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Dedication

By all standards, the XVII International Symposium on Retinal
Degeneration that was held in Kyoto, Japan, was a tremendous
success. It is fitting that we dedicate this book of proceedings from the
meeting to two pioneering scientists and ophthalmologists from Japan
who have led and advocated for this field for many years. This book is
dedicated to the careers of Professor Nagahisa Yoshimura, MD, PhD,
and Professor Yozo Miyake MD, PhD.

Nagahisa Yoshimura

Yoshimura has extensive experience in
clinical retina and retinal research and is
known as an advocate for the field.
Research interests of Dr. Yoshimura cover a
wide range of retinal diseases. Among them,
Dr.  Yoshimura’s group performed an
extensive study on polypoidal choroidal
vasculopathy (PCV) using new imaging
devices in combination with genetic analyses
of known age-related macular degeneration (AMD) risk mutations.
Dr. Yoshimura’s work demonstrated that PCV shares many common
risk alleles with AMD, suggesting that PCV is a novel subtype of
exudative AMD and not a distinct clinical entity. This important
finding overturned a long-standing consensus that PCV was a distinct
disease from AMD. Dr. Yoshimura also works to develop patient-
derived iPS cells from patients with AMD and other retinal
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degenerations to establish induced-RPE cells. This has led to the
development of a novel assay system to evaluate iPS-derived RPE cell
function.

Yozo Miyake

Miyake has had a long and productive
career in ophthalmology. He served as
Professor and Chairman of the Department
of Ophthalmology, Nagoya University,
until 2005. After retiring from Nagoya
University, he served as the Director of
National Institute of Sensory Organs in
Tokyo, before becoming the President of Aichi Medical University in
2010. In addition, he served as the President of the International
Society of Clinical Electrophysiology for Vision (ISCEV) from 2000
to 2004.

Dr. Miyake’s major contributions to retinal degeneration include
the development of ERG for clinical diagnostics. This includes
pioneering use of systems for focal macular ERG (Arch Ophthalmol
1986, I0VS 1984, 1989). This allowed precision measurements of
oscillatory potentials (Ops) of human macular ERGs for the first time
in the history (IOVS 1989). Miyake’s focal macular ERG system was
in the forefront of the multifocal ERG developed by Sutter in 1994.
The development of the focal macular ERG led to Dr. Miyake’s most
important work, which includes the discovery of “occult macular
dystrophy” (OMD) (AJO 198v9, 1996). OMD is not a rare disease,
and the focal macular ERG was key for its diagnosis. Dr. Miyake’s
group succeeded in identifying the gene mutation (RPILI) causing
OMD (AmJ Hum Genet, 2010). Because of the substantial contribution
of Dr. Miyake and his group, OMD diseases with the RPILI gene
mutations are now referred to as “Miyake disease” (IOVS 2016). In
2015, the Japanese Ministry of Health, Labor and Welfare for medical
care declared Miyake disease as one of the limited diseases for
priority financial support.

Another highlight of Miyake’s work using ERGs was the
establishment of new clinical definitions of congenital stationary
night blindness (Arch Ophthalmol 1986). Using a combination
patient data and animal experiments, Dr. Miyake concluded that
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complete CSNB has the complete defect of ON bipolar cell function,
while incomplete CSNB has the incomplete defect of both ON and
OFF bipolar cell function. Miyake’s hypothesis has been well
supported by data from other groups and still stands as the
prevailing hypothesis (Nature Genet 1998, 2000).



Preface

The International Symposia on Retinal Degeneration have been held in conjunction
with the biennial meeting of the International Society of Eye Research (ISER) since
1984. These RD Symposia have allowed basic and clinician scientists from around
the world to convene and present their new research findings. They have been orga-
nized to allow substantial time for discussions and one-on-one interactions in a
relaxed atmosphere, where international friendships and collaborations can be fos-
tered. The X VII International Symposium on Retinal Degeneration (also known as
RD2016) was held from September 19 to 24, 2016, at the Kyoto International
Conference Center, in the beautiful and historic city of Kyoto, Japan. The meeting
brought together 294 basic and clinician scientists, retinal specialists in ophthalmol-
ogy, and trainees in the field from all parts of the world.

Abstract submissions to the RD2016 meeting exceeded all expectations, both in
quantity and quality. The scientific program covered many aspects of retinal degen-
eration. The presentations included 42 platform talks and 151 posters. The program
consisted of 3 full days of platform talks and 2 evening poster sessions. The RD2016
meeting was highlighted by five special keynote lectures. The first was given by
Robert Marc, PhD, of the University of Utah, Salt Lake City, Utah. Dr. Marc dis-
cussed “Retinal Connectomes and Pathoconnectomes.” The second keynote lecture
was given by José-Alain Sahel, MD, PhD, Institut de la Vision, Paris, France. Dr.
Sahel discussed “Maintaining and Restoring Cone-Mediated Vision in Rod-Cone
Degenerations.” The third keynote lecture was given by Takeshi Iwata, PhD,
National Institute of Sensory Organs Tokyo, Japan. Dr. Iwata discussed “Genetic
Factors and Molecular Mechanisms of Early Stage AMD: CNV Mouse and Drusen
Primate Models.” The fourth keynote lecture was given by Yozo Miyake, MD, PhD,
Aichi Medical University, Nagoya, Japan. Dr. Miyake discussed “Establishment of
New Concepts in Three Hereditary Retinal Diseases from Japan.” The fifth and final
keynote lecture was given by the 2012 Nobel Laureate Shinya Yamanaka, MD,
PhD, Kyoto University, Kyoto, Japan. Dr. Yamanaka discussed “Recent Progress in
iPS Cell Research and Application.” The scientific meeting ended with a “Welcome
to RD2018” by local organizer Dr. Peter Humphries, along with the organizers pri-
marily responsible for the meeting, Drs. Cathy Bowes Rickman and Christian Grimm.

ix



X Preface

We thank the Local Organizing Committee Chair, Nagahisa Yoshimura, Kyoto
University, and his local organizing committee Drs. Shuichi Yamamoto, Chiba
University Hospital; Akira Murakami, Juntendo University Hospital; Yoshiro
Hotta, Hamamatsu University School of Medicine; Mineo Kondo, Mie University
Graduate School of Medicine; Akihiro Ohira, Shimane University Faculty of
Medicine; and Masaki Tanito, Matsue Red Cross Hospital. In addition, we thank
the outstanding management and staff of the meeting planning company, JTB
Communication Design, for their assistance in making this an exceptionally smooth-
running conference and a truly memorable experience for all of the attendees. These
included, in particular, Chika Okuhashi, Toshikazu Mogi, and Noriko Kataoka.

The Symposium was able to fund 49 full-ride travel awards given to graduate
students, postdocs, and junior faculty. The Travel Awardees were selected on the
basis of 9 independent scores of their submitted abstracts, 6 from each of the organiz-
ers and 3 from the other members of the Travel Awards Committee for RD2016, Drs.
Jacque Duncan, Michelle Pardue, and XianJie Yang. Travel awards were made pos-
sible in part by funding from the National Eye Institute of the National Institutes of
Health. We are pleased to report this is the eight consecutive symposium in which the
NEI has contributed travel awards to support young investigators. Additional awards
were provided by generous international financial support from a number of organi-
zations, including The Foundation Fighting Blindness; the BrightFocus Foundation;
Pro Retina, Germany; the Fritz Tobler Foundation, Switzerland; and The Harrington
Discovery Institute. Many of the contributing foundations sent members of their
organizations to attend the meeting. Their participation and comments in the scien-
tific sessions were instructive to many, offering new perspectives to some of the prob-
lems being discussed. For the first time, the Symposium held a Funders Lunch Forum
where representatives from the Foundation Fighting Blindness, the Harrington
Foundation, Fighting Blindness Ireland, BrightFocus Foundation, and the ProRetina
Foundation held a panel discussion to discuss funding opportunities from their orga-
nizations. This was well received and will likely be repeated in future meetings.

We also acknowledge the diligent and outstanding efforts of Ms. Holly
Whiteside. Holly is the Administrative Manager of Dr. Anderson’s laboratory at the
University of Oklahoma Health Sciences Center. Holly has been the RD Symposium
Coordinator since 2000, and continues to serve the RD Symposia by providing
administrate assistance with financial aspects of the meeting.

Gainesville, FL, USA John D. Ash
Oklahoma City, OK, USA Robert E. Anderson
San Francisco, CA, USA Matthew M. LaVail
Durham, NC, USA Catherine Bowes Rickman
Cleveland, OH, USA Joe G. Hollyfield

Zurich, Switzerland Christian Grimm



Travel Awards

We gratefully acknowledge the support from the National Eye Institute, NIH, USA;
the Foundation Fighting Blindness, USA; BrightFocus Foundation, USA; Pro
Retina, Germany; and the Fritz Tobler Foundation, Switzerland, in their support of
49 travel awards. Eligibility for an award was restricted to graduate students, post-
doctoral fellows, instructors, and assistant professors who were actively involved in
retinal degeneration research. These awards were based on the quality of the abstract
submitted by each applicant. The Travel Awards Committee consisted of nine senior
retinal degeneration investigators and was chaired by Catherine Bowes Rickman.

Kenkichi Baba
Morehouse School of Medicine, Atlanta, GA, USA

Petr Baranov
Schepens Eye Research Institute, Massachusetts Eye and Ear, Boston, MA, USA

Maya Barben
University of Zurich, Zurich, Switzerland

Pooja Biswas
Shiley eye institute, University of California San Diego, La Jolla, CA, USA

Vera Bonilha
Cleveland Clinic Foundation, Cleveland, OH, USA

Emily Brown
University of Florida, Gainesville, FL, USA

Soon Cheong
University of Rochester, Rochester, NY, USA

Conor Daly
University College Dublin, Dublin, Ireland

Astra Dinculescu
University of Florida, Gainesville, FL, USA

xi



Xii Travel Awards

Sarah Doyle
Trinity College Dublin, Dublin, Ireland

Jianhai Du
University of Washington, Seattle, WA, USA

Jens Duebel
Vision Institute Paris, Paris, France

Cécile Fortuny
University of California, Berkeley, CA, USA

Ayako Furukawa
Suzuka University of Medical Science, Suzuka, Japan

Alejandro Garanto
Radboud University Medical Center, Nijmegen, Netherlands

Rosario Fernandez Godino
Massachusetts Eye and Ear, Boston, MA, USA

Anna Graca
University College London, London, UK

Felix Grassmann
Institute of Human Genetics, University of Regensburg, Regensburg, Germany

Karina Guziewicz
University of Pennsylvania, PA, USA

Christin Hanke-Gogokhia
University of Utah, Salt Lake City, UT, USA

Marcus Hooper
University of Florida, Gainesville, FL, USA

Cristhian Ildefonso
University of Florida College of Medicine, Gainesville, FL, USA

Helen Jiao
John Curtin School of Medical Research, Australian National University
(JCSMR, ANU), Australia

Amir Kashani
University of Southern California, Los Angeles, CA, USA

Vladimir Khristov
National Eye Institute, Washington, USA

Byung-Jin Kim
Johns Hopkins University, Baltimore, MD, USA

Sophia-Martha kleine Holthaus
UCL Institute of Ophthalmology, London, UK



Travel Awards Xiii

Mikael Klingeborn
Duke University, Durham, NC, USA

Susanne Koch
Columbia University, New York, NY, USA

Yang Kong
The Jackson Laboratory, Bar Harbor, ME, USA

Jonathan Lin
Washington University School of Medicine, Saint Louis, MO, USA

Martial Mbefo
University of Lausanne, Jules-Gonin Eye Hospital, Lausanne, Switzerland

Trevor McGill
Oregon Health and Science University, Beaverton, OR, USA

Keiko Miyadera
University of Pennsylvania, Philadelphia, PA, USA

Riccardo Natoli
Australian National University, Canberra, Australia

Rebecca Pfeiffer
University of Utah Moran Eye Center, Salt Lake City, UT, USA

Sheldon Rowan
Tufts University, Boston, MS, USA

Almudena Sacristan-Reviriego
Institute of Ophthalmology, University College London, London, UK

Nicole Schaefer
University Hospital Regensburg, Regensburg, Germany

Abdoulaye Sene

Washington University in St Louis, Saint Louis, MO, USA
Mandeep Singh

Johns Hopkins University School of Medicine, Baltimore, MD, USA

Raghavi Sudharsan
University of Pennsylvania, Philadelphia, PA, USA

Dragana Trifunovic
University-Eye-Clinic Tuebingen, Tuebingen, Germany

Keiko Ueda
Columbia University, New York, NY, USA

Stefanie Volland
University of California Los Angeles, Los Angeles, CA, USA



Xiv Travel Awards

Sarah Walters
University of Rochester, Rochester, NY, USA

Yuhong Wang
University of Oklahoma, Oklahoma City, OK, USA

Joseph Wilkerson
University of Oklahoma Health Sciences Center, Oklahoma City, OK, USA



Contents

PartI Age-Related Macular Degeneration (AMD)

1

Oxidative Stress Regulation and DJ-1 Function
in the Retinal Pigment Epithelium: Implications for AMD . ....... 3
Vera L. Bonilha

Mitochondria: Potential Targets for Protection
in Age-Related Macular Degeneration . . ....................... 11
Emily E. Brown, Alfred S. Lewin, and John D. Ash

Toll-Like Receptors and Age-Related Macular Degeneration . . . . . . 19
Kelly Mulfaul, Maedbh Rhatigan, and Sarah Doyle

Alterations in Extracellular Matrix/Bruch’s Membrane

Can Cause the Activation of the Alternative Complement

Pathway via Tick-Over. . ......... .. ... .. ... ... ... ......... 29
Rosario Fernandez-Godino

MicroRNA as Therapeutics for Age-Related Macular
Degeneration . ......... ... ... 37
Riccardo Natoli and Nilisha Fernando

Anaphylatoxin Signaling in Retinal Pigment and Choroidal

Endothelial Cells: Characteristics and Relevance

to Age-Related Macular Degeneration . . ....................... 45
Birbel Rohrer

Estimations of Retinal Blue-Light Irradiance Values

and Melatonin Suppression Indices Through Clear

and Yellow-Tinted Intraocular Lenses . . ... .................... 53
Masaki Tanito, Ichiya Sano, Tsutomu Okuno, Yoshihisa Ishiba,

and Akihiro Ohira

XV



Xvi

Co-Expression of Wild-Type and Mutant S163R C1QTNF5

in Retinal Pigment Epithelium ......................... ...

Astra Dinculescu, Frank M. Dyka, Seok-Hong Min,
Rachel M. Stupay, Marcus J. Hooper, W. Clay Smith,
and William W. Hauswirth

Part I Gene Therapies

9

10

11

12

13

14

15

16

Mini-Review: Cell Type-Specific Optogenetic

Vision Restoration Approaches .. ..........................

Antoine Chaffiol and Jens Duebel
Mutation-Independent Gene Therapies for Rod-Cone

Dystrophies .. ........ .. ... .. ..

Cécile Fortuny and John G. Flannery

Antisense Oligonucleotide-Based Splice Correction
of a Deep-Intronic Mutation in CHM Underlying

Choroideremia. . . ........... .. ... . ... .. . . ...

Alejandro Garanto, Saskia D. van der Velde-Visser,
Frans P. M. Cremers, and Rob W. J. Collin

Gene Therapy Approaches to Treat the Neurodegeneration

and Visual Failure in Neuronal Ceroid Lipofuscinoses. . . ... ...

Sophia-Martha kleine Holthaus, Alexander J. Smith,
Sara E. Mole, and Robin R. Ali

Success of Gene Therapy in Late-Stage Treatment............

Susanne F. Koch and Stephen H. Tsang

Optimizing Non-viral Gene Therapy Vectors for Delivery

to Photoreceptors and Retinal Pigment Epithelial Cells. . . . . . ..

Rahel Zulliger, Jamie N. Watson, Muayyad R. Al-Ubaidi,
Linas Padegimas, Ozge Sesenoglu-Laird, Mark J. Cooper,
and Muna I. Naash

Nanoparticles as Delivery Vehicles for the Treatment

of Retinal Degenerative Diseases. . .........................

Yuhong Wang, Ammaji Rajala, and Raju V. S. Rajala

Overexpression of Type 3 Iodothyronine Deiodinase
Reduces Cone Death in the Leber Congenital

Amaurosis Model Mice. . ............. ... .. ... .. . . ... ..

Fan Yang, Hongwei Ma, Sanford L. Boye, William W. Hauswirth,
and Xi-Qin Ding

Contents



Contents

Part III In-Vivo Diagnostics for Structure and Function

17

18

19

20

21

In Vivo Functional Imaging of Retinal Neurons Using

Red and Green Fluorescent Calcium Indicators ... ............

Soon K. Cheong, Wenjun Xiong, Jennifer M. Strazzeri,
Constance L. Cepko, David R. Williams, and William H. Merigan

Optimizing ERG Measures of Scotopic and Photopic Critical

Flicker Frequency. . ........... ... .. . ..

Marci L. DeRamus and Timothy W. Kraft

Repeatability and Reproducibility of In Vivo Cone Density

Measurements in the Adult Zebrafish Retina .................

Alison Huckenpahler, Melissa Wilk, Brian Link, Joseph Carroll,
and Ross F. Collery

Normative Retinal Thicknesses in Common Animal
Models of Eye Disease Using Spectral Domain

Optical Coherence Tomography ............................

Christy L. Carpenter, Alice Y. Kim, and Amir H. Kashani

A Novel Approach for Integrating AF-SLLO and SDOCT
Imaging Data Demonstrates the Ability to Identify Early
Retinal Abnormalities in Mutant Mice and Evaluate

the Effects of Genetic and Pharmacological Manipulation. . . . . ..

Brent A. Bell, Vera L. Bonilha, and Ivy S. Samuels

Part IV Inflammation and Angiogenesis

22

23

24

25

26

The Role of Hypoxia, Hypoxia-Inducible Factor (HIF),

and VEGF in Retinal Angiomatous Proliferation ..............

Maya Barben, Marijana Samardzija, and Christian Grimm

Neuroinflammation in Retinitis Pigmentosa, Diabetic
Retinopathy, and Age-Related Macular Degeneration:

AMinireview . . ... .. e

Michael T. Massengill, Chulbul M. Ahmed, Alfred S. Lewin,
and Cristhian J. Ildefonso

Autoimmune Retinopathy: An Immunologic Cellular-Driven

Disorder . . ....... .. ... .

John R. Heckenlively and Steven K. Lundy

Inflammation-Induced Photoreceptor Cell Death..............

Abdoulaye Sene and Rajendra S. Apte
Salll Regulates Microglial Morphology Cell Autonomously

in the Developing Retina. . . ................................

Hideto Koso, Ryuichi Nishinakamura, and Sumiko Watanabe

xvii



Xviii Contents

PartV Inherited Retinal Degenerations

27 Whole-Exome Sequencing Identifies Novel Variants
that Co-segregates with Autosomal Recessive Retinal
Degeneration in a Pakistani Pedigree . . .. ...................... 219
Pooja Biswas, Muhammad Asif Naeem, Muhammad Hassaan Alj,
Muhammad Zaman Assir, Shaheen N. Khan, Sheikh Riazuddin,
J. Fielding Hejtmancik, S. Amer Riazuddin, and Radha Ayyagari

28 Identification of Novel Deletions as the Underlying
Cause of Retinal Degeneration in Two Pedigrees. . ............... 229
Kari Branham, Aditya A. Guru, Igor Kozak, Pooja Biswas,
Mohammad Othman, Kameron Kishaba, Hassan Mansoor,
Sheikh Riazuddin, John R. Heckenlively, S. Amer Riazuddin,
J. Fielding Hejtmancik, Paul A. Sieving, and Radha Ayyagari

29 Molecular Findings in Families with an Initial Diagnose
of Autosomal Dominant Retinitis Pigmentosa (adRP) ............ 237
Stephen P. Daiger, Sara J. Bowne, Lori S. Sullivan, Kari Branham,
Dianna K. Wheaton, Kaylie D. Jones, Cheryl E. Avery,
Elizabeth D. Cadena, John R. Heckenlively, and David G. Birch

30 Pleiotropic Effects of Risk Factors in Age-Related Macular
Degeneration and Seemingly Unrelated Complex Diseases . ... .... 247
Christina Kiel, Bernhard H. F. Weber, and Felix Grassmann

31 Mapping of Canine Models of Inherited Retinal Diseases .. ....... 257
Keiko Miyadera

32 A Mini-Review: Leber Congenital Amaurosis:
Identification of Disease-Causing Variants
and Personalised Therapies . .. ............................... 265
J. A. Thompson, J. N. De Roach, T. L. McLaren, and T. M. Lamey

Part VI Mechanisms of Degeneration

33 Role of Fibulins 2 and 5 in Retinal Development
and Maintenance. . . .............. .. ... 275
Larissa Ikelle, Muna I. Naash, and Muayyad R. Al-Ubaidi

34 Identifying Key Networks Linked to Light-Independent
Photoreceptor Degeneration in Visual Arrestin 1 Knockout Mice. .. 281
Hwa Sun Kim, Shun-Ping Huang, Eun-Jin Lee,
and Cheryl Mae Craft

35 How Excessive cGMP Impacts Metabolic Proteins
in Retinas at the Onset of Degeneration........................ 289
Jianhai Du, Jie An, Jonathan D. Linton, Yekai Wang,
and James B. Hurley



Contents

36

37

38

39

40

41

42

43

44

45

46

47

Protein Carbonylation-Dependent Photoreceptor Cell
Death Induced by N-Methyl-N-nitrosourea in Mice . . ............
Ayako Furukawa, Kayo Sugitani, and Yoshiki Koriyama

Miiller Glia Reactivity and Development of Gliosis
in Response to Pathological Conditions ........................
Anna B. Graca, Claire Hippert, and Rachael A. Pearson

Underdeveloped RPE Apical Domain Underlies

Lesion Formation in Canine Bestrophinopathies ................
Karina E. Guziewicz, Emily McTish, Valerie L. Dufour,

Kathryn Zorych, Anuradha Dhingra, Kathleen Boesze-Battaglia,

and Gustavo D. Aguirre

Binary Function of ARL3-GTP Revealed by Gene Knockouts . . . ..
Christin Hanke-Gogokhia, Jeanne M. Frederick, Houbin Zhang,
and Wolfgang Baehr

Do ¢cGMP Levels Drive the Speed of Photoreceptor
Degeneration? ... ........ .. ... .. ...
Maria Iribarne and Ichiro Masai

Early Endosome Morphology in Health and Disease .............
Gulpreet Kaur and Aparna Lakkaraju

The Retinal Circadian Clock and Photoreceptor Viability.........
Kenkichi Baba, Christophe P. Ribelayga, P. Michael Iuvone,
and Gianluca Tosini

The Role of c-Jun N-Terminal Kinase (JNK) in Retinal
Degeneration and Vision Loss .. ..............................
Byung-Jin Kim and Donald J. Zack

The Evaluation of BMI1 Posttranslational Modifications

During Retinal Degeneration to Understand BMI1 Action

on Photoreceptor Death Execution .. ..........................
Martial K. Mbefo and Yvan Arsenijevic

Primary Rod and Cone Degeneration Is Prevented

by HDAC Inhibition . ........... ... ... ... ... ... .. ... .. ...
Dragana Trifunovi¢, Eleni Petridou, Antonella Comitato,

Valeria Marigo, Marius Ueffing, and Francois Paquet-Durand

Impact of MCT1 Haploinsufficiency on the Mouse Retina. . .. ... ..
Neal S. Peachey, Minzhong Yu, John Y. S. Han, Sylvain Lengacher,
Pierre J. Magistretti, Luc Pellerin, and Nancy J. Philp

The Leber Congenital Amaurosis-Linked Protein AIPL1
and Its Critical Role in Photoreceptors. . .......................
Almudena Sacristan-Reviriego and Jacqueline van der Spuy

Xix

327



XX

48

49

50

51

52

53

Contents

Alternative Splicing for Activation of Coagulation

Factor XIII-A in the Fish Retina After Optic Nerve Injury........ 387
Kayo Sugitani, Yoshiki Koriyama, Kazuhiro Ogai,

Ayako Furukawa, and Satoru Kato

Bisretinoid Photodegradation Is Likely Not a Good Thing . ....... 395
Keiko Ueda, Hye Jin Kim, Jin Zhao, and Janet R. Sparrow

Further Characterization of the Predominant Inner

Retinal Degeneration of Aging Cln3<7® Knock-In Mice .......... 403
Cornelia Volz, Myriam Mirza, Thomas Langmann,

and Herbert Jégle

Differential Exon Expression in a Large Family

of Retinal Genes Is Regulated by a Single Trans Locus ........... 413
Jiaxing Wang, Felix L. Struebing, Salma Ferdous, Kevin Donaldson,

Jeffrey H. Boatright, Eldon E. Geisert, and John M. Nickerson

Molecular Chaperone ERp29: A Potential Target for Cellular

Protection in Retinal and Neurodegenerative Diseases. . .......... 421
Todd McLaughlin, Marek Falkowski, Joshua J. Wang,

and Sarah X. Zhang

The Role of Microbiota in Retinal Disease . . . ................... 429
Sheldon Rowan and Allen Taylor

Part VII Neuroprotection

54

55

56

57

58

Current Pharmacological Concepts in the Treatment
of the Retinitis Pigmentosa. . .. ............................... 439
Xiu-Feng Huang

Valproic Acid Inhibits Human Retinal Pigment Epithelial (hRPE)
Cell Proliferation Via a P38 MAPK Signaling Mechanism. . ... .... 447
Rohit Anand, Piyush C. Kothary, and Monte A. Del Monte

Pigment Epithelium-derived Factor Protects Retinal
Pigment Epithelial Cells Against Cytotoxicity “In Vitro”.......... 457
Francisco M. Nadal-Nicolas and S. Patricia Becerra

Brain-Derived Neurotrophic Factor as a Treatment

Option for Retinal Degeneration. . ............................ 465
Conor Daly, Rebecca Ward, Alison L. Reynolds, Orla Galvin,

Ross F. Collery, and Breandan N. Kennedy

VEGTF as a Trophic Factor for Miiller Glia in Hypoxic
Retinal Diseases. . .. .......... ... .. . 473
Shuhua Fu, Shugian Dong, Meili Zhu, and Yun-Zheng Le



Contents

59 Miiller Cell Biological Processes Associated with Leukemia
Inhibitory Factor Expression. . ............... .. ... .........
Marcus J. Hooper and John D. Ash

60 Retbindin Is Capable of Protecting Photoreceptors
from Flavin-Sensitized Light-Mediated Cell Death In Vitro .......
Ryan A. Kelley, Muayyad R. Al-Ubaidi, and Muna I. Naash

61 Constitutive Activation Mutant mTOR Promote
Cone Survival in Retinitis Pigmentosa Mice ....................
Ammaji Rajala, Yuhong Wang, and Raju V. S. Rajala

62 Maintaining Cone Function in Rod-Cone Dystrophies. ...........
José-Alain Sahel and Thierry Léveillard

63 PKG-Dependent Cell Death in 661W Cone Photoreceptor-like
Cell Cultures (Experimental Study) ...........................
Stine Mencl, Dragana Trifunovi¢, Eberhart Zrenner,
and Frangois Paquet-Durand

Part VIII Retinal Cell Biology

64 More Than Meets the Eye: Current Understanding
of RPGR Function. . . ....... ... ... .. .. . ...
Hemant Khanna

65 Polarized Exosome Release from the Retinal
Pigmented Epithelium ................ ... ... ... ... ... ...
Mikael Klingeborn, W. Daniel Stamer,
and Catherine Bowes Rickman

66 The Impact of Adherens and Tight Junctions on Physiological
Function and Pathological Changes in the Retina. ...............
Yang Kong, Jiirgen K. Naggert, and Patsy M. Nishina

67 TRPV4 Does Not Regulate the Distal Retinal Light Response. . . . ..
Oleg Yarishkin, Tam T. T. Phuong, Monika Lakk, and David Krizaj

68 Role of Sirtuins in Retinal Function Under Basal Conditions . . . . ..
Jonathan B. Lin, Shunsuke Kubota, Raul Mostoslavsky,
and Rajendra S. Apte

69 The Retinol-Binding Protein Receptor 2 (Rbpr2)
Is Required for Photoreceptor Survival and Visual
Function in the Zebrafish. . . ...... ... .. ... .. .. ... .. .. ..
Glenn P. Lobo, Gayle Pauer, Joshua H. Lipschutz,
and Stephanie A. Hagstrom

XXI1



XXii Contents

70 Opposite Roles of MerTK Ligands Gas6 and Protein S During
Retinal Phagocytosis. .. ......... ... ... ... ... 577
Emeline F. Nandrot

71 Redundant and Nonredundant Functions of Akt Isoforms
intheRetina. . ........ ... ... ... ... . . . 585
Raju V. S. Rajala and Ammaji Rajala

72 Photoreceptor Outer Segment Isolation from a Single
Canine Retina for RPE Phagocytosis Assay..................... 593
Raghavi Sudharsan, Michael H. Elliott, Natalia Dolgova,
Gustavo D. Aguirre, and William A. Beltran

73 Preservation of Photoreceptor Nanostructure for Electron
Tomography Using Transcardiac Perfusion Followed
by High-Pressure Freezing and Freeze-Substitution.............. 603
Stefanie Volland and David S. Williams

74 Microtubule-Associated Protein 1 Light Chain 3
(LC3) Isoformsin RPEand Retina. . .......................... 609
Anuradha Dhingra, Desiree Alexander, Juan Reyes-Reveles,
Rachel Sharp, and Kathleen Boesze-Battaglia

Part IX Stem Cells

75 The iPSc-Derived Retinal Tissue as a Tool to Study Growth
Factor ProductionintheEye................................. 619
Maryam Alavi and Petr Baranov

76 Stem Cell-Based RPE Therapy for Retinal Diseases: Engineering

3D Tissues Amenable for Regenerative Medicine . ............... 625
Karim Ben M’Barek, Walter Habeler, and Christelle Monville
77 Validation of iPS Cell-Derived RPE Tissue in Animal Models. . . ... 633

Vladimir Khristov, Arvydas Maminishkis, Juan Amaral,
Aaron Rising, Kapil Bharti, and Sheldon Miller

78 Cell Transplantation for Retinal Degeneration: Transition
from Rodent to Nonhuman Primate Models . ................... 641
Trevor J. McGill, David J. Wilson, Jonathan Stoddard,
Lauren M. Renner, and Martha Neuringer

79 Talaumidin Promotes Neurite Qutgrowth
of Staurosporine-Differentiated RGC-5 Cells Through
PI3K/Akt-Dependent Pathways. . ............................. 649
Yoshiki Koriyama, Ayako Furukawa, Kayo Sugitani, Miwa Kubo,
Kenichi Harada, and Yoshiyasu Fukuyama



Contributors

Gustavo D. Aguirre Department of Clinical Studies-Philadelphia, School of
Veterinary Medicine, University of Pennsylvania, Philadelphia, PA, USA

Division of Experimental Retinal Therapies, Department of Clinical Sciences and
Advanced Medicine, School of Veterinary Medicine, University of Pennsylvania,
Philadelphia, PA, USA

Chulbul M. Ahmed Department of Molecular Genetics & Microbiology,
University of Florida College of Medicine, Gainesville, FL., USA

Maryam Alavi The Schepens Eye Research Institute, Massachusetts Eye and Ear,
an affiliate of Harvard Medical School, Boston, MA, USA

Desiree Alexander Department of Biochemistry, SDM, University of Pennsylvania,
Philadelphia, PA, USA

Muhammad Hassaan Ali Allama Igbal Medical College, University of Health
Sciences, Lahore, Pakistan

Robin R. Ali UCL Institute of Ophthalmology, Department of Genetics & NIHR
BRC at Moorfields Eye Hospital, London, UK

Muayyad R. Al-Ubaidi Department of Biomedical Engineering, University of
Houston, Houston, TX, USA

Juan Amaral Laboratory of Retinal Cell and Molecular Biology, National Eye
Institute, Bethesda, MD, USA

S. Amer Riazuddin Department of Ophthalmology, The Wilmer Eye Institute,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Rohit Anand Department of Ophthalmology and Visual Sciences, Kellogg Eye
Center, University Michigan Medical School, Ann Arbor, MI, USA

XXiii



XX1V Contributors

Jie An Department of Medicine, University of Washington, Seattle, WA, USA
Rajendra S. Apte Department of Ophthalmology and Visual Sciences, Washington
University School of Medicine, St. Louis, MO, USA

Department of Developmental Biology and Medicine, Washington University
School of Medicine, St. Louis, MO, USA

Department of Biology, Allergan, Inc., Irvine, CA, USA
Yvan Arsenijevic Unit of Gene Therapy and Stem Cell Biology, Department of

Ophtalmology, Jules-Gonin Eye Hospital, University of Lausanne, Lausanne,
Switzerland

John D. Ash Department of Ophthalmology College of Medicine, University of
Florida, Gainesville, FL, USA
Department of Molecular Genetics and Biology College of Medicine, University of
Florida, Gainesville, FL, USA

Muhammad Zaman Assir Allama Igbal Medical College, University of Health
Sciences, Lahore, Pakistan

Cheryl E. Avery Human Genetics Center, School of Public Health, The University
of Texas Health Science Center (UTHealth), Houston, TX, USA

Radha Ayyagari Shiley Eye Institute, University of California San Diego, La
Jolla, CA, USA

Kenkichi Baba Neuroscience Institute, Department of Pharmacology and
Toxicology Morehouse School of Medicine, Atlanta, GA, USA

Wolfgang Baehr Department of Ophthalmology and Visual Sciences, John
A. Moran Eye Center, University of Utah School of Medicine, Salt Lake City, UT,
USA

Department of Neurobiology and Anatomy, University of Utah School of Medicine,
Salt Lake City, UT, USA

Department of Biology, University of Utah, Salt Lake City, UT, USA

Petr Baranov The Schepens Eye Research Institute, Massachusetts Eye and Ear,
an affiliate of Harvard Medical School, Boston, MA, USA

Maya Barben Lab for Retinal Cell Biology, Department of Ophthalmology,
University Hospital Zurich, University of Zurich, Schlieren, Switzerland
Neuroscience Center Zurich (ZNZ), University of Zurich, Zurich, Switzerland

S. Patricia Becerra Section of Protein Structure and Function, Laboratory of

Retinal Cell and Molecular Biology, NEI, National Institutes of Health, Bethesda,
MD, USA

Brent A. Bell Cole Eye Institute, Cleveland Clinic, Cleveland, OH, USA



Contributors XXV

Cole Eye Institute/Ophthalmic Research, Cleveland Clinic, Cleveland, OH, USA

William A. Beltran Division of Experimental Retinal Therapies, Department of
Clinical Sciences and Advanced Medicine, School of Veterinary Medicine,
University of Pennsylvania, Philadelphia, PA, USA

Kapil Bharti Unit on Ocular Stem Cell and Translational Research, National Eye
Institute, Bethesda, MD, USA

David G. Birch The Retina Foundation of the Southwest, Dallas, TX, USA

Pooja Biswas Shiley Eye Institute, University of California San Diego, La Jolla,
CA, USA

Jeffrey H. Boatright Department of Ophthalmology, Emory University, Atlanta,
GA, USA

Center for Visual and Neurocognitive Rehabilitation, Atlanta VA Medical Center,
Decatur, GA, USA

Kathleen Boesze-Battaglia Department of Biochemistry, School of Dental
Medicine, University of Pennsylvania, Philadelphia, PA, USA

VeraL.Bonilha Cole Eye Institute (i31), Department of Ophthalmology, Cleveland
Clinic Lerner College of Medicine, Cleveland, OH, USA

Cole Eye Institute, Cleveland Clinic, Cleveland, OH, USA

Cleveland Clinic Lerner College of Medicine of Case Western Reserve University,
Cleveland, OH, USA

Sara J. Bowne Human Genetics Center, School of Public Health, The University
of Texas Health Science Center (UTHealth), Houston, TX, USA

Sanford L. Boye Departments of Ophthalmology and Molecular Genetics and
Microbiology, University of Florida, Gainesville, FL, USA

Kari Branham University of Michigan, Department of Ophthalmology and Visual
Sciences, Ann Arbor, MI, USA

Kellogg Eye Center, University of Michigan, Ann Arbor, MI, USA

Emily E. Brown Department of Ophthalmology College of Medicine, University
of Florida, Gainesville, FL, USA

Department of Molecular Genetics and Biology College of Medicine, University of
Florida, Gainesville, FL, USA

Elizabeth D. Cadena Human Genetics Center, School of Public Health, The
University of Texas Health Science Center (UTHealth), Houston, TX, USA

Christy L. Carpenter Department of Ophthalmology, USC Eye Institute, Keck
School of Medicine of the University of Southern California, Los Angeles, CA,
USA



XXVi Contributors

Joseph Carroll Department of Cell Biology, Neurobiology, & Anatomy, Medical
College of Wisconsin, Milwaukee, WI, USA

Departments of Ophthalmology, Medical College of Wisconsin, Milwaukee, WI,
USA

Constance L. Cepko Departments of Genetics and Ophthalmology, Howard
Hughes Medical Institute, Harvard Medical School, Boston, MA, USA

Antoine Chaffiol Sorbonne Université, INSERM, CNRS, Institut de la Vision,
Paris, France

Soon K. Cheong Center for Visual Science, University of Rochester, Rochester,
NY, USA
Flaum Eye Institute, University of Rochester, Rochester, NY, USA

Ross F. Collery Department of Cell Biology, Neurobiology, & Anatomy, Medical
College of Wisconsin, Milwaukee, WI, USA

Department of Ophthalmology and Visual Sciences, Eye Institute, Medical College
of Wisconsin, Milwaukee, WI, USA

Rob W. J. Collin Department of Human Genetics, Radboud University Medical
Center, Nijmegen, The Netherlands
Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical
Center, Nijmegen, The Netherlands

Antonella Comitato Department of Life Sciences, University of Modena and
Reggio Emilia, Modena, Italy

Mark J. Cooper Copernicus Therapeutics, Inc., Cleveland, OH, USA

Cheryl Mae Craft Laboratory for Vision Research, USC ROSKI Eye Institute,
Department of Ophthalmology, Los Angeles, CA, USA

Department of Cell & Neurobiology, Keck School of Medicine, University of
Southern California, Los Angeles, CA, USA

Frans P. M. Cremers Department of Human Genetics, Radboud University
Medical Center, Nijmegen, The Netherlands

Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical
Center, Nijmegen, The Netherlands

Stephen P. Daiger Human Genetics Center, School of Public Health, The
University of Texas Health Science Center (UTHealth), Houston, TX, USA

Ruiz Department of Ophthalmology and Visual Science, UTHealth, Houston, TX,
USA

Conor Daly School of Biomolecular and Biomedical Science, University College
Dublin, Belfield, Ireland



Contributors XXVil

Marci L. DeRamus Department of Optometry and Vision Science, University of
Alabama at Birmingham, Birmingham, AL, USA

Anuradha Dhingra Department of Biochemistry, School of Dental Medicine,
University of Pennsylvania, Philadelphia, PA, USA

Astra Dinculescu Department of Ophthalmology, College of Medicine, University
of Florida, Gainesville, FL., USA

Xi-Qin Ding Department of Cell Biology, University of Oklahoma Health Sciences
Center, Oklahoma City, OK, USA

Natalia Dolgova Division of Experimental Retinal Therapies, Department of
Clinical Sciences and Advanced Medicine, School of Veterinary Medicine,
University of Pennsylvania, Philadelphia, PA, USA

Kevin Donaldson Department of Ophthalmology, Emory University, Atlanta, GA,
USA

Shugian Dong Department of Medicine Endocrinology, University of Oklahoma
Health Sciences Center, Oklahoma City, OK, USA

Sarah Doyle Department of Clinical Medicine, School of Medicine, Trinity
College Dublin, Dublin 2, Ireland

National Children’s Research Centre, Our Lady’s Children’s Hospital Crumlin,
Dublin 12, Ireland

Jens Duebel Sorbonne Université, INSERM, CNRS, Institut de la Vision, Paris,
France

Valerie L. Dufour Department of Clinical Studies-Philadelphia, School of
Veterinary Medicine, University of Pennsylvania, Philadelphia, PA, USA

Jianhai Du Department of Ophthalmology, University of Washington, Seattle,
WA, USA

Departments of Ophthalmology, and Biochemistry, West Virginia University,
Morgantown, WV, USA

Frank M. Dyka Department of Ophthalmology, College of Medicine, University
of Florida, Gainesville, FL., USA

Michael H. Elliott Department of Ophthalmology, University of Oklahoma Health
Science Centre, Oklahoma City, OK, USA

Marek Falkowski Departments of Ophthalmology and Biochemistry, Ross Eye
Institute, University at Buffalo, State University of New York, Buffalo, NY, USA

Salma Ferdous Department of Ophthalmology, Emory University, Atlanta, GA,
USA



XXViii Contributors

Rosario Fernandez-Godino Ocular Genomics Institute, Massachusetts Eye and
Ear Infirmary, Harvard Medical School, Boston, MA, USA

Nilisha Fernando John Curtin School of Medical Research, The Australian
National University, Canberra, ACT, Australia

J. Fielding Hejtmancik Ophthalmic Genetics and Visual Function Branch,
National Eye Institute, NIH, Bethesda, MD, USA

John G. Flannery Helen Wills Neuroscience Institute, Vision Science Graduate
Group, University of California Berkeley, Berkeley, CA, USA

Cécile Fortuny Vision Science Graduate Group, Optometry School, University of
California Berkeley, Berkeley, CA, USA

Jeanne M. Frederick Department of Ophthalmology and Visual Sciences, John
A. Moran Eye Center, University of Utah School of Medicine, Salt Lake City, UT,
USA

Yoshiyasu Fukuyama Faculty of Pharmaceutical Sciences, Tokushima Bunri
University, Tokushima, Japan

Ayako Furukawa Graduate School and Faculty of Pharmaceutical Sciences,
Suzuka University of Medical Science, Suzuka, Japan

Shuhua Fu Department of Ophthalmology, the Second Affiliated Hospital of
Nanchang University, Nanchang, China

Department of Medicine Endocrinology, University of Oklahoma Health Sciences
Center, Oklahoma City, OK, USA

Orla Galvin School of Biomolecular and Biomedical Science, University College
Dublin, Belfield, Ireland

RenaSci Limited, BioCity, Nottingham, UK

Alejandro Garanto Department of Human Genetics, Radboud University Medical
Center, Nijmegen, The Netherlands

Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical

Center, Nijmegen, The Netherlands

Eldon E. Geisert Department of Ophthalmology, Emory University, Atlanta, GA,
USA

Anna B. Graca Department of Genetics, University College London Institute of
Ophthalmology, London, UK

Felix Grassmann Institute of Human Genetics, University of Regensburg,
Regensburg, Germany

Christian Grimm Lab for Retinal Cell Biology, Department of Ophthalmology,
University Hospital Zurich, University of Zurich, Schlieren, Switzerland



Contributors XXiX

Neuroscience Center Zurich (ZNZ), University of Zurich, Zurich, Switzerland
Zurich Center for Integrative Human Physiology (ZIHP), University of Zurich,
Zurich, Switzerland

Aditya A. Guru Shiley Eye Institute, University of California San Diego, La Jolla,
CA, USA

Karina E. Guziewicz Department of Clinical Studies-Philadelphia, School of
Veterinary Medicine, University of Pennsylvania, Philadelphia, PA, USA
University of Pennsylvania, Ryan Veterinary Hospital, Philadelphia, PA, USA

Walter Habeler INSERM UMRS861, I-Stem, AFM, Corbeil-Essonnes, France
UEVE UMRS61, I-Stem, AFM, Corbeil-Essonnes, France

CECS-I-Stem, AFM, Corbeil-Essonnes, France

Stephanie A. Hagstrom Department of Ophthalmic Research, Cole Eye Institute,
Cleveland Clinic, Cleveland, OH, USA

Department of Ophthalmology, Cleveland Clinic Lerner College of Medicine of
Case Western Reserve University, Cleveland, OH, USA

John Y. S. Han Department of Pathology, Anatomy and Cell Biology, Thomas
Jefferson University, Philadelphia, PA, USA

Christin Hanke-Gogokhia Department of Ophthalmology and Visual Sciences,
John A. Moran Eye Center, University of Utah School of Medicine, Salt Lake City,
UT, USA
Department of Biochemistry and Biology, University of Potsdam, Potsdam,
Germany

Kenichi Harada Tokushima Bunri University, Tokushima, Japan

William W. Hauswirth Department of Ophthalmology, College of Medicine,
University of Florida, Gainesville, FL, USA

Departments of Ophthalmology and Molecular Genetics and Microbiology,
University of Florida, Gainesville, FL, USA

John R. Heckenlively Department of Ophthalmology and Visual Sciences,
Kellogg Eye Center, University of Michigan Medical School, Ann Arbor, MI, USA

Claire Hippert Roche, Stem Cell Platform, Chemical Biology Roche Pharma
Research and Early Development, Basel, Switzerland

Marcus J. Hooper Department of Ophthalmology, College of Medicine, University
of Florida Health Science Center, Gainesville, FL., USA

Shun-Ping Huang Department of Ophthalmology, Taichung Tzu Chi Hospital,
Taichung, Taiwan

Department of Molecular Biology and Human Genetics, Tzu Chi University,
Hualien, Taiwan



XXX Contributors

Laboratory for Vision Research, USC ROSKI Eye Institute, Department of
Ophthalmology, Los Angeles, CA, USA

Xiu-Feng Huang The Eye Hospital of Wenzhou Medical University, The State
Key Laboratory Cultivation Base and Key Laboratory of Vision Science, Ministry
of Health, Wenzhou, China

Alison Huckenpahler Department of Cell Biology, Neurobiology, & Anatomy,
Medical College of Wisconsin, Milwaukee, WI, USA

James B. Hurley Department of Ophthalmology, University of Washington,
Seattle, WA, USA
Department of Biochemistry, University of Washington, Seattle, WA, USA

Larissa Ikelle Department of Biomedical Engineering, University of Houston,
Houston, TX, USA

Cristhian J. Ildefonso Department of Ophthalmology, University of Florida
College of Medicine, Gainesville, FL., USA

Maria Iribarne Okinawa Institute of Science and Technology Graduate University,
Okinawa, Japan

Yoshihisa Ishiba Technology Development Department, Yamamoto Kogaku Co.
Ltd., Higashi-Osaka, Japan

Herbert Jigle Department of Ophthalmology, University Eye Clinic Regensburg,
Regensburg, Germany

Kaylie D. Jones The Retina Foundation of the Southwest, Dallas, TX, USA
Amir H. Kashani Department of Ophthalmology, USC Eye Institute, Keck School
of Medicine of the University of Southern California, Los Angeles, CA, USA
USC Roski Eye Institute, Los Angeles, CA, USA

Satoru Kato Wellness Promotion Science Center, Institute of Medical,
Pharmaceutical and Health Science, Kanazawa University, Kanazawa, Japan
Department of Molecular Neurobiology, Graduate School of Medicine, Kanazawa
University, Kanazawa, Japan

Gulpreet Kaur Cellular and Molecular Biology Graduate Training Program,
University of Wisconsin-Madison, Madison, WI, USA

Department of Ophthalmology and Visual Sciences, School of Medicine and Public
Health, University of Wisconsin-Madison, Madison, WI, USA

Ryan A. Kelley Department of Cell Biology, University of Oklahoma Health
Sciences Center, Oklahoma City, OK, USA

Skaggs School of Pharmacy and Pharmaceutical Sciences, University of Colorado,
Anschutz Medical Center, Aurora, CO, USA



Contributors XXXi

Breandidn N. Kennedy School of Biomolecular and Biomedical Science,
University College Dublin, Belfield, Ireland

Hemant Khanna Department of Ophthalmology and Neurobiology, UMASS
Medical School, Worcester, MA, USA

Shaheen N. Khan National Centre of Excellence in Molecular Biology, University
of the Punjab, Lahore, Pakistan

Vladimir Khristov Section on Epithelial and Retinal Physiology and Disease,
National Eye Institute, Bethesda, MD, USA

Christina Kiel Institute of Human Genetics, University of Regensburg,
Regensburg, Germany

Alice Y. Kim Department of Ophthalmology, USC Eye Institute, Keck School of
Medicine of the University of Southern California, Los Angeles, CA, USA

Byung-Jin Kim The Wilmer Eye Institute, Johns Hopkins University, School of
Medicine, Baltimore, MD, USA

Hwa Sun Kim Laboratory for Vision Research, USC ROSKI Eye Institute,
Department of Ophthalmology, Los Angeles, CA, USA

Hye Jin Kim Departments of Ophthalmology, Columbia University Medical
Center, New York, NY, USA

Kameron Kishaba Shiley Eye Institute, University of California San Diego, La
Jolla, CA, USA

Sophia-Martha Kleine Holthaus UCL Institute of Ophthalmology, Department
of Genetics & NIHR BRC at Moorfields Eye Hospital, London, UK

MRC Laboratory for Molecular Cell Biology, UCL Institute of Child Health,
Department of Genetics, Evolution and Environment, University College London,
London, UK

Mikael Klingeborn Department of Ophthalmology, Duke University, Durham,
NC, USA

Susanne F. Koch Physiological Genomics, Biomedical Center, Ludwig-
Maximilians University Munich, Planegg/Munich, Germany

Yang Kong The Jackson Laboratory, Bar Harbor, ME, USA

The Graduate School of Biomedical Science and Engineering, University of Maine,
Orono, ME, USA

Yoshiki Koriyama Graduate School and Faculty of Pharmaceutical Sciences,
Suzuka University of Medical Science, Suzuka, Japan

Hideto Koso Division of Molecular and Developmental Biology, Institute of
Medical Science, The University of Tokyo, Tokyo, Japan



