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Abstract

e AIM: To solidify the involvement of Saa -related

pathway in corneal neovascularization (CorNV). The
pathogenesis of inflammatory CorNV is not fully
understood yet, and our previous study implicated that
serum amyloid A (S27) 1 (S237) and Sz23 were among
the genes up-regulated upon CorNV induction in mice.

e METHODS: Microarray data obtained during our

profiling project on CorNV were analyzed for the genes
encoding the four SAA family members (Sz77-4), six
reported SAA receptors (formyl peptide receptor 2, 7772
T4, Cd36 Scarb?, P2rx7 ) and seven matrix
metallopeptidases (Mmp ) 73 76, 2 3 9 70 713
reportedly to be expressed upon SAA pathway activation.
The baseline expression or changes of interested genes
were further confirmed in animals with CorNV using
molecular or histological methods. CorNV was induced in
Balb/c and C57BL/6 mice by placing either three
interrupted 10-0 sutures or a 2 mm filter paper soaked
with sodium hydroxide in the central area of the cornea.
At desired time points, the corneas were harvested for
histology examination or for extraction of mRNA and
protein. The mRNA levels of Szz7, Saa3 For3 Mmp2
and #mp3 in corneas were detected using quantitative
reverse transcription-PCR, and SAA3 protein in tissues
detected using immunohistochemistry or western
blotting.

e RESULTS: Microarray data analysis revealed that Sz27,

Saa3, Fprd Mmps2 Mmp3 messengers were readily
detected in normal corneas and significantly up -
regulated upon CorNV induction. The changes of these
five genes were confirmed with real-time PCR assay. On

the contrary, other SAA members (S222 Saa4 ), other
SAA receptors (7772 7/r4, Cd36 P2rx7 elc), or other
Mimps (Mimp7a, Mmplb, Mmps, Mmp70, Mmp13 ) did not
show consistent changes. Immunohistochemistry study
and western blotting further confirmed the expression of
SAA3 products in normal corneas as well as their up -
regulation in corneas with CorNV.

e CONCLUSION: SAA-FPR2 pathway composing genes
were expressed in normal murine corneas and, upon
inflammatory stimuli challenge to the corneas, their
expressions were up-regulated, suggesting their roles in
pathogenesis of CorNV. The potential usefulness of
SAA -FPR2 targets in future management of CorNV -
related diseases deserves investigation.
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INTRODUCTION

eovascularization occurs in response to injury of
N tissues, supposedly to favor reconstruction of the
structure of the affected tissues. When neovascularization
develops in the naturally vessel-deficient tissues or organs
like comea and cartilage, however, it may destroy the
structures or functions of the tissues instead, -either
temporarily or permanently. Specifically, growth of vessels
from limbal vascular plexus into the cornea blurs the light
path needed for a good vision or biologically alters the
refractory characteristics of the corneas. Often encountered
insults that induce corneal neovascularization (CorNV)
include hypoxia, burn, ischemia, infection, trauma, or even
therapeutic operation ™. Transient or mild CorNV might
reverse when initial insults are removed, but lasting or
serious CorNV causes heavy vision loss or blindness .
Among all pathological processes started by above etiology
factors, inflammation is dominant®®, Hence many studies are
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carried out using experimental CorNV in animals to dissect
the interactions between inflammation and neovascularization.
In a serial study addressing the molecular pathogenesis of
experimental murine CorNV initiated by inflammatory
stimuli, we used microarray strategy to monitor the
transcriptome changes during the development of CorNV ™.
Through that project, we made some novel findings like that
nonenzymatic crystallins are expressed at high level in
normal corneas and might contribute to the maintenance or
restoration of transparency of corneas ™. Here we report
that, after mining of the microarray data, another family that
is closely related with inflammation, namely serum amyloid
A (SAA), might be of potential interest in the pathogenesis
of neovascularization. Specifically, two members of SAA
family, namely .$zz/ and Saa3, and one of their receptor
formyl peptide receptor 2 ( Zz72, also known as /Zpr//), were
up-regulated in the CorNV context . In fact, as one of the
main acute phase reactant families, SAA family members are
involved in many pathological process and diseases like
tumor " infection "' autoimmunity " cardiovascular
diseases ), es: So far, reported receptors for SAA in
various cells or tissues include FPR2 or its like!"”, CD36 or
its like %1 TLR2 P"or TLR4 ™ and purinergic receptor
P2X, ligand-gated ion channel, 7 (P2RX7, also known as
P2X7 receptor)®. In one of downstream pathways following
coupling of SAA will their receptor (s), production of matrix
metalloproteinases (MMPs) is among the main outcomes!*'%,
While MMPs have been often associated with various
corneal pathological processes, the precedent SAA-FPR
signal pathway has not been addressed before in any
cornea-related processes™ .. Thus this study was performed
to confirm the involvement of SAA in cornea physiology and
CorNV.

MATERIALS AND METHODS

Animal Model The general design and procedure of the
experiments were described elsewhere ™. In brief, inbred
Balb/c and C57BL/6 mice,
purchased from Chinese Academy of Medical Sciences
(Beijing, China) and used following the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research

female, 6-8wk old were

and the institutional guideline. Mice were anesthetized with
intraperitoneal chlorpromazine and ketamine plus topical
application of Benoxil (Santen, Osaka, Japan). For
suture-induced CorNV (S-CorNV), three interrupted stitches
of 10-0 polypropylene suture (MANI Inc., Togichi, Japan)
were placed at about 1 mm from the corneal apex. For
induction of chemical burn-induced CorNV (CB-CorNV), a
2 mm paper filter soaked with 1.5 pL 1 mol/L NaOH was
laid on central corneas for 40s, follow which the eye and the
conjunctival sacs were rinsed with saline buffer. The
sacrificed eyes were checked daily using a slit lamp to
monitor the growth of blood vessels into the cornea. For all
188

experiments, only one eye of each mouse was used for
CorNV induction and the other eye was reserved as control.
Pilot studies showed that new vessels grew most fast at day 5
(DS) in S-CorNV model and D6 in CB-CorNV, and reached
maximum length around D10 in S-CorNV and D14 in
CB-CorNV.

Microarray Data Retrieval and Analysis The previous
project concerning microarray profiling of experimental
CorNV has been described and the data are deposited in the
public Gene Expression Omnibus (GEO) of National Center
for Biotechnology Information with an accession number
GSE23347%9, In that study, totally twelve microarrays were
used to track the gene expression change at different time
points in different CorNV models, namely D5 or D10 after
S-CorNV induction (in Balb/c mice), and D6 or D14 after
CB-CorNV induction (in Balb/c and C57BL/6 mice). In
current study, the normalized data of the genes related with
SAA pathways were retrieved from the dataset and their
expression levels or change folds in CorNV models were
analyzed. These include genes encoding for another acute
phase protein (C-reactive protein, CRP), four members of
SAA family, six reported receptors for SAA, and seven
MMPs (Table 1). Promising genes were subjected to further
investigation by experimental studies.

Real Time—PCR Assay At chosen time points, the corneas
were excised using a 2 mm trephine and placed in ice-cold
TRIzol reagent (Invitrogen, Gaithersburg, MD, USA) and
total RNA was extracted using isopropanol precipitation,
followed by purification with NucleoSpin RNA clean-up
(MACHEREY-NAGEL, Diiren, Germany). RNA
from 3 corneas was pooled to yield one RNA sample, and

columns

three samples were included per group. One microgram total
RNA from each pool was reverse transcribed into cDNA
using a PrimeScript RT Reagent Kit [TaKaRa Biotechnology
(Dalian) Co., Ltd, Dalian, China] following the instruction of
the manufacturer. The expression levels of interested genes
were detected using real time (RT)-PCR with the TagMan
probes and primers (Table 2). In brief, amplification for each
sample was performed in triplicate in an ABI 7500 Detection
System (Applied Biosystems, Foster City, CA, USA) and the
amplification protocol comprised an initial 10min incubation
at 95°C followed by 50 cycles of 15s at 95°C and 1min at
60°C. The data were analyzed using accompanying software
and threshold cycle (Ct) values were obtained. The average
of three duplicates was used to calculate the relative Ct
against reference gene RplS (dCt=Ctg.,~Ctyys) for each
sample. Then the average dCt for the three samples in
control groups were used to calculate the ddCt of each
CorNV (ddCt=dCtcoav-dCtera). The
expression folds of genes in the CorNV samples were
calculated as 1/24,

samples relative
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Table 1 Summary of the genes associated with Saa and possibly involved in CorNV

Gene

symbol Gene ID Gene description Brief notes of interest References
Crp NM_007768 C-reactive protein, pentraxin- Another aCI.lte-phase protein often accompanying thus 27-29
related compared with Saa
Saal NM_009117  Serum amyloid A1l Main isoforms of inducible Saa, expressed in liver upon 30-33
Saa?2 NM 011314  Serum amyloid A2 inflammation, stress, neoplasia, etc
Saa3 NM 011315 Serum amyloid A3 Induced in multiple pon—hver tissues in non-human 34-37
mammals. Human Saa3 is a pseudogene
Saa4 NM 011316  Serum amyloid A4 Constitutively expressed in liver as minor apolipoproteins 38, 39
Fpr2 NM 008039  Formyl peptide receptor 2 Most studied receptor of Saa, orthologue of human FprL1 40, 41
Cd36 NM 007643  Cd36 antigen, transcript variant 2 Synonym=platelet glycoprotein IV, Scarb3 18-20
Scavenger receptor class B, Synonym=Cd36-like 1, SR-BI, Cla-1. Binding by Saa 18, 20,42,
Scarbl NM_016741 member 1, transcript variant 1 blocks functions of other Scarbl ligands 43
Tlr2 NM_011905  Toll-like receptor 2 TLR-bound Saa acts like adjuvant and activates mainly 21, 44, 45
Tlr4 NM 021297  Toll-like receptor 4 monocytes 22, 46-48
Purinergic receptor P2X, . .
P2rx7 NM 011027  ligand-gated ion channel, 7, .By coupling  P2X7R,  SAA  activates  NLRP3 23, 49
: . inflammasome pathway
transcript variant 1
Mmpla NM_032006  Matrix metallopeptidase la 13, 48. 50.51
Mmplb NM 032007  Matrix metallopeptidase 1b T
Mmp2  NM_008610  Matrix metallopeptidase 2 Saa reportedly induces secretion of different Mmps from 2 l» 52
Mmp3 NM 010809  Matrix metallopeptidase 3 various cells or tissues, which in turn degrade Saa or other 13,48, 51,52
Mmp9  NM_013599  Matrix metallopeptidase 9 matrix components 16, 51
Mmpl0 NM_019471  Matrix metallopeptidase 10 53
Mmpl3 NM_008607  Matrix metallopeptidase 10 48, 51

Table 2 Primers and probes for the genes detected in this study

Gene

Oligo

Sequences Amplicon (bp)

Saal

Saa3

Fpr2

Mmp2

Mmp3

Rpl5

F GAGTCTGGGCTGCTGAGAA
TGGTGTCCTCATGTCCTCTG
FAM-TTCCTGAAAGGCCTCTCTTCCATCA-TAMRA
CTGGGCTGCTAAAGTCATCA
TGAGTCCTCTGCTCCATGTC
FAM-TGAACAGCCTCTCTGGCATCGC-TAMRA
TTACAGCAGTTGTGGCTTCC
TAAACCAGACTGTGCCCAAA
FAM-TTTCCCTTTCAGCTTGTGGCCC-TAMRA
CTGGGAGCATGGAGATGGATA
AAGTGAGAATCTCCCCCAACA
FAM-ACATGCCTTTGCCCCGGGCA-TAMRA
GGAGATGCTCACTTTGACGA
TGAGCAGCAACCAGGAATAG

GGAAGCACATCATGGGTCAGA
TACGCATCTTCATCTTCCTCCATT
FAM-TGTGGCAGACTACATGCGCTACC-TAMRA

- A M w & m™m Y &A™ X ™ X T T X

FAM-TGACATCCTCTGTCCATCGTATCGTTCATCA-TAMRA

78

73

717

96

78

70

Western Blotting At desired time points after CorNV
induction, corneas were harvested as above and three
corneas were pooled as one sample. Total proteins were
extracted using RIPA lysis buffer (50 mmol/L Tris pH 7.4,
150 mmol/L NaCl, 1% Triton X-100, 1%
deoxycholate, 1% sodium dodecyl

sodium
sulfate, sodium
orthovanadate, and sodium fluoride; Beyotime, Shanghai,
China) as suggested by the manufacturer. Samples were

quantified using bicinchoninic acid (BCA) method and

50 g of proteins was resolved on 12% SDS-PAGE gels for
1.5 h at 120 V and then transferred to nitrocellulose
membranes (Millipore, Billerica, MA, USA). The blots were
soaked for blocking in 5% nonfat dry milk in Tris-Buffered
Sabline with Tween 20 (TBST buffer) for 1h, incubated with
polyclonal rabbit anti-SAA (sc-20651, recognizing SAAI
and SAA2 of human but only SAA3 of mouse. Santa Cruz
Biotechnology, Santa Cruz, CA, USA) or anti-GAPDH
(KC-5G5; KangChen Biotech, Shanghai, China) antibodies
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Table 3 Expression of Saa-Fpr2-Mmps in murine CorNV measured by microarray®
S-CorNV (Balb/c) CB-CorNV (Balb/c)

CB-CorNV (C57BL/6)

Gene symbol
D5 (n=3) D10 (n=2) D6 (n=3) D14 (n=2) D6 (n=2)

Saal 27.71£12.37 12.19+5.18 9.47£1.08 13.34+1.13
Saa3 85.59+9.77 91.93+101.65 35.14+3.70 13.73+£14.00 28.43+£5.48
Fpr2 26.28+15.33 26.33+£2.52 16.59+6.13 23.57+0.66
Tir2 5.81+0.14
Mmp2 5.20+3.98 7.26+2.02 3.86+0.73 4.21+0.36

Mmp3 25.20+5.84 24.78+0.97 50.79+21.63 17.39+4.74 33.73+8.59
Mmpl0 22.08+4.35
Mmpl13 40.86+38.30 25.39+6.81 59.37+41.41

The results presented in this table were summarized from our data that had been deposited in GEO*). Data of Saal, Saa3 and
Fpr2 on D5 of S-CorNV and D6 of CB-CorNV were previously reported elsewhere, but listed here for better comparison™!.
Numbers in brackets denote the number of arrays for that group in original experiments.

Table 4 Relative expression levels of genes in murine CorNV as detected by RT-PCR

S-CorNV (Balb/c) CB-CorNV(Balb/c) CB-CorNV(C57BL/6)

Gene

symbol D5 D10 D6 D14 D6 D14
Saal 23.2+2.2% 9.0+1.7 8.2+1.2 5.6+0.7 7.9+1.4 13.6+2.1
Saa3 1643.7+209.8 176.8+45.3 365.9+£91.5 68.2+12.4 26.7+2.9 358.5+31.0
Fpr2 65.5+2.8 77.0+£3.0 24.6+2.2 18.2+0.2 1.3+0.3° 5.4+0.5
Mmp?2 59.3+3.1 106.5£1.6 23.5+0.9 58.2+6.5 4.2+0.7 4.5+0.2
Mmp3 1255.1+73.0 2139.9+58.3 316.3£73.0 490.3+50.3 685.8+66.1 1821.1£161.6

*Folds, averagetstandard error of three samples in each experimental group. In the rationale described in the methods, the
expression level of each gene normalized against Rp/5 in untreated corneas was set at 1. Experiments were performed twice
with similar conclusions. "This number, and only this number, is much below the fold change (23.57+0.66, refer to Table 3)

observed in microarray analysis under same condition.

in TBST for 1h, followed by incubation with horse-radish
peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody
(MAXIM BIO, Fuzhou, China) for 1h. All incubations were
done at room temperature, and three washes with 10 mL
step. The
membranes were then developed with SuperSignal West

TBST buffer were applied between each

Femto Maximum Sensitivity substrate (Pierce
Biotechnology, Rockford, IL, USA) and exposed to X-ray
film (Kodak, Rochester, NY, USA). The bands were
analyzed using NIH Image 1.62 software (NIH, Bethesda,
MD, USA). For each sample, the levels of SAA3 were
normalized to that of GAPDH.
Immunohistochemistry As desired times, enucleated
eyeballs were embedded in a paraffin block and subjected to
routine immunohistochemistry. Three animals were used in
each group and serial sections were prepared to ensure high
anti-SAA  in

combination with HRP-conjugated goat anti-rabbit IgG

quality of staining results. Polyclonal
antibody as mentioned above was used. After developing
with 3,3'-diaminobenzidine, the sections were counterstained
with hematoxylin. All sections were observed using an E800
microscope (Nikon, Tokyo, Japan) with appropriate digital
camera.

Statistical Analysis Wherever statistical analysis was
appropriate, Student's 7 -test was performed, and 2~<0.05

was considered significant for difference.
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RESULTS

In a previous paper based on our microarray profiling
projects performed on S- and CB-CorNV models in mice,
Saz/, Sa27 and FprZ were listed among the up-regulated
genes at DS in CorNV and D6 in CB-CorNV, but not any

. Now,

discussion on these three genes was attempted
extending of vision to other time points and to other related
genes demonstrated that these three genes as well as AZzp2,
Mmp3, Mmpl3 were significantly up-regulated in the
inflammatory CorNV models in both mice strains at one or
more time points (Table 3). On the contrary, 7Z%2 and
Mmp/Owere detectable only in C57BL/6 mice, while (zz,
Saz2, Saad, Tld, Ca36, Scarbl, Px7, Mmpla, Muplb,
Mmp?9 were not consistently detectable in any conditions
studied here. Following this data mining step, the five genes
with highest detection rates, namely the two SAA members
( S22/, Sa27), one receptor (/272) and two respondents
(Mmp2, Mmp3 ), were further detected with RT-PCR
methodology. Except for /772 data at D6 in CB-CorNV in
C57BL/6 mice, all other changes recorded in microarray
were confirmed by RT-PCR (Table 4). When the animal
strain was taken into consideration, it is noteworthy that
beside the change folds, the baseline expression level of Zzz2
was also significantly different between Balb/c and C57BL/6
mice (Figure 1), again alerting us of the genetic dependence
of any pathological processes like CorNV. Furthermore,
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Figure 1 Expression levels of 8227, S227and Zpz2in murine

mRNA Level
(relative to Rpl5)

corneas The relative mRNA intensities of genes were obtained by
real-time PCR assay, #721/2%, where dCt=Ctgp-Ctrys. Each sample
was run in triplicate in PCR reaction, and the error bars represented
standard errors for three samples in each group. Shown was one of
two experiments with similar results. */2<0.05 between Balb/c and
C57BL/6 strains.

expression of SAA3 in either normal or vascularized corneas
was also detectable at protein level, as illustrated in the
(Figure 2).
Confirmation of other gene products in cornea and their

immunohistochemistry and western blot assays

change were not attempted.

DISCUSSION

Though simple and straightforward, the findings reported
here are not of less significance. First, like other acute-phase
proteins, SAA is mainly produced by hepatocytes though
many other tissues reportedly express SAA to various
abundance*, To the best of our knowledge, this is the first
study to show that .Szz genes and their receptor Az are
expressed in corneas, thus expanding our knowledge about
the distribution and functions of this pair of players. In
specific, cornea is avascular and immune-privileged hence
deserves a protective system that would respond quickly and
efficiently to either acute or chronic inflammation caused by
exogenous insults like trauma or infective. Existence of Saa
mRNA and protein product makes SAA perfect candidates
of such protective component. Contrary to $zz however, the
other main acute phase protein, namely CZp , was
undetectable by microarray assay in our study system,

implying differential involvement of these two classes of
acute phase proteins in corneal physiopathology, just like

noted in other conditions™.

As with the possible SAA receptors that cooperate with

SAA1 or SAA3 in CorNV, FPR2 was the only one that

manifested significant mRNA changes at all detected time

points of CorNV in both strains, and TIr2 only in C57BL/6

mice (Tables 3, 4), while (&6, Scarb/. 744 and Prx/
were not detectable in any conditions. Actually we also

looked at several other receptors ( ez Fprl, Fpr-rsl, Fpr-rs3,

Fpr-rs4, Fpr3) that shown sequence homology and functional

similarity with FPR2, and found that none of them

manifested detectable expression in the detected samples,

leaving FPR2 as the only candidate receptor for SAA1/SAA3

A Untreated

Days of CorNV

CB-CorNV'™
C57BL/6 &

CB-CorNV
Babl/c
S-CorNV
Balb/c
B ) | , )
Untreated Days of CorNV Negative
CB-COI‘NV‘ = mi‘""“"‘""’,’*&t Dlg e B
C57BL/6 : s
CB-CorNV ——
Babl/c m»‘-‘mm ;,,_f )
S-CorNV & SR . BB
Balb/c
C 1.00 2.11£0.20% 1.2340.18
-— S W SAA3
S-CorNV

Balb/c
- -
D5 D10

Untreated Days of CorNV

Figure 2 Clinical manifestation of inflammatory corneal
neovascularization and SAA3 expression in the corneas A: To
compare the potential effect of animal strain or inflammatory
stimuli on the expression pattern of SAA3, Balb/c and C57BL/6
mice were subjected to S-CorNV or CB-CorNV respectively; B: At
desired  time  points, eyeballs  were  harvested  for
immunohistochemistry. Three corneas were included in each group,
and shown were images from representative tissues; C: Corneas
were harvested for protein extraction and western blotting. Intensity
of GAPDH in untreated corneas was arbitrarily set at 1.00, and that
of CorNV corneas was compared to untreated corneas. Experiments
were performed three times with similar results. Numbers above the
SAA3 bands

independent experiments, respectively, and */ <0.05 vs untreated

(mean *standard error) were obtained from three

control.

in the corneas. Taking a step further, once FPR2 are to be
activated, MMP2 and MMP3 are likely among the effector
molecules produced in the studied CorNV context. In
another word, though MMP2/MMP3 were also possibly
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induced by other inflammatory mediators rzzother pathways,
the SAA-FPR2-MMP pathway reportedly to function in other
environments might as well function in cornea inflammation*2,
Considering that CorNV is one of the faithful angiogenesis
or neovascularization models, and that evidence are coming
up to show that SAA stimulate angiogenesis rzz direct
action on vascular endothelial cells, we propose that
therapies or protocols targeting SAA, FPR2 or MMP should
be tested for their potency in managing inflammation or
This
strategy is in line with, thus supported by, a dozen of patents

resultant neovascularization-related diseases 35,

that target SAA for novel treatments of inflammation-derived
diseases in either human or animals *”. To address the
contribution of SAA-FPR2-MMP pathway to the overall
CorNV pathogenesis, more experimental studies, such as
using Fpr2-deficient mice, are required to check whether
interfering SAA-FPR2-MMP pathway helps to prevent or
cure inflammatory CorNV or other related diseases.
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