubated for another
90 min at 37°C. The absorbance of 450 nm was measured
with a microplate reader (Model 450; Bio-Rad, Hercules,
CA). The independent experiments were repeated three
times.
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Tube formation assay

Growth factor-reduced basement membrane matrix
(Matrigel; BD Bioscience, San Jose, CA) was added at
150 pl per well into 48-well plates on ice and the plates
were placed at 37°C for 30 min for polymerization.
HUVECs (2 x 10%) in 100 pl of DMEM containing 0-2%
FBS with or without 50 ng/ml rIL-17A or supernatant of
RAW264.7 cells treated with 50 ng/ml rIL-17A were pla-
ted onto the gel surface and incubated at 37°C for 6 hr.
VEGF (10 ng/ml) was used as a positive control. Cell
tube formation was examined by phase-contrast micro-
scopy and images of five random fields per well were
taken. An endothelial tube number was quantified as
described in a previous study.'”

Real-time RT-PCR

Mice with ROP or age-matched controls were killed, and
their eyes were removed at specific times for observation.
The retinas were dissected after an annular incision along
the limbus, leaving the anterior segments removed. Total
RNA of retinas and harvested cells was isolated using a Tri-
zol reagent (Invitrogen, Carlsbad, CA), in accordance with
the manufacturer’s instructions.'® Pre-treated with DNase
(Promega, Fitchburg, WI), 2 pg of each sample of RNA
was reverse transcribed into complementary DNA with M-
MLV Transcriptase and oligo dT Primers (Promega) as
instructed by the manufacturers. Quantitative RT-PCR
analysis was performed as described in a previous study.'’
Briefly, each PCR was carried out in a 20-pl volume using
iQ SYBR Green mix (Roche, Basel, Switzerland) for 10 min
at 95°C denaturation, followed by 95°C for 30 seconds and
60°C for 1 min for 40 cycles in ABI 7500, and normalized
by housekeeping genes. Two retinas were considered as one
sample. The AAC method was used for relative quantifica-
tion. Primers used included VEGFR1 (forward: 5'-
TAGTGTTGTGGGCTCTGTATTC-3/, reverse: 5'-AGCTT
CCTCAGCACACTATTT-3'), VEGFR2 (forward: 5'-AGCA
GGATGGCAAAGACTAC-3/, reverse: 5-TACTTCCTCCT
CCTCCATACAG-3'), cyclophilin A (forward: 5-CAGA
CGCCACTGTCGCTTT-3/, reverse: 5-TGTCTTTGGAA
CTTTGTCTGCAA-3'). Others are listed in Table 1.

Immunoblots of retina tissues and cell lysate

C57BL/6 mice with ROP or age-matched controls were
killed at P13, P15, P18 and P21. The retinas were imme-
diately dissected and pooled for protein isolation. The
retina tissues were sonicated for 5 seconds at 4°C, and
RAW264.7 cells were lysed in ice-cold protein lysis buffer
containing 2% proteinase inhibitor and 1% phosphatase
inhibitor (Roche), in accordance with the manufacturer’s
instructions. The protein concentration of the supernatant
was measured using a BCA Protein Quantification Assay
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Kit (Thermofisher Scientific, Goteborg, Sweden). Protein
(100 pg) was loaded in wells of a 10% SDS gel, and sepa-
rated proteins were transferred to a nitrocellulose mem-
brane after electrophoresis. The membrane was incubated
in 0-05 M Tris-buffered saline (TBS), pH 7-6, containing
5% skim milk, for 2 hr at room temperature to block
non-specific binding sites, and then probed with primary
antibodies overnight at 4°C, followed by incubation with
horseradish peroxidase-conjugated goat anti-rabbit poly-
clonal antibody (Amersham Pharmacia Biotech, Liv-
ingston, NJ) at room temperature for 1 hr then washing
in TBST three times. Membranes were then incubated in
an Enhanced Chemoluminescence-Plus Western Blotting
Detection Reagent (Amersham Pharmacia Biotech) for
signal detection. Primary antibodies used included rabbit
anti-mouse IL-17A antibody, Jun N-terminal kinase
(JNK), phospho-JNK, Akt, phospho-Akt (Thr308), extra-
cellular signal-regulated kinase 1/2 (ERK1/2), phospho-
ERK1/2, Notchl, p38, phospho-p38 (Cell Signaling
Technology), and f-actin (Sigma-Aldrich).

Antibody array detection of cytokine levels

Cytokine levels in culture supernatant of RAW264.7 trea-
ted with rIL-17A were measured using a Quantibody
Cytokine Array Kit (QAM-CYT-1-1; RayBiotech, Inc.,
Norcross, GA). Cytokines including IL-1a, IL-1f, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-13, IL-17,
keratinocyte-derived chemokine (KC), monocyte chemo-
tactic protein 1 (MCP-1), macrophage colony-stimulating
factor (M-CSF,) regulated upon activation normal T-cell
expressed and secreted (RANTES), tumour necrosis fac-
tor-o (TNF-o), VEGF, granulocyte-macrophage colony-
stimulating factor (GM-CSF) and interferon-y were quan-
titatively ~detected according to the manufacturer’s
instructions, and the data were analysed with an accessi-
ble software provided by the company.

Quantification of NO production in cell supernatant

RAW264.7 macrophages (5 x 10*/ml) were cultured in
DMEM with different concentrations of rIL-17A for
24 hr. The supernatant was then collected for measuring
the accumulation of nitrite according to the Griess reac-
tion.” Briefly, equal volumes of culture supernatant from
each well sample of medium were mixed with Griess
reagent in a 96-well plate. After 15 min of incubation at
room temperature, the absorbance at 550 nm was exam-
ined and the nitrite concentration in the supernatants
was calculated using nitrite as a standard.

Isolation of mouse retina CD11b" cells
Mouse retinas of P13, P15, P18 and P21 from wild-type

(WT) mice and IL-17'" mice with oxygen-induced
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Table 1. Primer sequences and fold changes for real-time RT-PCR analysis

IL-17A77/WT
Gene Accession 1D Forward primer (5'-3') Reverse primer (5'-3') Fold P-value
MCP-1 NM_011333.3 CTCGGACTGTGATGCCTTAAT TAAATGCAAGGTGTGGATCCA 0-69 0-028 (P15)
ICAM-1 NM_010493.2 TTCTCATGCCGCACAGAACT TCCTGGCCTCGGAGACATTA 0-47 0-031 (P15)
VEGFa NM_001287058.1 CACTTCCAGAAACACGACAAAC TGGAACCGGCATCTTTATCTC 0-38 3.8E-04 (P15)
CDllc NM_021334.2 GTGCCCATCAGTTCCTTACA GAGAAGAACTGTGGAGCTGAC 0-303 0-014 (P15)
iNOS NM_001313922.1 CCCTTCAATGGTTGGTACATGG ACATTGATCTCCGTGACAGCC 0-66 0-27 (P15)
IL-18 NM_008361.4 TGCCACCTTTTGACAGTGATG AAGGTCCACGGGAAAGACAC 0-32 0-0062 (P15)
CD206 NM_008625.2 GGAATCAAGGGCACAGAGTTA ATTGTGGAGCAGATGGAA 5-14 4-02E-06 (P17)
IL-10 NM_010548.2 TAACTGCACCCACTTCCCAG AAGGCTTGGCAACCCAAGTA 6-37 0-014 (P17)
CD163 NM_001170395.1 CAGACTGGTTGGAGGAGAAATC TGACTTGTCTCTGGAAGCTG 2:28 0-18 (P17)
TGF-p NM_025609.2 ATTCCTGGCGTTACCTTGG AGCCCTGTATTCCGTCTCCT 2-20 0-011 (P17)
MHC 11 NM_007575.2 GTCTCTGTCCTGGTGGCTCT AGGTTCTGGGAGGTGATGG 0-31 0-026 (P17)
IL-1ra NM_001159562.1 TAGTGTGTTCTTGGGCATCC CGCTTGTCTTCTTCTTTGTTCT 1-49 0-048 (P17)
Fizzl NM_020509.3 CGTGGAGAATAAGGTCAAGGA CAGTAGCAGTCATCCCAGCA 4-54 0-045 (P17)
Yml NM_009892.3 TCTCTACTCCTCAGAACCGTCAG CGCATTTCCTTCACCAGAAC 1-19 0-59 (P17)
TLR4 NM_021297.3 TCAGAGCCGTTGGTGTATCTT GCTTTCTTGGGCTTCCTCTT 0-50 0-042 (P15)
TLR2 NM_011905.3 GTGTCTGGAGTCTGCTGTGC GCTTTCTTGGGCTTCCTCTT 1-12 0-73 (P15)
CD80 NM_009855.2 TGTCCAAGGCTCATTCTTCTC TAACGGCAAGGCAGCAATA 0-91 0-67 (P15)
CD86 NM_019388.3 AGCACGGACTTGAACAACCA TGTAAATGGGCACGGCAGAT 0-48 0-031 (P15)
IFN-y NM_008337.4 AGCAAGGCGAAAAAGGATGC TCATTGAATGCTTGGCGCTG 0-26 0-041 (P15)
IL-12a NM_001159424.2 TCTTCTCACCGTGCACATCC TGGCCAAACTGAGGTGGTTT 0-16 0-083 (P15)
1L-23 NM_031252.2 CAAAGGATCCGCCAAGGTCT GGAGGTGTGAAGTTGCTCCA 1-04 0-91 (P15)
1L-6 NM_001314054.1 GACAAAGCCAGAGTCCTTCAGA TGTGACTCCAGCTTATCTCTTGG 0-19 0-0032 (P15)

0-23 0-035 (P17)
TNF-o NM_013693.3 GAACTGGCAGAAGAGGCACT AGGGTCTGGGCCATAGAACT 0-33 0-0083 (P15)

0-27 0-032(P17)

Messenger RNA expression of macrophage polarization-associated genes in the wild-type (WT) and interleukin-17A-deficient (IL-17A~'") mouse

model of retinopathy of prematurity. To investigate the effect of IL-17A blockade on macrophage polarization, M1- and M2-associated cytokines

were analysed at P15 and P17. Relative gene expressions were analysed using the AACT method and endogenously normalized to cyclophilin A.

Statistical analysis were followed with the Student’s t-test (n = 12 mice/group).

retinopathy (each time-point included 6-10 mice, one
mouse as one sample) were carefully dissected out and
digested in pre-warmed 16-5-U/ml papain solution (Wor-
thington Biochemical, Lakewood, NJ) for 30 min with
gentle pipetting. The cell digestion suspensions were then
transferred and passed through cell strainers (BD Falcon,
Franklin Lakes, NJ, USA) to ensure single-cell suspension.
Trypsin inhibitor was added to stop digestion, and then
cells were spun down at 900 rpm (89g). After gently
removing the supernatant, the cell pellet was resuspended
with 90-pl MACS buffer (BD Biosciences) and mixed well
with 10-pl anti-mouse CDI11b magnetic beads (Miltenyi
Biotec, Bergisch Gladbach, Germany), incubated at 4°C
for 20 min, washed once, and resuspended in 500-ul
MACS buffer. The cell pellet was then loaded on a pre-
moisturized MS column (BD Biosciences) and washed
twice. Then the columns were taken off the magnetite
and residue cells were flushed out of the column, accord-
ing to the manufacturer’s protocol. The selected cells were
collected and analysed by flow cytometry. All retina cell
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samples from different mice were treated as mentioned
separately.

Flow cytometry analysis

The CD11b" cells from the retinas of mice with ROP
were resuspended in MACS buffer (BD Biosciences) and
incubated with phycoerythrin-conjugated anti-mouse
CDl1lc (BD Biosciences), F4/80 (eBioscience, Vienna,
Austria), Alexa Fluor 647-conjugated CD206 (AbD), and
the matching control isotype IgGs for 30 min at 4°C.
Then the cells were washed and rinsed again and incu-
bated with secondary antibodies for 30 min at 4°C. The
cells were then washed and resuspended in FACS buffer
(BD Biosciences) and analysed by flow cytometry
(FACSCalibur cytometer; BD Biosciences, Heidelberg,
Germany). M1 macrophages were identified as F4/80-
positive/CD11c-positive and M2 macrophages as F4/80-
positive/CD206-positive cells.”! Data analyses were per-
formed using FLowjo software (Tree Star, Ashland, OR).

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428
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Statistical analysis Merged images did not show co-localization of IL-17A
and lectin, which stained for endothelial cells (Fig. 1a).
These findings indicated that IL-17A played a supportive
role in RNV progress, but it might not be directly
through endothelial cells.

Quantitative data were presented as mean values + stan-
dard error of mean (SEM). Statistical significance was
determined by the two-tailed Student’s t-test or one-way
analysis of variance with the Student-Newman—Keuls
method for multiple comparisons. Differences were con-
sidered to be statistically significant at P values of 0-05. Pro-angiogenic effects of IL-17A on NV both in RNV
Statistical analysis was performed using SAS 9.0 software and CNV mouse models

(SAS Institute Inc., Cary, NC, USA). The IL-17A”'~ and WT mice, both on C57BL/6 back-
ground, were subjected to both ROP and CNV models as

Results described in the Materials and methods section. The WT

mice were divided into several groups at random to eval-
Detection of high levels of IL-17A in ROP mice uate the effects of rIL-17A and IL-17A NAb on RNV and
retinas as RNV progressed CNV. To investigate the effects as well as the effective

.. . concentration, dose—effect experiments were performed
Immunofluorescence staining, quantitative PCR and .

with these two mouse models. Results revealed that
IL-17A neutralization significantly inhibited RNV and
CNV at a concentration of 0-5 pg/pl, whereas rIL-17A
promoted NV with a significant difference at a concentra-
tion of 0-1 pg/ul compared with PBS-injected eyes. Reti-
nal and choroidal flat-mounts were performed as

displayed in Fig. 2. The area of CNV and RNV decreased

immunoblot assays were performed to investigate if IL-
17A played a role in RNV progress. Quantitative PCR
and immunoblot assays demonstrated that IL-17A ele-
vated significantly at P15 and P18 in retinas of mice with
ROP compared with age-matched controls (Fig. 1b—d).
Immunofluorescence staining also showed high IL-17A
expression in retinas of mice with ROP at P15 and P18.
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Figure 1. Interleukin-17A (IL-17A) expression examined by immunofluorescence staining, quantitative PCR and immunoblots in retinas of mice
with retinopathy of prematurity (ROP) at postnatal day 13 (P13), P15, P18 and P21. Mice with ROP were killed at P13, P15, P18 and P21 and
the eyes of ROP mice and age-matched controls at P15 and P18 were enucleated, fixed and prepared for frozen sections. Immunofluorescence
staining of IL-17A (red) and lectin (green) was performed at P15 and P18 in the retinas of mice with ROP (arrowheads) as neovascularization
(NV) progressed (a). Quantitative PCR and immunoblot assays were performed to evaluate the expression level of IL-17A from P13 to P21 in
mice with ROP and age-matched controls (b and c). Quantification of the protein level of IL-17A in mouse retinas (d). Data were mean + SEM
from three independent experiments. Statistical analysis was performed using the two-tailed Student’s ¢-test (n = 6-8 mice/group, *P < 0-05).
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Figure 2. Immunofluorescent staining of retinas and choroidal flat-mounts of models of mice with retinopathy of prematurity (ROP) and chor-
oidal neovascularization (CNV). Interleukin-17A-deficient (IL-17A"'") and wild-type (WT) C57BL/6 mice were subjected to hypoxic retinopathy
and laser-induced CNV as described in the Materials and methods section. Among them, the WT mice were divided into several groups at ran-
dom, with one eye intravitreously injected with rIL-17A or IL-17A neutralizing antibody (NADb) and the other eye injected with PBS at postnatal
day 12 (P12) for mice with ROP, and at days 1 and 7 after laser photocoagulation for mice with CNV. The retinas of mice with ROP were flat-
mounted and stained with FITC-lectin at P17, while choroidal flat-mounts from mice with CNV were performed at day 14 after photocoagula-
tion as described (a—e: n = 10 mice/group; g—k: n = 10 mice/group). Dose—effect experiments of IL-17 NAb and rIL-17A were performed (m-p).
The 1MAGE-PRO PLUS software was used to quantify the area of NV (f and 1). Statistics were analysed using the Student-Newman—Keuls method.

Data were mean + SEM; *P < 0-05.

significantly in IL-17A~"~ and 0-5-pg/pl TL-17A Nab-trea-
ted mice, but increased in mice treated with 0-1 pg/pl
rIL-17A (Fig. 2a—e and g-k). High magnification of reti-
nal flat-mounts (arrows) showed less and smaller NV
sprouts of IL-17A~'~ (Fig. 2h) and IL-17A Nab-treated
mice (Fig. 2j). These findings demonstrated that IL-17A
probably acted as a pro-angiogenic cytokine in the ROP
and CNV mouse models.

Reduction of sub-retinal NV by IL-17A neutralization
in VEGF over-expressed mice, but not conversely

Rho/VEGF mice were intravitreously injected with IL-17A
NAb and rIL-17A in one eye and PBS in the other at

420

P12. Retinas were dissected, flat-mounted, and stained
with FITC-lectin at P21. An examination of retina flat-
mounts under fluorescence microscopy revealed that
IL-17A NAb inhibited sub-RNV significantly, whereas
rIL-17A did the opposite (Fig. 3a—h). Further investiga-
tion as to whether high levels of VEGF expression
stimulated IL-17A expression was carried out using
VEGEF-over-expressed and VEGF-neutralized mice. Quan-
titative PCR assays of these mouse retinas demonstrated
no significant difference of IL-17A expression in VEGEF-
over-expressed and VEGF-neutralized mice compared
with controls (Fig. 3i-k). These findings revealed that
VEGF-induced ocular NV seemed independent of IL-17A,
but IL-17A might modulate ocular NV through VEGF.

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428
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Figure 3. Immunofluorescence staining of retinal flat-mounts of rho/vascular endothelial growth factor (VEGF) mice treated with interleukin-
17A neutralizing antibody (IL-17A NAb), rIL-17A, and IL-17A mRNA expression in the retinas of VEGF-over-expressed and VEGF-neutralized
mice. IL-17A NAb and rIL-17A were intravitreously injected into the eyes of rho/VEGF mice at postnatal day 12 (P12), with control eyes injected

with PBS; the retinas were dissected, stained with FITC-lectin, and flat-mounted at P21 (n = 12 mice/group). The total area of sub-retinal neo-

vascularization (RNV) was reckoned by the mMAGE-PRO PLUS software (a—h). Data were analysed with the Student-Newman—Keuls test. The retinas

of rho/VEGF mice and Tet/opsin/VEGF double-transgenic mice were dissected for RNA isolation as described in the Materials and methods sec-

tion, including the retinas of mice with retinopathy of prematurity (ROP) treated with anti-VEGF NAb (n = 12 mice/group). The real-time

RT-PCR demonstrated the difference of IL-17A mRNA expression in these VEGF-over-expressed and anti-VEGF-neutralized mice compared with
controls (i-k). Data were analysed using the Student’s t-test and shown as mean £ SEM (*P < 0-05).

Promotion of M1-polarization-associated cytokine
expression by IL-17A in mice with ROP

The retinas of IL-17A~'~ and WT C57BL/6 mice with
ROP were collected for RNA isolation, and quantitative
PCR was performed to investigate the macrophage

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428

polarization-associated gene expression. Cluster analysis
of ROP mouse gene expression by Sato et al** had
already demonstrated that genes associated with inflam-
mation expressed high values during the whole process of
oxygen-induced retinopathy, and up-regulated before the
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formation of RNV. Spiller KL et al.*® suggested that M1
macrophages appeared at the early stages of wound heal-
ing (1-3 days), and M2 macrophages appeared at a later
stage (4-7 days). Therefore, in this study, inflammation-
associated genes, most probably M1 cytokines, were
examined at P15 and genes relevant to later-stage macro-
phage polarization at P17. The results suggested that IL-
17A~'~ mice with ROP expressed relatively low levels of
inflammatory cytokines with statistical significance com-
pared with WT controls (MCP-1, intercellular adhesion
molecule 1, VEGF, TNF-0, inducible nitric oxide syn-
thase, interferon-y, IL-1f, IL-6, Toll-like receptor 4 and
IL-12), indicating potential roles of IL-17A in M1 polar-
ization. Also, according to the functional profiles of M1
and M2 macrophages introduced by Haruaki Tomioka
et al** and the findings we detected, significant high
levels of Fizzl, transforming growth factor-f, IL-1RA and
CD206, and low levels of TNF-o, MHC II and IL-6 at
P17 suggested a predominant mixed M2a and M2c
phenotype in IL-17A deficiency (Table 1).

Shift of macrophage polarization toward an M2
phenotype during RNV due to IL-17A deficiency

Flow cytometry analysis was applied to exploring the role
of IL-17A in macrophage polarization in the process of
RNV. The retinas of WT and IL-17A~'~ mice with ROP
were dissected and digested with papain for flow cytome-
try analysis at P13, P15, P17 and P21. After sorting by
CDI11b beads, F4/80-positive CD1lc-positive cells were
identified as M1 whereas F4/80-positive CD206-positive
cells were identified as M2, as suggested in previous stud-
ies.”"*> Results showed fewer M1 polarized macrophages
in IL-17A~'~ mice than in WT controls, especially at P15
and P17, but more M2 polarized macrophages in IL-
17A~"" mice than in WT controls, especially at P17. The
M1/M2 ratio revealed a shift of macrophage polarization
toward M2 in IL-17A”'" mice compared with WT
controls during the RNV process (Fig. 4).

Enhancement of M1 proliferation signalling but
mitigation of M2 proliferation signalling in
macrophages by IL-17A

The mitogen-activated protein kinase (MAPK) family con-
sisted of three parallel signal-transduction modules con-
verging on the serine/threonine kinases JNK, p38, and
ERK, and research has shown MAPK signalling to be
involved in the promotion of M2 macrophage polariza-
tion.”® Studies by Chiu et al.”’ revealed that the inhibition
of Akt and nuclear factor-«B diminished M2 induction in
tumour-associated macrophages in oral squamous cell car-
cinoma. Wang et al.?® found Scriptaid shifted macrophage
polarization toward the protective M2 phenotype by
enhancing phosphorylation of AKT signalling in severe
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traumatic brain injury. Also, Singla et al.*’ indicated that

Notchl signalling played a pivotal role in M1 macrophage
differentiation and enhanced inflammatory responses, and
inhibition of Notchl subsequent downstream signalling
enhanced M2 polarized macrophage outcomes and pro-
moted anti-inflammatory mediation. In an attempt to
explore the role of IL-17A in macrophage polarization
in vitro, the expression level and phosphorylation status of
these kinases in RAW264.7 macrophages were examined.
As shown in Fig. 5, phosphorylation levels of MAPK sig-
nalling decreased in the presence of rIL-17A, whereas
expression of M1 polarization-associated Notch1 increased
with a statistical significance. These findings suggested that
IL-17A tended to be an M1 polarization promoter that
might heighten inflammatory responses.

Expression of inflammatory M1lassociated cytokines
rather than M2-associated cytokines by RAW264.7
macrophages due to IL-17A

RAW264.7 cells were treated with 0, 10, 50 and 100 ng/
ml rIL-17A for 24 hr. Cell lysate and culture supernatant
were collected for quantitative PCR and protein detection.
Quantitative analysis of cell mRNA revealed that mRNA
expression of inducible nitric oxide synthase and TNF-«
was up-regulated after stimulation by rIL-17A, whereas
IL-10 and CD206 decreased. Protein concentrations of
GM-CSF, IL-2, KC, IL-5, IL-9, RANTES and VEGF in the
culture supernatants were detected by the Quantibody
Cytokine Array Kit. Interleukin-17A significantly induced
the expression of these cytokines. Also, NO production
was determined by measuring the accumulation of nitrite
in the supernatant using Griess reagent, which showed an
increment in a dose-dependent manner. These results
indicated that IL-17A stimulated the macrophage polar-
ization shift to M1 phenotype, which resulted in a pro-
angiogenic microenvironment (Fig. 6).

Promotion of HUVEC proliferation and tube
formation by IL-17A-treated macrophage supernatant

Human umbilical vascular endothelial cells were incubated
in culture supernatant of rIL-17A-treated RAW264.7
macrophages or a culture medium containing different
concentrations of rIL-17A cytokine for 24 hr. After 24 hr,
the cells were subjected to RNA isolation. Quantitative
PCR suggested significantly high expression of VEGFRI
and VEGFR2 in HUVECs incubated in 50 ng/ml rIL-17A-
treated RAW264.7 macrophage supernatant (Fig. 7a, b).
But incubation in the presence of rIL-17A cytokine did not
cause a significantly increased expression level of VEGFR1
and VEGFR2 in HUVECs (Fig. 7d, e). CCK-8 assays were
performed at 24, 48 and 72 hr to test endothelial prolifera-
tion, and the results showed that supernatant of 50 and
100 ng/ml rIL-17A-treated RAW264.7 macrophages stimu-
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Figure 4. Macrophage polarization shift in the retinas of the interleukin-17A-deficient (IL-17A™'") mice with retinopathy of prematurity (ROP)
mouse model and wild-type (WT) ROP controls. WT and IL-17A’~ mice were subjected to the ROP mouse model. At postnatal day 13 (P13),
P15, P18 and P21, the retinas were digested with papain and all cells were sorted by incubation with CD11b beads before staining with F4/80,
CD11c and CD206. The cells were identified as M1 or M2 macrophages with F4/80" CD11c" or F4/80" CD206", respectively. Representative pan-
els of flow cytometry (a, b). (c, d) Cell distribution patterns of F4/80" CD11c" and F4/80" CD206" cells. (¢) M1/M2 ratio of WT (pink) and IL-
17A™"" mice (dark blue). Data were analysed using the FLowjo software. Statistical difference was shown using a non-parametric Mann-Whitney
test. Experiments were repeated three times. Bars represent mean + SEM (*P < 0-05) (n = 3 mice/group).

lated HUVEC proliferation significantly at these observa-
tion time-points (Fig. 7c). However, rIL-17A cytokine did
not induce significantly high proliferation of HUVECs.

Tube formation assays (Fig. 7f) suggested that 50 ng/ml
rIL-17A-treated RAW264.7 supernatant and 50 ng/ml rIL-
17A cytokine stimulated similar levels of endothelial cell

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428 423
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Figure 5. Immunoblot analysis of AKT/p-AKT, extracellular signal-regulated kinase (ERK)/p-ERK, Jun N-terminal kinase (JNK)/p-JNK, and
Notchl protein expression in RAW264.7 cells. RAW264.7 cells were treated with different concentrations of recombinant interleukin-17A (rIL-
17A; 0, 10, 50 and 100 ng/ml) for 24 hr. Equal amounts of whole-cell lysate were subjected to SDS-PAGE and Western blotting to detect levels
of phosphorylated (p) AKT and total AKT, p-ERK1/2 and total ERK1/2, p-JNK and JNK, and Notchl. Levels of f-actin were considered as
endogenous control. Representative Western blots (a). Quantification of AKT, ERK1/2, JNK phosphorylation, and Notchl expression levels in
RAW264.7 in response to 0, 10, 50 and 100 ng/ml rIL-17A are shown, respectively. Data are expressed as mean = SEM from three independent
experiments (b—f, *P < 0-05, **P < 0-01). Statistical analysis was performed by the Student-Newman—Keuls method for multiple comparisons.

tube formation (Fig. 7g-k). Considering the aforemen-
tioned tested protein levels, the results showed that IL-17A
might stimulate macrophages to pro-angiogenic status so
as to promote endothelial proliferation.

Discussion

The function of IL-17A covers a wide range of biological
activities and is well known to participate in various
inflammatory reactions.”® >* Roles of IL-17A in angiogen-
esis have also been reported in tumour studies. Research
has shown that IL-17A expression increased in 58% of
prostate cancer,”® and a higher percentage of Th17 cells
in blood correlated to poorer outcome.”* Meng et al.*
demonstrated that over-expression of IL-17 in tumour-
associated macrophage correlated with the differentiation
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and angiogenesis of laryngeal squamous cell carcinoma.
Studies by Suryawanshi et al. found that corneal herpes
simplex virus infection results in IL-17A production,
which participates in corneal NV.** Animals lacking
responses to IL-17A signalling, either because of IL-17
receptor A knockout or WT animals receiving NAb to IL-
17A, had diminished corneal NV compared with con-
trols.*® As IL-17 participates in both inflammation and
angiogenesis, which are essential pathological processes in
NV eye diseases, this study investigated the potential role
of IL-17A in modulating ocular NV with the application
of several animal models. This study demonstrated an
increased expression of IL-17A during the pathological
process and indicated a promotive role of rIL-17A in NV.
These results confirmed the present notion that IL-17A
plays a stimulative role in ocular angiogenesis.

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428



This study next explored the counteraction of IL-17A
with potential inflammatory and angiogenic cytokines
involved in ocular NV. The results showed that pro-
inflammatory cytokines were significantly reduced in IL-
17A~'~ mice with ROP compared with WT controls, but
M2-associated cytokines such as IL-10 and M2 macro-
phage marker CD206 increased significantly in IL-17A~'~
mice with ROP. These findings directed the efforts to
understanding the potential angiogenic effects of IL-17A
on the polarization shift of macrophages. Therefore,
macrophage polarization by flow cytometry was investi-
gated. The results indicated a macrophage polarization
shift to M2 phenotype in IL-17A~’~ mice under hypoxic
retinopathy. To further validate the effects of IL-17A on
macrophages, in vitro assays were performed in the pres-
ence of different concentrations of rIL-17A. The results
were consistent with the present in vivo study, indicating
a polarization shift toward M1 phenotype in macro-
phages cultured in high concentrations of rIL-17A. As is
well accepted, M1 macrophages produce high levels of
pro-inflammatory cytokines such as TNF-«, IL-1f, IL-6
and reactive oxygen species but low levels of anti-inflam-
matory cytokines such as IL-10. M2 macrophages pro-
duce high levels of IL-10 and increased expression of
mannose and galactose receptors.”’” Investigations of sub-
retinal fluid analysis of patients with advanced ROP by
Jie et al. showed significantly high expression of such
pro-inflammatory cytokines as interferon-y, IL-4, IL-6,
IL-8, IL-12p70, TNF-0, G-CSF, and GM-CSF compared
with that of acute retinal detachment within 48 hr. In
vitro assays for capillary formation and endothelial prolif-
eration showed that sub-retinal fluid from ROP induced
robust support for these cellular processes. Furthermore,
retrolental membranes bluntly dissected from patients
with advanced ROP displayed overwhelming M1 macro-
phages compared with M2 macrophages, clearly demon-
strating that the retinal microenvironment of ROP is
pro-angiogenic and pro-inflammatory.* Although there
have been several polarization types of macrophage pop-
ulations reported with different expression and produc-
tion profiles according to the stimuli, cytokines like
MHC 1II, IL-6 and TNF-o that are characteristically
highly expressed in M2b macrophages are also produced
by M1 macrophages. But actually, macrophages usually
do not form a stable subtype in response to a combina-
tion of factors present in the tissue.”®* As a result, it is
preferable that signatures of macrophage subtypes may
not exclude one another but display an overlapping
effect. Based on the data presented and the functional
profiles of M1 and M2 macrophages introduced by
Haruaki Tomioka et al.,** the study believed that IL-17A
neutralization alleviated inflammation and facilitated tis-
sue repair in ocular NV by modulating macrophage
polarization toward the M2 phenotype and reduced
expression of VEGF from M1 macrophages.

© 2015 John Wiley & Sons Ltd, Immunology, 147, 414-428
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However, NV is the proliferation of endothelial cells
from pre-existing vessels. The study then investigated
whether IL-17A interfering macrophages would modulate
endothelial cells. The study detected elevated concentra-
tions of pro-angiogenic VEGF and NO in high concentra-
tions of rIL-17A-treated supernatants in addition to
increased pro-inflammatory cytokines (such as GM-CSF,
IL-2, KC, IL-5, IL-9 and RANTES). Furthermore, investi-
gations on HUVECs cultured in medium containing rIL-
17A° cytokines and  rIL-17A-treated  macrophage
supernatant suggested an indirect effect of IL-17A on
endothelial cells that might orchestrate with macrophages
to modulate ocular NV.

As VEGEF is a pivotal cytokine modulating angiogene-
sis, the study also explored the interaction of IL-17A
and VEGF applying two VEGF over-expressed animal
models, rho/VEGF transgenic mice and Tet/opsin/VEGF
double-transgenic mice. As shown in the results, these
findings suggested that IL-17A might be an upstream
cytokine that modulated ocular NV through the VEGF
pathway.

The remarkable plasticity of macrophages has made it
an interesting target in immunomodulation in inflamma-
tion and tissue regeneration. Research supported the view
that controlled recruitment of appropriate phenotypes of
macrophages promoted functional recovery in tissue
inflammation and remodelling.’® The present study
demonstrated that IL-17A neutralization alleviated ocular
NV through a polarization shift toward the M2 pheno-
type and reduced VEGF expression from MI1 macro-
phages. Other research suggested that M2 macrophages
secreted endothelial cell growth and angiogenic factors
such as VEGF and CXCL1 and were considered to pro-
mote wound repair and NV.***' Studies by Richards
et al.** also demonstrated that IL-19 accelerated revascu-
larization in ischaemic hind limbs by polarization of
macrophages to M2 together with the induction of VEGF
expression in these cells.

The limitation of this study involved the potential
mechanisms by which transcription accounted for macro-
phage polarization and how the subsequent cytokines
were modulated when macrophages were polarized. Also,
further studies are needed to definitively determine the
extent to which IL-17A neutralizing anti-angiogenic activ-
ity depends on macrophage modulation compared with
anti-VEGF treatment.

To conclude, the present study implicated for the first
time that IL-17A neutralization alleviated ocular NV by
promoting the macrophage polarization shift towards the
M2 phenotype and reducing VEGF expression from M1
macrophages, whereas rIL-17A administration increased
ocular NV by stimulating M1 polarization and endothelial
cell proliferation and tube formation triggered by
increased expression of VEGF from MI1. The present
study revealed an indirect effect of IL-17A on NV
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through macrophage polarization modulation, indicating shed light on the therapeutic potential for this cytokine
that IL-17A might play a paracrine role in endothelial in treating NV eye diseases in addition to anti-VEGF
cell-macrophage crosstalk in angiogenesis. This would therapy.
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Figure 6. Messenger RNA and protein expression levels of recombinant interleukin-17A (rIL-17A) -treated RAW264.7 macrophages and super-
natant. RAW264.7 macrophages were treated with different concentrations of rIL-17A for 24 hr. Cell lysate and cytokine concentrations in the
culture medium were detected. The mRNA expression of inducible nitric oxide synthase (iNOS), tumour necrosis factor-o. (TNF-o), IL-10 and
CD206 were detected by real-time RT-PCR using the AACT method and endogenously normalized to cyclophilin A (a—d) (Student-Newman—
Keuls method). Protein levels of granulocyte-macrophage colony-stimulating factor (GM-CSF) (e), IL-2 (f), keratinocyte-derived chemokine
(KC) (g), IL-5 (h), IL-9 (i), regulated upon activation normal T-cell expressed and secreted (RANTES) (j), and vascular endothelial growth factor
(VEGF) (k) were detected by the Quantibody Cytokine Array Kit. The 0 ng/ml rIL-17A-treated groups served as controls (Student’s t-test). NO
concentration in supernatant was determined by measuring the accumulation of nitrite using Griess reagent (1) (Student-Newman—Keuls
method). The values represented mean + SD of three independent experiments (n = 5/group, *P < 0-05, **P < 0-01).
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Figure 7. Vascular endothelial growth factor receptor 1 (VEGFR1) and VEGFR2 mRNA expression, cell proliferation, and tube formation of
human umbilical vascular endothelial cells (HUVECs) incubated in the culture medium or culture supernatants of recombinant interleukin-17A
(rIL-17A) -treated RAW264.7 macrophages. VEGFR1 and VEGFR2 mRNA expression in HUVECs was up-regulated after incubation in super-
natants of RAW264.7 cells treated with rIL-17A (a and b). VEGFR1 and VEGFR2 mRNA expression levels in HUVECs cultured in media con-
taining different concentrations of rIL-17A cytokine (d and e). CCK-8 assays showed different proliferative effects of rIL-17A-treated RAW264.7
cell supernatant on HUVECs for 24, 48 and 72 hr, respectively (c and f). Tube formation assays were taken in HUVECs in the presence of
50 ng/ml rIL-17A cytokine (h) and rIL-17A-treated RAW264.7 cell supernatant (i). PBS (g) and 10-ng/ml VEGF (j) served as controls. Data pre-
sented demonstrate mean number of tubes in each treatment group (k). Each condition was performed in triplicate and the experiments were

repeated three times. Bars represented mean + SEM (n = 3/group, *P < 0-05, **P < 0-01). Statistical analysis was followed with the Student—
Newman—Keuls method.
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