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Abstract

Background: Outflow regulation and phagocytosis are key functions of the
trabecular meshwork (TM), but it is not clear how the two are related in
secondary open angle glaucomas characterized by an increased particle load. Discuss this article
We hypothesized that diminished TM phagocytosis is not the primary cause of
early ocular hypertension and recreated pigment dispersion in a porcine ex vivo
model.

Methods: Sixteen porcine anterior chamber cultures received a continuous
infusion of pigment granules (Pg), while 16 additional anterior chambers served
as controls (C). Pressure transducers recorded the intraocular pressure (IOP).
The phagocytic capacity of the trabecular meshwork was determined by
fluorescent microspheres.

Results: The baseline IOPs in Pg and C were similar (P=0.82). A significant
IOP elevation occurred in Pg at 48, 120, and 180 hours (all P<0.01, compared
to baseline). The pigment did not cause a reduction in TM phagocytosis at 48
hours, when the earliest IOP elevation occurred, but at 120 hours onward (P
=0.001 compared to C). This reduction did not result in an additional IOP
increase at 120 or 180 hours compared to the first IOP elevation at 48 hours (P
>0.05).

Conclusions: In this porcine model of pigmentary glaucoma, an IOP elevation
occurs much earlier than when phagocytosis fails, suggesting that two separate
mechanisms might be at work.
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Introduction

The conventional outflow is guarded by the trabecular mesh-
work (TM), a complex three dimensional, layered tissue that
contains variable amounts of extracellular matrix (ECM)'. The
aqueous passes into Schlemm’s canal by paracytosis or giant
vacuoles’. Failure to maintain a normal cytoskeleton and home-
ostasis of aqueous outflow can cause ocular hypertension'. For
instance, pigment dispersion’ and corticosteroids can alter the
actin cytoskeleton and cause TM cell contraction resulting in an
elevation of intraocular pressure (IOP)**. Conversely, relaxing the
cytoskeleton, for instance by using a Rho kinase inhibitor, can
reverse these effects™.

Phagocytosis of debris is another key function of TM cells’.
However, its direct and short-term effects on IOP regulation
remain poorly understood’. Chronic exposure to pigment’,
erythrocyte-derived ghost cells®, inflammatory cells’, photore-
ceptor outer segments'’, lens and pseudoexfoliation material''-'"”
can lead to secondary glaucomas.

We recently developed an ex vivo pigmentary glaucoma (PG)
model that recreates the IOP elevation, stress fiber formation, and
phagocytosis reduction characteristics of human PG’. A gene
expression analysis indicated an activation of the RhoA signal-
ing pathway, and a downstream effect of tight junction forma-
tion negatively regulated by RhoA-mediated actin cytoskeletal
reorganization’. In the current study, we hypothesized that
ocular hypertension is the result of a reorganization of the actin
cytoskeleton and occurs before phagocytosis declines.

Methods

Pig eye perfusion culture and pigmentary glaucoma model

This study was conducted in accordance with the Association
for Research in Vision and Ophthalmology Statement for the Use
of Animals in Ophthalmic and Vision Research. Because no live
vertebrate animals were used and pig eyes were acquired from
a local abattoir (Thoma Meat Market, Saxonburg, PA), no
Institutional Animal Care and Use approval was required.

Thirty-two porcine eyes were cultured within 2 hours of enu-
cleation. Extraocular tissues were removed, and the eyes were
decontaminated with 5% povidone-iodine solution (CAT# 3955-
16, United States Pharmacopeia, Rockville, MD) for two minutes
and washed three times in phosphate buffered saline (PBS).
Posterior segments, lenses, and irises were removed and the
anterior segments with intact TM mounted in the perfusion sys-
tem as previously described™'*'". We used the same method to
generate pigment granules as recently described in a model of
pigmentary glaucoma (PG)’. Briefly, pigment granules were pro-
duced by subjecting the iris to freeze-thaw and resuspension
washing before dilution of the stock to a final concentration of
1.67x107 particles/ml. Eyes in the pigment dispersion group
were continuously perfused with pigment added to the culture
medium for up to 180 hours (Pg) and compared to controls (C).
The perfusate consisted of Dulbecco’s modified Eagle media
(DMEM, SH30284, HyClone, GE Healthcare, UK) supplemented
with 1% FBS and 1% antibiotics (15240062, Thermo Fisher
Scientific, Waltham, MA) at a constant rate of 3 ul/min using
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a microinfusion pump (PHD 22/2000; Harvard Apparatus,
Holliston, MA). IOP was measured intracamerally by a pres-
sure transducer (SP844; MEMSCAP, Skoppum, Norway) and
recorded at two-minute intervals (LabChart, ADInstruments,
Colorado Springs, CO). Baseline IOPs were obtained after IOP
stabilization for 48 hours.

TM phagocytosis

The in situ TM phagocytosis was measured using an epif-
luorescence microscope after microsphere perfusion. In brief,
a suspension of 0.5 pm carboxylate-modified yellow-green
fluorescent microspheres'” (CAT# F8813, Thermo Fisher,
Waltham, MA) at 5x10® particles/ml was added to the perfusate
at 48, 120, and 180 hours and perfused for 24 hours. The eyes
were removed from their perfusion dishes, washed three times
with pre-warmed PBS, secured again in the perfusion dishes,
and placed upside down for imaging. The TM, visualized from
the underside of the transparent perfusion dish, was photo-
graphed and measured by acquiring the images with a camera
and epifluorescence equipped dissecting fluorescence microscope
(87X16, Olympus, Tokyo, Japan) at a 680x510 pixel resolution
and a 200 ms exposure. The mean fluorescence intensity was quan-
tified by ImageJ (Version 1.50i, NIH) as previously described'®
at 48, 120, and 180 hours by measuring the fluorescence intensity
in the TM.

To validate that the microspheres were phagocytosed by TM
cells, the TM was dissected and digested with collagenase type
IA (C9891, Sigma Aldrich, St. Louis, MO) at 2mg/ml and 1%
FBS for 30 min at room temperature. The cells were filtered
with a 70-micron cell strainer and resuspended in 0.5 ml of
PBS. The percentage of TM cells that had ingested fluorescent
microspheres was determined using flow cytometry.

To get a more accurate visualization of the phagocytosed
microbeads, we used confocal microscopy. TM cells were
seeded into the wells of a six-well plate and fixed with 4% PFA.
The cell membranes were labeled with Lycopersicon esculentum
agglutinin (TL; Texas red-conjugated; #TL-1176, Vector Labo-
ratories, Inc., Burlingame, CA) at room temperature for 1 hour.
The cell nuclei were counterstained with DAPI (D1306, Thermo
Fisher Scientific, Waltham, MA). Photos and 3D videos were
taken using an upright laser scanning confocal at 400x magnifica-
tion (BX61, Olympus, Tokyo, Japan).

Histology

After the TM phagocytosis assay, the anterior segments were
fixed with 4% PFA for 24 hours, washed three times with PBS,
dehydrated in 70% ethanol, and embedded in paraffin. Sections
were cut to a thickness of 5 pm and stained with hematoxylin
and eosin (H&E).

Statistics

Data were presented as the mean + standard error and analyzed
by PASW Statistics 18 (SPSS Inc., Chicago, IL). The baseline IOP
was compared to the other time points of the same eye using a
paired r-test. Other quantitative data were analyzed by one-way
ANOVA. A p value < 0.05 was considered statistically significant.
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Results

In H&E stained tissue sections, normal TM (Figure 1A) presented
as a sparsely pigmented (red arrowheads), multilayered, porous
tissue with Schlemm’s canal-like segments within the aqueous
plexus at the outer layer (black arrows). Pigment granules were
seen phagocytosed by trabecular meshwork cells, particularly
in the uveal TM, at 48, 120, and 180 hours (Figure 1B, C and D)
but were not dense enough to physically obstruct any part of the
conventional outflow system.

Baseline IOP in Pg was comparable to C (12.2+0.9 mmHg vs.
11.9+0.9 mmHg, P=0.82). Pigment dispersion caused a signifi-
cant IOP elevation at 48, 120, and 180 hours (19.5+1.4 mmHg,
20.2+1.4 mmHg and 22.8+0.8 mmHg, P=0.001, P<0.001 and
P=0.002, compared to baseline) while IOPs in C remained
steady (13.1x1.1 mmHg, 12.0+0.9 mmHg and 14.0+1.5 mmHg,
all p values >0.05, compared to baseline) (Figure 2A).

By inverting the perfusion dishes and washing away the
microspheres in the intertrabecular spaces, the TM phagocytosis
was visualized and quantified under an upright dissecting
fluorescence microscope. Pigment did not cause any change
of phagocytosis during early ocular hypertension at 48 hours
(Figure 2Bi-ii, 96.3£5.0% compared to the control, P=0.723),
but did cause a reduction at the later phases of 120 hours
(Figure 2Biii-iv, 58.3+2.3%, P=0.001) and 180 hours (Figure2Bv-vi,
62.5+5.1%, P=0.026). However, the declining phagocytosis
did not result in further elevation of IOP at 120 and 180 hours
compared to the initial IOP elevation at 48 hours (20.2+1.4 mmHg
and 22.8+0.8 mmHg versus 19.5+1.4 mmHg, both P>0.05).

The microsphere ingestion by TM cells was further assessed by
flow cytometry and confocal microscopy. 28.1% of TM cells had
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phagocytosed microbeads in a normal perfusion eye (Figure 3A)
and the confocal microscopy confirmed them as being located
within the cells (Figure 3B) aided by tomato lectin-stained
cell membranes and DAPI-stained nuclei. Confocal imaging
showed clusters of green fluorescent microspheres within the
intracellular space with no microspheres in the intercellular
space. The 3D video also suggested the microspheres were in fact
phagocytized and not merely on top of or below them since the
microbeads were in the same z plane as the cells (Supplementary
Video 1).

Dataset 1. Raw unedited images of Figure 1
http://dx.doi.org/10.5256/f1000research.13797.d192088

They are representative of 17 slides for histology.

Dataset 2. Raw unedited images of Figure 2B
http://dx.doi.org/10.5256/f1000research.13797.d192089

They are representative of 31 pictures for phagocytosis
measurement.

Dataset 3. Raw unedited images of Figure 3B

http://dx.doi.org/10.5256/f1000research.13797.d192090

Dataset 4. The FACS output file for Figure 3A
http://dx.doi.org/10.5256/f1000research.13797.d192091

Dataset 5. The raw IOP and phagocytosis measurements at all
time points

http://dx.doi.org/10.5256/f1000research.13797.d192092

Figure 1. Histology. Normal trabecular meshwork (TM) (A) was a multilayer, strainer-like structure with few pigment deposits (red
arrowheads). Ex vivo perfusion with pigment granules at 1.67x107/ml caused significant TM pigmentation at 48 hours (B), 120 hours (C) and

180 hours (D). No apparent occlusion of the outflow tract was found.
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Figure 2. Reduction of intraocular pressure and TM phagocytic activity by pigment dispersion. Baseline IOPs in the pigment group
(n=16) and the control (n=16) are comparable (12.2+0.9 mmHg vs. 11.9+0.9 mmHg, P=0.82). Pigment caused a significant IOP elevation
at 48 hours and onward (all P<0.05) while the IOP in the control group showed no significant difference to baseline at any time point (all
P>0.05) when compared to the baseline (A). TM phagocytosis was visualized in situ. The mean fluorescence intensity in the TM region was
quantified by NIH ImageJ. TM phagocytosis in the pigment group was comparable to the control at 48 hours (P=0.723), (Bi-ii) but showed
sharp decreases at 120 hours (Biii—iv) and 180 hours (P=0.001 and P=0.026, respectively) (Bv-vi).
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Figure 3. Validation of TM phagocytosis by flow cytometry and confocal microscopy. To further confirm that microspheres were
phagocytosed, we digested a normal sample TM tissue into single cell suspension and sent for flow cytometry. The results suggested that
28.1% of the TM cells were actively phagocytic (A). We then seeded these cells into a six well plate to form monolayer. After labeling them
with tomato lectin, the confocal imaging showed that clusters of green fluorescent microspheres were located in the intracellular but not in

the intercellular space (B).
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Discussion

Phagocytosis is a defining feature of TM cells' and plays a
central but poorly understood role in the pathogenesis of several
types of secondary glaucoma that include pigment, erythro-
cytes and ghost cells, inflammatory cells, photoreceptor outer
segments, lens and pseudoexfoliation material®'*"". Although TM
phagocytosis can remove particles from the aqueous humor®, the
direct and short-term effects on outflow regulation remain insuf-
ficiently explained'. In this study, we measured IOP and TM
phagocytic activity in the presence of pigment granules at
different time points and found IOP was significantly elevated as
early as 48 hours after exposure to pigment granules. This was
contrasted by a phagocytic activity in Pg not different from C
before the decrease at 120 and 180 hours. A worsening decline
of TM phagocytosis at 120 and 180 hours did not result in a fur-
ther increase of IOP. This suggests that reduction in phagocy-
tosis is a downstream and secondary effect of actin cytoskeletal
reorganization.

Pigment treatment has previously been shown to cause ocular
hypertension in part by reorganizing the TM actin cytoskel-
eton and not by physical obstruction of the outflow tract’”'.
We have recently reported that long, thick, and continuous TM
actin bundles emerge as early as 24 hours after pigment exposure®
and replicate this observation in the present study. Histological
characteristics of pigment dispersion in porcine eyes matched
those seen in samples from pigmentary glaucoma patients” >
showing that pigment particles were taken up by TM cells.

In summary, the results indicate the IOP elevation caused by
pigment dispersion is not the direct result of a physical obstruc-
tion of outflow or a chronically overwhelmed phagocytosis. The
reduction in phagocytosis considerably lags the evolving
hypertension supporting the notion that these cytoskeletal
changes occur early on and are separate from the impact of
pigment on canonical phagocytosis pathways’.

Supplementary material
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Data availability
All the raw data generated or analyzed in this study are included in
following datasets.

Dataset 1. Raw unedited images of Figure 1. They are representative
of 17 slides for histology. 10.5256/f1000research.13797.d192088*

Dataset 2. Raw unedited images of Figure 2B. They are repre-
sentative of 31 pictures for phagocytosis measurement. 10.5256/
f1000research.13797.d192089%

Dataset 3. Raw unedited images of Figure 3B. 10.5256/
f1000research.13797.d192090%
Dataset 4. The FACS output file for Figure 3A. 10.5256/

f1000research.13797.d192091%

Dataset 5. The raw IOP and phagocytosis measurements at all time
points. 10.5256/f1000research.13797.d192092%

Competing interests
No competing interests were disclosed.

Grant information

NIH CORE Grant P30 EY08098 to the Department of Ophthal-
mology, from the Eye and Ear Foundation of Pittsburgh, and
from an unrestricted grant from Research to Prevent Blindness,
New York, NY; National Eye Institute KOSEY022737 (NAL);
Initiative to Cure Glaucoma of the Eye and Ear Foundation of
Pittsburgh (NAL); Research to Prevent Blindness, Departmental
Grant (NAL); the Wiegand Fellowship of the Eye and Ear Foun-
dation (YD); an unrestricted grant from the Third Xiangya Hos-
pital of Central South University for studying at the University of
Pittsburgh (CW).

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Supplementary Video 1. Visualization of microsphere ingestion by a 3D reconstruction with confocal microscopy. We took a series
of z-stack confocal microscopy images to reconstruct a 3D video, showing that the fluorescent microspheres were neither on the top nor

below, but phagocytized by the TM cells.

Click here to access the data.

References

1. Llobet A, Gasull X, Gual A: Understanding trabecular meshwork physiology: a
key to the control of intraocular pressure? News Physiol Sci. 2003; 18(5): 205-9.
PubMed Abstract | Publisher Full Text

2. Tamm ER: The trabecular meshwork outflow pathways: structural and
functional aspects. Exp Eye Res. 2009; 88(4): 648-55.
PubMed Abstract | Publisher Full Text

3. Dang Y, Waxman S, Wang C, et al.: Trabecular Meshwork Failure In A Model Of

Pigmentary Glaucoma [Internet]. bioRxiv. 2017; 118448, [cited 2017 Apr 21].
Reference Source

4. Pattabiraman PP, Rao PV: Mechanistic basis of Rho GTPase-induced
extracellular matrix synthesis in trabecular meshwork cells. Am J Physiol Cell
Physiol. 2010; 298(3): C749-63.
PubMed Abstract | Publisher Full Text | Free Full Text

5. Tanihara H, Inoue T, Yamamoto T, et al.: Intra-ocular pressure-lowering effects

Page 6 of 8


http://dx.doi.org/10.5256/f1000research.13797.d192088
http://dx.doi.org/10.5256/f1000research.13797.d192089
http://dx.doi.org/10.5256/f1000research.13797.d192089
http://dx.doi.org/10.5256/f1000research.13797.d192090
http://dx.doi.org/10.5256/f1000research.13797.d192090
http://dx.doi.org/10.5256/f1000research.13797.d192091
http://dx.doi.org/10.5256/f1000research.13797.d192091
http://dx.doi.org/10.5256/f1000research.13797.d192092
https://f1000researchdata.s3.amazonaws.com/supplementary/13797/b9750c33-1797-4667-82cd-77f70715b88d.avi
http://www.ncbi.nlm.nih.gov/pubmed/14500801
http://dx.doi.org/10.1152/nips.01443.2003
http://www.ncbi.nlm.nih.gov/pubmed/19239914
http://dx.doi.org/10.1016/j.exer.2009.02.007
http://biorxiv.org/content/early/2017/03/22/118448
http://www.ncbi.nlm.nih.gov/pubmed/19940066
http://dx.doi.org/10.1152/ajpcell.00317.2009
http://www.ncbi.nlm.nih.gov/pmc/articles/2838580

of a Rho kinase inhibitor, ripasudil (K-115), over 24 hours in primary open-
angle glaucoma and ocular hypertension: a randomized, open-label, crossover
study. Acta Ophthalmol. 2015; 93(4): e254—60.

PubMed Abstract | Publisher Full Text

Tanihara H, Inoue T, Yamamoto T, et al.: Phase 1 clinical trials of a selective Rho
kinase inhibitor, K-115. JAMA Ophthalmol. 2013; 131(10): 1288-95.
PubMed Abstract | Publisher Full Text

Epstein DL, Freddo TF, Anderson PJ, et al.: Experimental obstruction to aqueous
outflow by pigment particles in living monkeys. Invest Ophthalmol Vis Sci. 1986;
27(3): 387-95.

PubMed Abstract

Campbell DG, Simmons RJ, Grant WM: Ghost cells as a cause of glaucoma.

Am J Ophthalmol. 1976; 81(4): 441-50.

PubMed Abstract | Publisher Full Text

Moorthy RS, Mermoud A, Baerveldt G, et al.: Glaucoma associated with uveitis.
Surv Ophthalmol. 1997; 41(5): 361-94.
PubMed Abstract | Publisher Full Text

Callender D, Jay JL, Barrie T: Schwartz-Matsuo syndrome: atypical presentation
as acute open angle glaucoma. Br J Ophthalmol. 1997; 81(7): 608-608.

PubMed Abstract | Publisher Full Text | Free Full Text

Lee RK: The molecular pathophysiology of pseudoexfoliation glaucoma.

Curr Opin Ophthalmol. 2008; 19(2): 95-101.

PubMed Abstract | Publisher Full Text

Ritch R, Schlétzer-Schrehardt U, Konstas AG: Why is glaucoma associated with
exfoliation syndrome? Prog Retin Eye Res. 2003; 22(3): 253—-75.
PubMed Abstract | Publisher Full Text

Loewen RT, Roy P, Park DB, et al.: A Porcine Anterior Segment Perfusion and
Transduction Model With Direct Visualization of the Trabecular Meshwork.
Invest Ophthalmol Vis Sci. 2016; 57(3): 1338—44.

PubMed Abstract | Publisher Full Text | Free Full Text

Dang Y, Waxman S, Wang C, et al.: Freeze-thaw decellularization of the
trabecular meshwork in an ex vivo eye perfusion model. Peer J Preprints. 2017;
5: [cited 2017 Jan 24]. Report No.: e2736v1.

PubMed Abstract | Publisher Full Text | Free Full Text

Loewen RT, Brown EN, Scott G, et al.: Quantification of Focal Outflow
Enhancement Using Differential Canalograms. Invest Ophthalmol Vis Sci. 2016;
57(6): 2831-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Dang Y, Waxman S, Wang C, et al.: Rapid learning curve assessment in an

ex vivo training system for microincisional glaucoma surgery. PeerJ Preprints.
2017; [cited 2017 Jan 25]. Report No. 5: e2745v1.

Publisher Full Text

Buller C, Johnson DH, Tschumper RC: Human trabecular meshwork

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

F1000Research 2018, 7:174 Last updated: 13 FEB 2018

phagocytosis. Observations in an organ culture system. /nvest Ophthalmol Vis
Sci. 1990; 31(10): 2156-63.
PubMed Abstract

Liton PB, Lin Y, Gonzalez P, et al.: Potential role of lysosomal dysfunction in the
pathogenesis of primary open angle glaucoma. Autophagy. 2009; 5(1): 122—4.
PubMed Abstract | Publisher Full Text | Free Full Text

Zhang X, Ognibene CM, Clark AF, et al.: Dexamethasone inhibition of trabecular
meshwork cell phagocytosis and its modulation by glucocorticoid receptor
beta. Exp Eye Res. 2007; 84(2): 275-84.

PubMed Abstract | Publisher Full Text | Free Full Text

Abu-Hassan DW, Acott TS, Kelley MJ: The Trabecular Meshwork: A Basic
Review of Form and Function. J Ocul Biol. 2014; 2(1): pii: http:/fulltextarticles.
avensonline.org/JOCB-2334-2838-02-0017.html.

PubMed Abstract | Publisher Full Text | Free Full Text

Gottanka J, Johnson DH, Grehn F, et al.: Histologic findings in pigment dispersion
syndrome and pigmentary glaucoma. J Glaucoma. 2006; 15(2): 142-51.
PubMed Abstract | Publisher Full Text

Kupfer C, Kuwabara T, Kaiser-Kupfer M: The histopathology of pigmentary
dispersion syndrome with glaucoma. Am J Ophthalmol. 1975; 80(5): 857-62.
PubMed Abstract | Publisher Full Text

Alvarado JA, Murphy CG: Outflow obstruction in pigmentary and primary open
angle glaucoma. Arch Ophthalmol. 1992; 110(12): 1769-78.

PubMed Abstract | Publisher Full Text

Dang Y, Waxman S, Wang C, et al.: Dataset 1 in: Intraocular pressure elevation
precedes a phagocytosis decline in a model of pigmentary glaucoma.
F1000Research. 2018.

Data Source

Dang Y, Waxman S, Wang C, et al.: Dataset 2 in: Intraocular pressure elevation
precedes a phagocytosis decline in a model of pigmentary glaucoma.
F1000Research. 2018.

Data Source

Dang Y, Waxman S, Wang C, et al.: Dataset 3 in: Intraocular pressure elevation
precedes a phagocytosis decline in a model of pigmentary glaucoma.
F1000Research. 2018.

Data Source

Dang Y, Waxman S, Wang C, et al.: Dataset 4 in: Intraocular pressure elevation
precedes a phagocytosis decline in a model of pigmentary glaucoma.
F1000Research. 2018.

Data Source

Dang Y, Waxman S, Wang C, et al.: Dataset 5 in: Intraocular pressure elevation
precedes a phagocytosis decline in a model of pigmentary glaucoma.
F1000Research. 2018.

Data Source

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/25487877
http://dx.doi.org/10.1111/aos.12599
http://www.ncbi.nlm.nih.gov/pubmed/23787820
http://dx.doi.org/10.1001/jamaophthalmol.2013.323
http://www.ncbi.nlm.nih.gov/pubmed/3949467
http://www.ncbi.nlm.nih.gov/pubmed/1266922
http://dx.doi.org/10.1016/0002-9394(76)90299-3
http://www.ncbi.nlm.nih.gov/pubmed/9163835
http://dx.doi.org/10.1016/S0039-6257(97)00006-4
http://www.ncbi.nlm.nih.gov/pubmed/9290381
http://dx.doi.org/10.1136/bjo.81.7.608b
http://www.ncbi.nlm.nih.gov/pmc/articles/1722260
http://www.ncbi.nlm.nih.gov/pubmed/18301281
http://dx.doi.org/10.1097/ICU.0b013e3282f49cda
http://www.ncbi.nlm.nih.gov/pubmed/12852486
http://dx.doi.org/10.1016/S1350-9462(02)00014-9
http://www.ncbi.nlm.nih.gov/pubmed/27002293
http://dx.doi.org/10.1167/iovs.15-18125
http://www.ncbi.nlm.nih.gov/pmc/articles/4811178
http://www.ncbi.nlm.nih.gov/pubmed/28828244
http://dx.doi.org/10.7287/peerj.preprints.2736v1
http://www.ncbi.nlm.nih.gov/pmc/articles/5560227
http://www.ncbi.nlm.nih.gov/pubmed/27227352
http://dx.doi.org/10.1167/iovs.16-19541
http://www.ncbi.nlm.nih.gov/pmc/articles/5113980
http://dx.doi.org/10.7287/peerj.preprints.2745v1
http://www.ncbi.nlm.nih.gov/pubmed/2211012
http://www.ncbi.nlm.nih.gov/pubmed/19001861
http://dx.doi.org/10.4161/auto.5.1.7304
http://www.ncbi.nlm.nih.gov/pmc/articles/2745819
http://www.ncbi.nlm.nih.gov/pubmed/17126833
http://dx.doi.org/10.1016/j.exer.2006.09.022
http://www.ncbi.nlm.nih.gov/pmc/articles/1796996
http://www.ncbi.nlm.nih.gov/pubmed/25356439
http://dx.doi.org/10.13188/2334-2838.1000017
http://www.ncbi.nlm.nih.gov/pmc/articles/4209746
http://www.ncbi.nlm.nih.gov/pubmed/16633228
http://dx.doi.org/10.1097/00061198-200604000-00011
http://www.ncbi.nlm.nih.gov/pubmed/1190279
http://dx.doi.org/10.1016/0002-9394(75)90283-4
http://www.ncbi.nlm.nih.gov/pubmed/1463421
http://dx.doi.org/10.1001/archopht.1992.01080240109042
http://dx.doi.org/10.5256/f1000research.13797.d192088
http://dx.doi.org/10.5256/f1000research.13797.d192089
http://dx.doi.org/10.5256/f1000research.13797.d192090
http://dx.doi.org/10.5256/f1000research.13797.d192091
http://dx.doi.org/10.5256/f1000research.13797.d192092

F1000Research 2018, 7:174 Last updated: 13 FEB 2018

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
® The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]mResea rCh

Page 8 of 8



