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Abstract

e AIM: To investigate the regulation and mechanisms of
periostin expression in retinal Miiller glia, and to explore
the relevance to retinal neovascularization.
e METHODS: The oxygen-induced retinopathy (OIR)
mouse model and the human Moorfield/Institute of
Ophthalmology-Miiller 1 (MIO-M1) cell line were used in
the study. Immunofluorescence staining was used to
determine the distribution and expression of periostin
and a Miiller glial cell marker glutamine synthetase (GS).
Cytokines TNF-a and IFN-y were added to stimulate the
MIO-M1 cells. ShRNA was used to knockdown periostin
expression in MIO-M1 cells. Quantitative real-time reverse
transcription polymerase chain reaction (QRT-PCR) was
conducted to assess the mRNA expression of periostin.
e RESULTS: Immunofluorescence staining showed that
periostin was expressed by MIO-M1 Miiller glia. GS-positive
Miiller glia and periostin increased in OIR retinas, and
were partially overlaid. The stimulation of TNF-a and IFN-y
reduced the mRNA expression of periostin significantly and
dose-dependently in MIO-M1 cells. Knockdown of periostin
reduced mRNA expression of vascular endothelial growth
factor A (VEGFA) in MIO-M1 cells, while VEGFA expression
was not changed in periostin knock-out OIR retinas.
e CONCLUSION: Miiller glia could be one of the main
sources of periostin in the retina, and might contribute to
212

the pathogenesis of retinal neovascularization. Proinflammatory
cytokines TNF-a and IFN-y attenuate the periostin
expression in retinal Miiller glia, which provides a potential
and novel method in treating retinal neovascular diseases.
o KEYWORDS: TNF-a; IFN-y; periostin; Miiller glia; retinal
neovascularization
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INTRODUCTION

etinal neovascular diseases induced by hypoxia, such
R as proliferative diabetic retinopathy (PDR), retinopathy
of prematurity (ROP) and retinal vein occlusion, often cause
severe vision impairment worldwide'". Thus, targeting
pathological retinal neovascularization can be a major
therapeutic strategy for treating these disorders. It has been
clarified that anti-vascular endothelial growth factor (VEGF)
treatment is effective to inhibit retinal neovascularization,
and has been widely used in clinical applications in the eye!™.
However, anti-VEGF therapies were weakly responsive in
some patients and might cause many complications”.
Macrophages can be polarized to M1/M2 phenotype by T
helper (Th) 1 cytokines and Th2 cytokines respectively'*®. We
recently reported that the role of macrophage M1/M2 polarization
in oxygen-induced retinopathy (OIR) mouse model”. The
polarization of macrophages, as well as macrophage-related
cytokines, could be considered as novel therapeutic targets to
treat retinal neovascularization'”. Therefore, it is necessary to
further clarify the molecular mechanism of the formation of
retinal neovascularization, this may lead to the identification
of the new target of blocking the formation of retinal
neovascularization safely and effectively.
Periostin, as a fasciclin family member, is a matricellular
protein with functions in cell motility through interacting
with integrins in the development as well as remodeling
of tissue™”. Recent studies showed that periostin plays
essential roles in proliferative vitreoretinal diseases"”. Periostin
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overexpressed in vitreous and fibrovascular membranes, and
had a strong positive correlation with M2 macrophages'*"”.
In an in vivo study, periostin highly expressed accompanied
with the pathogenesis of retinal neovascularization of OIR,
and the knockdown of periostin resulted in the blockade of
pathological neovascularization in vivo'™. It has been reported
that glioblastoma stem cells (GSC)-produced periostin recruits
M2 tumor-associated macrophages and enhances malignant
growth!"¥.

Moreover, it has been indicated that periostin plays a key
role in promoting chronic allergic inflammation in response
to Th2 cytokines"”. Interleukin (IL)-13, as a Th2 cytokine,
enhanced periostin production in macrophages, and human
retinal microvascular endothelial cells'""”). Th2 cytokines
IL-4 and IL-13 were demonstrated to play essential roles in
producing periostin in gingival fibroblasts and periodontal
ligament cells, whereas pro-inflammatory cytokine tumor
necrosis factor-alpha (TNF-a) inhibited periostin expressions
in these cells''”. Thus, Th2 cytokines and M2 polarization of
macrophages may be involved in periostin production, and
targeting periostin might be an efficient way in inhibiting
retinal neovascularization.

Miiller glia is a type of retinal glial cells, which is important

[17]

to the development of the retina' ~. Retinal Miiller cells are a

major source of many growth factors, such as VEGF and nerve

growth factor!"

. Periostin could be produced by other kinds of
glial cells, such as Schwann cells and astroglia'**”. However,
the relationship between periostin and Miiller glia still remains
unclear.

The purpose of this study was to investigate whether Miiller
glia are involved in the periostin production in retinal
neovascularization. The possible relevance between periostin
and VEGF were also discussed.

MATERIALS AND METHODS

Ethical Approval All experiments with animals were
conducted following the Association for Research in Vision
and Ophthalmology Statement for the Use of Animals in
Ophthalmic and Vision Research. The experimental procedures
have been approved by the Kyushu University Institutional
Animal Care and Use Committee.

Animals In the study, we used wild type C57BL/6J mice and
periostin knock-out (KO) mice for the animal experiments as
previously described'".

Oxygen-Induced Retinopathy Mouse Model The OIR
mouse model was induced as described”'*’. Briefly, we
exposed pups to 75% oxygen at postnatal day 7 (P7), and
returned them to room air at P12. Pups kept in room air
continuously were used as controls.

Culture of the Human Moorfield/Institute of Ophthalmology-
Miiller 1 Cell Line Cells The human Moorfield/Institute

of Ophthalmology-Miiller 1 (MIO-M1) cell line, which was
established and characterized previously in Limbs lab™, were
maintained with Dulbecco’s modified Eagle’s medium/nutrient
mixture F-12 (DMEM/F12) medium (Gibco, Grand Island,
NY, USA) in 5% CO, at 37°C. MIO-M1 cells suspensions
(started at 50 000 cells/3 mL/well) were seeded in 6 wells
plates, cultured in DMEM/F12 medium with 10% fetal bovine
serum (FBS) for attachment. After starvation in DMEM/F12
medium (serum-free) for 24h, the medium was replaced with
(or without) human recombinant TNF-a and interferon-gamma
(IFN-y; R&D System, Minneapolis, MN, USA) for 8h and/or
24h. Then the collected cells were examined for the mRNA
expressions.
Lentivirus Transduction for Gene Silencing of Periostin
Lentiviral vectors encoding shRNA against human periostin
or scrambled shRNA was designed and manufactured by
Obio Technology Co., Ltd (Shanghai, China). The target
sequences for human periostin-shRNA is 5’-GCACCAAAAAG
AAAUACUU-3’. The lentivirus infection was performed
according to the manufacturer’s instructions.
Quantitative Real-time Reverse Transcription Polymerase
Chain Reaction Total RNA of Miiller cells was extracted
using RNeasy Mini Kit (Qiagen, Redwood City, CA, USA)
and the total RNA from the homogenized retinas was extracted
using Trizol. After removing DNA traces using TURBO DNase
(Ambiom, Thermo Fisher Scientific, Waltham, MA, USA), the
concentrations of the RNAs were quantified by NanoVue plus
(Biochrom, Cambridge, UK), and complementary DNAs were
synthesized by a RevertAid® First Strand cDNA Synthesis
Kit (Thermo Scientific, Waltham, MA, USA). Quantitative
Real-time reverse transcription polymerase chain reaction
(qRT-PCR) was conducted and analyzed by Tagman Gene
Expression Master Mix with Tagman” gene expression assays
(Applied Biosystems, Foster City, CA, USA) in a StepOne"”
Real-time PCR System (Applied Biosystems). GAPDH
was used as the endogenous control for normalization. The
following assays were used in the study: Mm99999915 gl
(GAPDH), Mm00450111 _m1 (periostin), Mm01281449
ml (VEGFA), Hs02758991 g1 (GAPDH), Hs00900055 ml
(VEGFA), Hs01566750 _m1 (periostin).
Immunofluorescent Staining Cryostat sections were
prepared as described” with some modifications. In brief, the
eye sections (20 pm) were cut by a cryostat (Leica CM 1800,
Bannockburn, IL, USA). PBS with 0.1% Tween was used for
rinsing. Sections were blocked by 3% skim milk, and the cells
were blocked by 5% bovine serum albumin. After blocking, the
sections or cells were incubated with the primary antibodies
overnight at 4°C, and the secondary antibodies were used for
incubation on the next day. Then, the cryostat sections or the
cells were covered with aqueous mounting medium (Sigma-
Aldrich, St. Louis, MO, USA).
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Figure 1 Immunofluorescence staining revealed high expression of periostin and GS in the OIR retina, and periostin expressed

in MIO-M1 cells Double staining for GS (red) and periostin (green) in cryostat sections of OIR and room air control eyes at P17 (A).

Immunostaining of periostin in MIO-M1 cells (B). Hoechst 33342 and DAPI were used to counterstain the nuclei. Scale bars: 100 um.

The primary antibodies used for the study were: human/
mouse periostin antibodies (5 pg/mL, R&D System, MN,
USA) and anti-glutamine synthetase (GS) antibody (1:250
dilution, Abcam, Cambridge, MA, USA). Alexa Fluor 488 and
546 (1:100 dilution; Molecular Probes) were used as second
antibodies. Hoechst 33342 (1:1000 dilution, Molecular Probes)
was used to counterstain the nuclei. The stained sections
and cells were photographed by the fluorescent microscope
DMI4000B (Leica, Wetzlar, Germany).

Statistical Analysis The results in figures were presented
as means+SEMs. The statistical analyses were performed
by Student’s ¢ test or one-way ANOVA which followed by
Dunnett’s tests. A P-value of less than 0.05 was considered
significant. The statistical software JMP 10.0.2 (SAS Institute,
Cary, NC, USA) was used for all analyses.

RESULTS

Periostin Co-localized with Retinal Miiller Glia To determine
the involvement of Miiller glia in periostin production
during the development of retinal neovascularization, we
co-immunostained cryostat sections of OIR and room
air control with antibodies against GS-periostin at P17.
Immunofluorescence staining of the sections showed that both
periostin and Miiller glia marker GS were highly expressed
in the OIR retina compared to the room air control (Figure 1),
and periostin was partially overlayed with GS-positive Miiller
glia in retinal neovascularization. Moreover, periostin was
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immunostained in MIO-M1 cells, and the results showed that
periostin was expressed by Miiller glia in vitro (Figure 1B).
These results indicated that periostin might be produced by
retinal Miiller glia.

IFN-y and TNF-a Attenuate Periostin Expression in
MIO-M1 Cell Line To further investigate the mechanism of
periostin expression in retinal Miiller glia, we stimulate the
MIO-MI cell line with TNF-a and IFN-y, and qRT-PCR was
performed. The results showed that IFN-y inhibited periostin
expression at 24h after stimulation at the concentration of 2,
20, 200 ng/mL (Figure 2A, P<0.01). Moreover, TNF-a with
the concentration of 0.1, 1, 10 ng/mL attenuated periostin
expression at both time points of 8h and 24h after stimulation
(Figure 2B, P<0.01). The effects of both cytokines were dose-
dependent.

IFN-y and TNF-a Down-regulate the VEGFA mRNA Level
in MIO-M1 Cell Line To clarify whether IFN-y and TNF-a
affect the mRNA expression level of VEGFA in retinal Miiller
glia in vitro, we stimulated the MIO-M1 cell line with IFN-y
and TNF-a, and qRT-PCR was performed to examine the
mRNA expression of VEGFA. The results showed that both
IFN-y and TNF-a down-regulated the mRNA levels of VEGFA
in MIO-M1 cells (Figure 3A, 3B; P>0.05). After 8h stimulation
of IFN-y at the concentration of 2, 20, 200 ng/mL, the VEGFA
mRNA expression level decreased, and this change continued

until 24h after stimulation. However, another cytokine TNF-a
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Figure 2 IFN-y and TNF-o down-regulated periostin expression in Miiller glia in vitro Fold change in mRNA expression for periostin in

Miiller cells after stimulation with IFN-y and TNF-o by different concentrations, 2, 20, 200 ng/mL for IFN-y (A) and 0.1, 1, 10 ng/mL for TNF-a

(B) respectively at 8h and 24h time points. Human GAPDH mRNA was used as an endogenous control in all qRT-PCR analysis. Data represent

the mean+SEM (n=4). "P<0.01 compared to the controls.
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Figure 3 The effect of IFN-y and TNF-o stimulation to the mRNA levels of VEGFA in MIO-M1 cells Fold change showed in bar plots in
the expression for VEGFA in Miiller cells after stimulation by IFN-y and TNF-a by different concentration, 2, 20, 200 ng/mL for IFN-y (A) and
0.1, 1, 10 ng/mL for TNF-a (B) respectively after 8h and 24h stimulation. GAPDH was used as normalization in all gRT-PCR results. Data were

represented the mean+SEM (n=4). "P<0.01 compared to the controls.

only attenuated the mRNA expression level of VEGFA after
8h stimulation. While the results stimulated by TNF-a at the
concentration of 0.1, 1, 10 ng/mL showed no statistically
significant difference.

Knockdown of Periostin Inhibit mRNA Expression of
VEGFA in MIO-M1 Cell Line Knockdown effect induced
by shRNA on mRNA expression of periostin in MIO-M1 cells
was assessed. The results of qRT-PCR showed that mRNA
expression of periostin was significantly inhibited following the
transfection compared to the control (P<0.01, n=4; Figure 4A).
To confirm the effect of periostin knockdown on VEGFA

expression, qRT-PCR was also performed. The results showed

that mRNA expression of VEGFA was also decreased after
the knockdown of periostin (P<0.01, n=4; Figure 4B). These
results indicated that knockdown of periostin inhibited mRNA
expression of VEGFA by retinal glial cells.

Deficiency of Periostin does not Affect the mRNA
Expression of VEGFA in OIR Retinas To determine the
relationship between periostin and VEGFA, wild-type C57/
B6J (WT) mice and periostin KO mice were exposed to 75%
oxygen from P7 to P12, and we quantified mRNA expressions
of periostin and VEGFA in OIR retinas at P17. The mRNA
expression of periostin was remarkably attenuated in KO mice,

which shows a well-deficiency of the gene (P<0.01;
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Figure 4 Periostin-knockdown attenuated VEGFA mRNA
expression levels in MIO-M1 cells qRT-PCR results showed in bar
graph revealed downregulation in MIO-M1 cells of periostin (A) and
VEGFA (B) at mRNA expression levels after periostin knockdown.
Results were normalized to human GAPDH mRNA expression levels
correspondingly, and data were represented the mean+=SEM (n=4).
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Figure 5 mRNA expression of VEGFA had no relevance with
deficiency of periostin (periostin KO mice) in OIR retinas qRT-PCR
results showed in bar plots for mRNA expression levels of periostin
was remarkably downregulated in KO mice compared to WT control
mice (A). No change was detected for VEGFA expression both in
periostin KO mice and WT control mice (B). Results were normalized
to mouse GAPDH mRNA expression levels correspondingly, and data
were represented the mean+SEM (n=4). *P<0.01 compared to the

controls.

Figure 5A). However, there was no significant difference of
VEGFA expression in the retinas between WT and KO mice
(P>0.05; Figure 5B). These data indicate that the deficiency of
periostin does not affect the mRNA expression of VEGFA in
the whole retina of OIR.

DISCUSSION

Periostin is considered to be involved in promoting tissue
regeneration, wound healing and fibrosis by interacting with
integrins". Numerous studies of periostin has been conducted

[25-27 28-29] [30-31

in tumor™?", asthma' Iand kidney

[32-33

, cardiac diseases
fibrosis”**". Recently, periostin has emerged as a player in the
field of vitreoretinal diseases™, which has been found to be
upregulated in tissues of PDR, proliferative vitreoretinopathy
as well as age-related macular degeneration. Miiller glia are
essential source cells of cytokines and inflammatory factors
in the gliotic retinas with proliferative vitreoretinopathy*. In
the present study, the results showed that periostin overlaid
216

with Miiller glia marker GS, and MIO-M1 Miiller glial cells
expressed periostin in vitro (Figure 1). Thus, Miiller glia might
be one major source for periostin. TNF-o and IFN-y attenuated
periostin mRNA expression in MIO-M1 cells (Figure 2).
These results indicated that proinflammatory cytokines TNF-a
and IFN-y might be important in the regulation of periostin
produced by Miiller glia.

The mechanism why these two cytokines could reduce
periostin in vitro still remained unclear. Previous studies
showed that M2-polarized macrophages produced periostin''",
and periostin could be induced by Th2 cytokines such as IL-4
and IL-13"%. Periostin should have strong relevance to Th2
response with an anti-inflammatory effect. Moreover, both
periostin and anti-inflammatory M2 macrophages enhanced
ocular neovascularization'”'***** Thus, pro-inflammation
might possess an inhibitory effect on periostin production.

The relationship between periostin and VEGF still remains
controversial. Liu et al’" reported that periostin enhanced
tumor angiogenesis through activation of Erk/VEGF signaling
in pancreatic cancer, and VEGF in the cancer tissues was
significantly correlated with the expression of periostin.
Periostin was also considered to have a significant positive

correlation with VEGF in osteosarcoma patients”™ and

[39]
2

in patients with esophageal squamous cell carcinoma
inducing and/or promoting tumor angiogenesis. Periostin also
promoted VEGF secretion in keloid fibroblasts'”. Another
study showed that periostin shRNA-infection reduced VEGFA
expression in GSC. Moreover, periostin and VEGFA were
strongly associated with the progression of GSC*". However,
the concentration of periostin in vitreous was not significantly
correlated with those of VEGF in the vitreous of PDR patients!'”.

In the present study, the in vitro and in vivo studies showed
controversial results. [IFN-y and TNF-a down-regulate the
VEGFA mRNA level in MIO-M1 cell line after 8h stimulation,
while the VEGFA mRNA level has not been affected at 24h
after the stimulation of TNF-a (Figure 3). Moreover, although
the knockdown of periostin attenuated mRNA expression of
VEGFA in MIO-M1 cell line, the deficiency of periostin does
not affect the expression of VEGFA in the whole retina of OIR
(Figures 4 and 5). A possible reason of this phenomenon might
be that under hypoxia, VEGF can be expressed by many kinds
of source cells besides Miiller glia, such as macrophages'*"),

[42]

retinal pigment epithelial (RPE) cells™, etc. The attenuation
of VEGFA in glial cells could be masked by the increase from
those cells.

Further studies are needed to determine whether experimental
inhibition of periostin can attenuate retinal fibrovascular
membrane formation ex-vivo and in vivo. Moreover, the
mechanisms by which TNF-a and IFN-y can induce down-

regulation of periostin in mice is worth investigation. Periostin
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might be a novel target for PDR and it might have a synergistic
effect with anti-VEGF treatment, and targeting these
molecules by state-of-the-art strategies such as gene-editing
using CRSPR-Cas9 system could be considered for the future
investigations and clinical applications'®’.
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