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Introduction

The Department of Ophthalmology and Visual Sciences of 
the Chinese University of Hong Kong (CUHK) is devoted 
to clinical services, research, training and education. The 
personnel and resources are shared by both clinical and 
laboratory research (Figure). Clinical research involves 
major subspecialties including corneal and external 
eye diseases, refractive surgery, cataracts, glaucoma, 
vitreoretinal diseases, orbital diseases, oculoplasties, neuro-
ophthalmic diseases and pediatric eye diseases. Clinical 
research is conducted according to the good clinical practice 
and in collaboration with the Hong Kong Eye Hospital, 
Prince of Wales Hospital, Alice Ho Nethersole Hospital 
and other local, national and overseas hospitals. We study 
disease mechanisms including degeneration, inflammation, 
ocular nerve cells, cellular dysfunctions, oxidative stress, 
neoplasm, tumor, endocrine complications and genetics. 
We also conduct research using state-of-the-art equipment 
in ophthalmic imaging, electrophysiology and angiography. 
Some of our facilities in clinical research are depicted in 
Table 1.   

For basic research, specialized equipment is installed such as 

Abstract

The Department of Ophthalmology and Visual 
Sciences of the Chinese University of Hong Kong was 
established in 1994 as the first academic ophthalmology 
department in Hong Kong. The department involves 
patient services, research, professional training, medical 
student teaching, post-graduate education, community 
services, international services and project development. 
For research, we conducted programs to advance 
ophthalmic surgery, clinical trials, epidemiology studies, 
investigative ophthalmology and basic sciences. A 
comprehensive ophthalmic research laboratory system 
is established for microscopies, genomics, molecular 
biology, cell biology, histopathology, analytical 
chemistry, experimental animals and bioinformatics. 
The Clinical Drug Trial Centre has been accredited by 
the China Food and Drug Administration since 2006. 
We work closely in clinical ophthalmology, research, 
training and education with the Shantou University /  
Chinese University of Hong Kong Joint Shantou 
International Eye Center. We have built a collaborative 
network in ophthalmic research with institutions in 
Hong Kong, mainland China and overseas. In 2015, we 
incorporated our Lim Por-yen Eye Genetics Research 
Centre, Pao So Kuk Macular Diseases Treatment 
and Research Centre and Lee Wing Kit Advanced 
Ophthalmic Training and Education Centre with the 
research laboratories to form the Chinese University of 
Hong Kong Ophthalmic Research Centre. While the 

existing Chinese University of Hong Kong Eye Centre 
mainly conducts clinical services and research, the 2 
centers work together on patient orientated research to 
advance the investigation and treatment of common and 
rare eye diseases. 
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a multi-photon confocal microscopy, fluorescence-activated 
cell sorter and a high-throughput genotyping machine 
(Table 2). Research equipment designated for animal studies 
includes multi-focal electroretinogram and optical coherence 
tomography. 

Our research has received much support from individual 
and institutional benefactors. In 2003, a generous donation 
by the late Mr Lim Por Yen enabled establishment of the 
Lim Por-yen Eye Genetics Research Centre to facilitate 
basic and translational research of genetic eye diseases. 
Another generous donation in 2005 by Mr Chang Bei Ming 
and Madam Chang Pao So Kok enabled establishment of 
the Pao So Kuk Macular Diseases Treatment and Research 
Centre to strengthen research and education in detection and 
treatment of macular diseases, including age-related macular 
degeneration (AMD), polypoidal choroidal vasculopathy 
(PCV), diabetic retinopathy, diabetic macular edema and 
retinitis pigmentosa (RP). In 2012, the establishment of the 
Lee Wing Kit Advanced Ophthalmic Training and Education 
Centre (AOTEC) raised the standard of our training, research 
and education to the next level. The AOTEC, named in 
memory of the late Mr. Lee Wing Kit, beloved father of 
the late Mr. Peter T.C. Lee, was built through a generous 
donation from Mr. Peter T.C. Lee and Mrs. Nancy Lee, with 
support from the University Grants Committee, the Hospital 
Authority, and the Food and Health Bureau of the HKSAR 
Government. Facilities in AOTEC include the Telemedicine 
Centre for international exchange of educational programs, 
grand rounds and clinical consultations, the Microsurgical 
Training Centre and the Virtual Reality Eye Surgery Training 
Laboratory. The latter 2 provide hands-on and virtual reality-

enhanced training in ophthalmic microsurgery. The Hospital 
Authority Lions Eye Bank is also housed at AOTEC. 
Recently, we were awarded the Addition, Alteration and 
Improvement grant by the University Grants Committee to 
upgrade and enhance our teaching, education and training 
facilities in clinical ophthalmology and visual sciences. 

Since 1999, we have contributed more than 1,200 
scientific articles to science citation index peer-reviewed 
international journals, including Ophthalmology, Archives 
of Ophthalmology, American Journal of Ophthalmology, 
Investigative Ophthalmology & Visual Science, Scientific 
Reports, Human Molecular Genetics, Proceedings of the 
National Academy of Sciences, American Journal of Human 
Genetics, Nature Communications, Nature Genetics and 
Science. This has been achieved through the concerted 
efforts of staff and students, as well as collaboration with our 
local, national and international colleagues. 

In this review, we describe the development of our 
laboratory-based research with emphasis on genetics, cell 
and molecular biology, and animal studies, with a brief 
discussion of future research direction.

Genetic studies

We have studied the genomics and molecular genetics of 
common complex eye diseases and rare Mendelian diseases. 
Our strategies include hypothesis-driven candidate gene 
screening and association studies, as well as the hypothesis-
free familial linkage analysis and genome-wide association 
studies. Our goals are to identify the disease-causing and 
disease-associated genes for eye diseases so as to facilitate 
early-stage clinical diagnosis, provide guidance for clinical 
treatment, and offer genetic testing and counseling.1 

Gene screening study
A genetic disease can be caused by disease-causing 
mutations in one or multiple genes, or by the interaction of 
multiple associated gene variants and environmental factors. 
A candidate gene study aims to determine the mutation 
spectrum and/or the association pattern of a specific gene 
for a disease in a population.2 This strategy is comparatively 
low cost, and the candidate gene sequences and polymorphic 
changes can be resolved by Sanger’s DNA sequencing and 
allelic discrimination (e.g. TaqMan genotyping) assays.3

Whole gene mutational screening aims to identify disease-
causing mutations. Our first candidate gene screening study 
was the sequence analysis of the PAX6 gene in a small 
number of Hong Kong Chinese patients with aniridia, in 
which 5 nonsense mutations and 1 frameshift mutation were 
discovered.4 In addition, we identified a novel mutation 
(V53A) in the myocilin (MYOC/TIGR) gene in a Chinese 
patient with primary angle closure glaucoma and 3 other 
disease-causing MYOC mutations for primary open angle 
glaucoma (POAG).5,6 In contrast, we confirmed that 
nonsense truncation mutations in MYOC are not disease-
causing,7 and we found no disease-causing mutation in 

Figure. Clinical and laboratory research at the Chinese 
University of Hong Kong Ophthalmic Research Centre.
Clinical research includes refractive surgery, cataract surgery, 
corneal transplantation, ocular imaging, ocular epidemiology, 
visual electrophysiology, as well as different retinal and corneal 
diseases. Laboratory research includes etiology, molecular 
genetics, histopathology, biochemistry and therapeutic treatment 
of various eye diseases.
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the oculomedin (OCLM/TISR) gene in Chinese POAG.8 
Moreover, we identified differential mutation patterns of the 
optineurin (OPTN),9 WD repeat domain 36 (WDR36)10 and 
neurotrophin-4 (NTF4)11 genes in Chinese POAG.

Our work on rare Mendelian eye diseases includes 
congenital cataract, corneal dystrophies, and inherited 
retinal degenerative diseases (such as RP, Bietti’s crystalline 

dystrophy, and Best vitelliform macular dystrophy). For 
different forms of congenital cataract, we identified multiple 
novel mutations in 3 different crystallin genes (αA-crystallin 
gene, CRYAA, c.34C>T and c.292G>A;12,13 βB-crystallin, 
CRYBB2, c.92C>G;14 and γD-crystallin, CRYGD, c.43C>A 
and c.494delG15,16). For late-onset Fuchs endothelial corneal 
dystrophy, 4 mutations (E399K, G709E, T754M and  
c.99-100delTC) in the solute carrier family 4, sodium borate 

Table 1. Facilities at the Chinese University of Hong Kong Eye Centre.

Clinical equipment Feature

Laser surgery / treatment

	 1.	 Allegretto wave® Eye-Q Excimer Laser Ophthalmic laser system for refractive surgery of the cornea 

	 2.	 AMO Intralase IFS Femtosecond Laser Machine Ophthalmic laser system for refractive surgery of the cornea

	 3.	 Alcon Yag Laser Capsulotomy

	 4.	 Lumenis OMNI Laser Fundal or glaucoma laser treatment

	 5.	 Topcon PASCAL Photocoagulator Laser Fundal or glaucoma laser treatment

Anterior segment

	 1.	 KONAN Specular Microscopy Endothelial cell density and cell morphology measurement

	 2.	 Zeiss Anterior Segment Optical Coherence Tomography Non-contact cross-sectional and 3D imaging for anterior segment of the eye

	 3.	 Bausch and Lomb’s Orbscan II Corneal shape measurement

	 4.	 NIDEK Pachymeter Noninvasive ultrasonic technique for corneal thickness measurement

	 5.	 Zeiss IOL Master Eyeball length, surface curvature and intraocular lens power measurement

	 6.	 Reichert Ocular Response Analyser Intraocular pressure and corneal biomechanical property measurement

	 7.	 Lumenis Allergo Topolyzer Corneal surface topographic measurement

	 8.	 NIDEK Non-contact Tonometer Intraocular pressure measurement, the fluid pressure inside the eye and central 
corneal thickness

	 9.	 OCULUS Corvis® ST Tonometer Intraocular pressure and corneal thickness measurement

Posterior segment

	 1.	 Stratus Optical Coherence Tomography System A noncontact, noninvasive diagnostic imaging technique for cross-sectional retinal 
structure analysis

	 2.	 Cirrus High-definition Optical Coherence Tomography System A noncontact, noninvasive diagnostic imaging technique for cross-sectional retinal 
structure analysis

	 3.	 Heidelberg Spectralis Optical Coherence Tomography System A noncontact, noninvasive diagnostic imaging technique for cross-sectional retinal 
structure analysis

	 4.	 Heidelberg Retinal Tomography III 3D imaging of human optic nerve head and retina.

	 5.	 Heidelberg Retinal Angiography II For red free, fluorescein angiography, fundus auto-fluorescein and indocyanine 
green angiography imaging

	 6.	 Topcon Fundus Camera Retinal image capture, including color, red free, fluorescein angiography, fundus 
auto fluorescein and indocyanine green angiography

	 7.	 Zeiss GDx VCC Scanning Laser Polarimetry Retinal nerve fiber layer thickness measurement

Ocular function

	 1.	 Espion Electroretinography System Ocular electrophysiological test including visual evoked potential, 
electroretinography and electro-oculogram

	 2.	 Veris Multifocal-electroretinography System Electrophysiological test of multifocal retinal function

	 3.	 Zeiss Humphrey Visual Field Analyzer Non-intrusive evaluation of visual field

	 4.	 Zeiss Frequency Doubling Technology Perimeter Visual field screening and full threshold testing

Other ophthalmic investigation

	 1.	 NIDEK Autorefractor Objective measurement of refractive error 

	 2.	 TOMEY Ultrasound B-scan UD-1000 Producing a 2D image inside of the eye

	 3.	 TOMEY Ultrasound A-scan Intraocular lens power calculations, axial length, anterior chamber depth, lens 
thickness and central corneal thickness measurements
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transporter, member 11 (SLC4A11) gene,17 and 2 mutations 
(D64D and N696S) in zinc finger E-box-binding homeobox 
1 (ZEB1/TCF8) gene were identified.18 In inherited retinal 
degenerative diseases, we found that disease-causing 

mutations in the rhodopsin (RHO) and retinitis pigmentosa 
1 (RP1) genes account for approximately 2.0% and 2.2% 
of our Hong Kong Chinese RP patients respectively,19-23 
a lower percentage than in Caucasians. We identified the 

Table 2. Facilities at the Chinese University of Hong Kong Ophthalmic Research Centre.

Laboratory equipment Feature

Analytical chemistry

	 1.	 Waters Solid phase extraction system A high throughput platform to purify complex samples for liquid and gas 
chromatographic analysis

	 2.	 Waters High performance liquid chromatography - Fractionating system Giving preparative separation and fractionating of a biological or herbal 
complex mixture

	 3. 	Agilent Gas chromatography mass spectrometry Perform good sensitivity and reliability of routine analysis in a test sample

	 4.	 Waters Ultra-performance Liquid Chromatograph - FLR, Pda and ECD Good resolution and accuracy for the identification and quantification of 
complex samples

	 5.	 Waters Liquid Chromatography tandem mass spectrometry Highest quality nano to microscale 2-D separation for proteomics and 
metablomics investigation

	 6. 	Agilent Liquid Chromatography tandem mass spectrometry Highest quality nano to microscale 2-D separation for proteomics and 
metablomics investigation

Animal laboratory

	 1.	 Heidelberg Spectral-domain Optical Coherence Tomography System A noncontact, noninvasive retinal imaging technique to take cross-section 
pictures of retina for live animals

	 2.	 Heidelberg Retinal Angiography II For red free, fluorescein angiography, fundus auto-fluorescein and 
indocyanine green angiography imaging.

	 3.	 Espion Electroretinography System Electrophysiological test of retinal function in animal eye diseases models

	 4.	 Zeiss surgical microscopes Surgical microscopes for animal surgery

Cell biology

	 1.	 Beckman Coulter MoFlo™ Astrios cell sorter Cell sorting with specific marker

	 2.	 Beckman Coulter Cytomics FC500 flow cytometer Cell marker analysis

	 3.	 Thermo Scientific steri-cycle carbon dioxide incubator Cultured cell incubation

	 4.	 Forma Scientific class IIA/B3 biological safety cabinet Cultured cell manipulation

	 5.	 NU-201-330E laminar fumehood Tissue dissection

	 6.	 Millipore Milli-Q Alo Water filtration

Genomics and molecular biology

	 1.	 Fluidigm EP1 genetic analysis System High throughput genotyping analysis

	 2.	 Roche LightCycler 480II Real-time polymerase chain reaction

	 3.	 Applied Biosystems 3130xl automated sequencer Direct DNA sequencing

	 4.	 BioRad ChemiDoc Immunoblotting imaging

	 5.	 BioRad PCR machines Polymerase chain reaction and molecular reactions

	 6.	 Beckman Coulter Allegra X-22R centrifuge Sample unification

	 7.	 TaiTec Hybridization Incubator Molecular reactions

	 8.	 Grant-bio orbital shaker-incubator ES-20 Bacterial cloning

Microscopy laboratory

	 1.	 Nikon A1R MP multiphoton confocal microscopy Precise fluorescence imaging

	 2.	 Nikon Eclipse Ni fluorescence microscopy General fluorescence imaging

	 3.	 Nikon Eclipse Ti inverted fluorescence microscope Live cell imaging

Pathology

	 1.	 Thermo Shandon Excelsior automatic tissue processor Preparation of tissue samples from chemical fixation to paraffin infiltration

	 2.	 Thermo Scientific CryoStar Nx50 cryostat Preparing frozen tissue sections

	 3.	 Leica RM2135 microtome Preparing paraffin sections

	 4.	 Leica EG1160 tissue embedding center Paraffin block assembling

	 5.	 Leica DMLS light microscope General slide

	 6.	 Leica M28 dissection microscope Tissue dissection
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first compound heterozygous truncation mutations in RP1 
causing autosomal recessive RP.22 In Hong Kong Chinese 
RP patients, 2.9% carry the photoreceptor-specific nuclear 
receptor (NR2E3) mutations, compared with ~1% in 
Caucasian RP patients.24 Furthermore, we identified novel 
mutations in the U5 small nuclear ribonucleoprotein 200 
kDa helicase (ASCC3L1/SNRNP200) gene,25,26 the eyes shut 
(EYS) gene,27 the adenomatous polyposis coli (APC) gene in 
familial adenomatous polyposis with congenital hypertrophy 
of the retinal pigment epithelium,28 the cytochrome P450, 
family 4, subfamily V, polypeptide 2 (CYP4V2) gene in 
Bietti’s crystalline dystrophy,29 the Bestrophin 1 (BEST1) 
gene in Best vitelliform macular dystrophy,30 the tyrosinase 
(TYR) gene for type 1 oculocutaneous albinism,31 and the 
sal-like 4 (SALL4) gene for Duane retraction syndrome.32

Familial linkage analysis
Family linkage analysis, based on the theory of linkage 
disequilibrium between known genetic markers with the 
disease-causing mutations, is a useful strategy to identify 
unknown disease-causing genes for inherited diseases that 
show a clear family history. The techniques have evolved 
from genome-wide linkage scan with microsatellite markers 
or single nucleotide polymorphisms (SNPs) to whole 
genome or exome sequencing.

Our first family linkage analysis of autosomal dominant 
high myopia on chromosome 18p revealed linkage at 
the D18S476 marker with a maximum LOD score of 2.4 
in 5 Hong Kong Chinese families.33 A novel locus for 
autosomal dominant high myopia (MYP16) on chromosome 
5p15.33-p15.2 (17.45-cM interval) was mapped in 3 Hong 
Kong Chinese families with maximum LOD score of 
4.81 at D5S2505, and the IRX2, IRX1, POLS, CCT5 and 
CTNND2 as disease-causing genes were excluded.34 For 
glaucoma, in a 27-member Filipino family with autosomal 
dominant juvenile-onset POAG, we excluded mutations 
in the MYOC, OPTN and WDR36 genes.35 Our genome-
wide scan identified the chromosomal region 5q22.1-q32 
flanked by the D5S2051 and D5S2090 markers as a novel 
locus for POAG (GLC1M), with a maximum LOD score 
of 4.82.36 We then excluded the neuregulin 2 (NRG2) and 
secreted protein acidic and rich in cysteine (SPARC) genes 
as the disease-causing gene in this locus.37,38 In another 
study, chromosome 15q22-q24, a 16.6-Mb region flanked 
by D15S1036 and rs922693 with a maximum LOD score of 
3.31, was mapped as a novel locus for autosomal dominant 
juvenile-onset POAG in a Hong Kong Chinese family.39 
The NR2E3, SMAD family member 6 (SMAD6) and ceroid-
lipofuscinosis, neuronal 6 (CLN6) genes were excluded 
as disease-causing in this locus. In collaboration with 
University College London, we confirmed in 3 Hong Kong 
Chinese autosomal recessive RP families the RP25 locus 
on chromosome 6 mapped by the 10K GeneChip Mapping 
Array.40

With the advent of next generation sequencing, including 
whole or targeted genome or exome sequencing, discovery 
of gene mutations is quick and cost-effective.41 We have 

identified novel disease-causing genes and mutations for 
inherited retinal dystrophies,42-44 including the U4/U6 
small nuclear ribonucleoprotein Prp4 (PRPF4) and 
secreted phosphoprotein 2 (SPP2) genes for autosomal 
dominant RP,45,46 Usher syndrome 2A (USH2A) mutations 
for Usher syndrome,47 as well as mutations in Bardet-
Biedl syndrome 2 (BBS2), McKusick-Kaufman syndrome 
(MKKS), ADP-ribosylation factor-like protein 6 (ARL6) and 
Meckel syndrome, type 1 (MKS1) genes for Bardet-Biedl 
syndrome.48

Genetic association study
Most common eye diseases such as AMD and POAG are 
late-onset, and their etiology is complex and a result of 
the interaction of multiple genetic and environmental risk 
factors, rather than a single mutation. It is difficult to have 
large pedigrees for linkage analysis. Association studies 
are conducted to identify the susceptibility gene variants 
that are associated with the disease phenotype, based on 
the proportional differences of a genetic polymorphism 
between patients and control subjects.49 Association studies 
can be performed on a small scale by direct sequencing or 
allelic discrimination assay, or on a genome-wide scale by 
microarray or next generation sequencing.

Our first association study was on the apolipoprotein E 
(APOE) gene in AMD, where we found no significant 
association.50 In contrast, we discovered a link between 
the APOE ε4 allele and normal tension glaucoma,51 and 
its interaction with MYOC and OPTN polymorphisms in 
normal tension glaucoma,52 while the MYOC promoter 
polymorphisms alone were not associated with POAG.53 
Moreover, we investigated other glaucoma-related loci, 
including lysyl oxidase-like protein 1 (LOXL1),54,55 tumor 
necrosis factor (TNF),56 tumor protein p53 (TP53),56 atonal 
homolog 7 (ATOH7),57 raftlin lipid raft linker 1 (RFTN1),57 
and chromosome 2p16.3,58 in POAG. For AMD, we 
investigated formyl peptide receptor 1 (FPR1),59 pigment 
epithelium-derived factor (PEDF),60 and chromosome 8p21 
and 4q12,61 as well as the complement pathway and the high-
density lipoprotein pathway. We have reported association of 
AMD with complement factor H (CFH; I62V), complement 
component 2 (C2; rs547154), and cholesteryl ester transfer 
protein (CETP; rs3764261).62-66 We also compared the 
genetics of AMD with PCV and found that most AMD genes 
are associated with PCV, some with different effect sizes, e.g. 
SNPs at the ARMS2-HTRA1 locus. We also found a PCV-
specific association with the complement component 3 (C3) 
gene and the ATP-binding cassette, subfamily G, member 
1 (ABCG1) gene.66 Since uveitis and AMD share a similar 
pathogenesis of inflammation, we tested the association 
of complement pathway genes in uveitis and identified an 
association of anterior uveitis with complement factor B 
(CFB; rs1048709),67 complement factor I (CFI; rs7356506),68 
and CFH (I62V),69,70 but not C2 . 67 The manganese 
superoxide dismutase (SOD2), chemokine (C-C motif) 
ligand 2 (CCL2) and KIAA1109 genes are also associated 
with uveitis.71,72 In addition, we confirmed the association of 
the paired box 6 (PAX6) promoter dinucleotide repeats with 
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high myopia,73,74 the endothelin 1 (EDN1) K198N variant 
with diabetic retinopathy,75 the transcription factor 4 (TCF4) 
and protein tyrosine phosphatase, receptor type G (PTPRG) 
genes with corneal dystrophies,76,77 as well as the cytotoxic 
T-lymphocyte-associated protein 4 (CTLA4) and interleukin 
13 (IL13) genes with Graves’ ophthalmopathy in the Hong 
Kong Chinese population.78,79

Since the first report of genome-wide association study 
(GWAS) for AMD was published in 2005, it has become the 
most successful technology for mapping genes associated 
with complex diseases. We reported our first GWAS, 
which was also the first Chinese GWAS in eye genetics, in 
2006 on AMD, where we discovered the high temperature 
requirement factor A1 (HTRA1) promoter polymorphism 
rs11200638 to be associated with exudative AMD in the 
Hong Kong Chinese population.80 Further fine mapping 
analysis revealed functional variants related to the disease 
pathogenesis and confirmed HTRA1 to be the strongest 
associated gene in Chinese.81,82 Our second GWAS identified 
the association of caveolin genes (CAV1/CAV2) with POAG 
in a multi-institutional collaborative project.83 Since then, we 
have collaborated with the Singapore Eye Research Institute 
and the Sichuan Provincial Key Laboratory for Human 
Disease Gene Study to discover 8 novel associated genes 
and variants for primary angle closure glaucoma (PACG; 
PLEKHA7, COL11A1, PCMTD1/ST18 and ABCC5)84,85 
as well as POAG (ABCA1, PMM2, CDKN2B-AS1 and 
TGFBR3).86,87 For myopia, our collaboration identified 
4 novel genes and loci associated with high myopia: 
chromosome 13q12.12,88 vasoactive intestinal peptide 
receptor 2 (VIPR2),89 syntrophin, beta 1 (SNTB1),89 and 
zinc finger E-box binding homeobox 2 (ZFHX1B).90 We 
also worked with the Consortium on Refractive Error and 
Myopia (CREAM), which comprised 37,382 individuals 
from 27 studies of European ancestry and 8,376 from 5 
Asian cohorts. Genome-wide meta-analysis has deciphered 
21 genes and loci associated with refractive errors (CD55, 
PRSS56, CHRNG, CACNA1D, BMP3, LAMA2, CHD7, 
TOX, ZMAT4, RORB, CYP26A1, BICC1, GRIA4, RDH5,  
PCCA, ZIC2, GJD2, RASGRF1, MYO1D, KCNJ2 and 
CNDP2),91 and 9 with axial length (ALPPL2, CD55, 
C3orf26, GJD2, LAMA2, MIP, RSPO1, ZC3H11B and 
ZNRF3).92 In the GWAS on central corneal thickness and 
keratoconus, we identified 16 associated genes and loci 
(USP37, GPR15, TIPARP, CWC27-ADAMTS6, RXRA-
COL5A1, LCN12-PTGDS, FGF9-SGCG, FOXO1, TJP1, 
AKAP13, LRRK1, CHSY1, BANP-ZNF469, HS3ST3B1-
PMP22),93 as well as on Vogt-Koyanagi-Harada syndrome, 
identifying 3 susceptibility loci (IL23R-C1orf141 on 1p31.2, 
HLA-DRB1/DQA1 on 6p21.3 and ADO-ZNF365-EGR2 on 
10q21.3).94 With the development of the next generation 
sequencing technique, novel coding variants were identified 
for neovascular AMD, including the cholesteryl ester transfer 
protein (CETP) D442G variant,95 and the ubiquitin protein 
ligase E3D (UBE3D) V379M variant.96

Although we have identified more than 70 loci/genes/
variants associated or linked with different ocular diseases, 

the role of these genes in the disease pathogeneses has not 
been determined. Biological studies would be an important 
approach to decipher the functional roles of these genetically 
identified genes and variants.

Biological studies

Biological studies at CUHK Ophthalmic Research 
Centre comprise cell and molecular biology projects and 
animal studies, providing support for genetics analysis 
and supplementing clinical investigation. We aim to (1)
characterize the function of the disease-causing/susceptible 
genes, (2) delineate the disease mechanisms, and (3) provide 
pre-clinical platforms for drug/treatment testing and disease 
modeling. 

Characterization of disease-causing/susceptible 
genes
Genetic studies, such as candidate gene screening and 
association analysis, can identify disease-causing mutations 
and susceptible variants, respectively. To delineate the 
role of pathogenic mutations or to confirm the biological 
relevance of the associated variants to the diseases, in vitro 
experiments for gene function analysis are performed.

In the γD-crystallin gene (CRYGD; c.43C>A and c.494delG) 
for congenital cataract,15,16 the c.494delG mutation deletes 
1 nucleotide in the CRYGD open reading frame and is 
predicted to cause a frameshift and an early termination of 
translational product (G165fs).16 Recombinant CRYGD 
mutant protein overexpressed in lens epithelial cell line (B3) 
leads to a reduced solubility of γD-crystallin protein and 
localization on the nuclear envelope (co-localized with lamin 
A/C), where the wildtype protein exists in both the nucleus 
and cytoplasm. The c.43C>A change is a missense mutation, 
causing the substitution of Arg at residue 15 to Ser (R15S). 
The recombinant mutant protein has similar solubility in 
detergent to the wildtype protein, but is predicted to raise 
the local hydrophobicity and create a hypothetical casein 
kinase II phosphorylation site.15 Similarly, in the αA-
crystallin gene (CRYAA, c.34C>T and c.292G>A),12,13 
the c.292G>A mutation causes the substitution of Gly at 
residue 98 to Arg (G98R). Compared to the cytoplasmic 
localization of wildtype CRYAA protein, the G98R mutant 
forms aggregates inside the endoplasmic reticulum (ER) and 
is predominantly detergent-insoluble.13 Overexpression of 
CRYAA G98R mutant protein induces ER stress in B3 cells, 
and in turn leads to cell apoptosis. The c.34C>T change in 
CRYAA is a missense mutation, causing the substitution of 
Arg at residue 12 to Cys (R12C). The R12C mutant protein 
has similar detergent-solubility and cytoplasmic localization 
to the wildtype protein, but mutant-expressing cells exhibit 
a delayed expression of HSP70, compared with wildtype-
expressing cells.12

We examined the effect of high myopia-associated 
dinucleotide repeat (AC)m(AG)n polymorphism at the PAX6 
P1 promoter on its transcriptional activity.73 Luciferase 
assays showed elevated transcriptional activity with 
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increasing length of (AC)m repeats ( (AC)Below20-22 vs (AC)20-22: 
1.27 folds, and (AC)Below20-22 vs (AC)Above20-22: 1.50 folds) 
although the transcriptional activity was not significantly 
elevated for increasing length of (AG)n repeat. At the 
same length of combined repeats, transcriptional activity 
of (AC)23(AG)6 was similar to that of (AC)21(AG)8, 
suggesting that both AC and AG repeats contributed to 
the transcriptional activity of the PAX6 P1 promoter. This 
phenomenon may be due to influence of transcription factor 
binding sites within this region.73 Gene function analysis of 
NTF4, in which we discovered mutations of POAG, showed 
that only the G157A variant protein, not the A182V variant, 
was detected by immunoblotting, while both wildtype and 
mutant NTF4 mRNA were detected after transfection.11 
Compared to wildtype NTF4 protein, the G157A variant is 
less soluble in detergent but did not affect protein trafficking. 
Both NTF4 variants impaired NTF4 protein function, in 
which HeLa cells expressing NTF4 mutants were less 
stimulated to migrate than those expressing wildtype 
protein.11

Identification of disease mechanisms
Retinoblastoma (RB) is one of the most common causes of 
cancer in children.97 Its etiology is the loss of function of 
retinoblastoma gene (RB1) alleles by loss of heterozygosity 
and gene mutations,98 but this accounts for only 80 to 90% 
of RB patients. To search for novel RB-causing mechanisms, 
we identified promoter hypermethylation and impaired 
expression in O6-methylguanine-DNA Methyltransferase 
(MGMT),99 MutL homolog 1 (MLH1),100 and RAS-
associated domain family 1A (RASSF1A) genes.101 Loss of 
heterozygosity was detected in RB on chromosome 19, 20, 
21, 22 and X,102 whereas allelic loss at chromosome 13q31 
with reduction in glypican 6 (GPC6) gene expression was 
found in 92% of RB patients.103 In addition, B lymphoma 
Mo-MLV insertion region 1 (BMI1) is widely expressed in 
human RB, and it stimulates RB cell (Y79) proliferation and 
suppresses apoptosis with reduced expression of p14ARF 
and p16INK4 and upregulation of cyclin D1 and D2 as well 
as CHX10 and RAX.104

Ocular hypertension is the major risk factor for glaucoma. 
We established an experimental animal model to mimic 
ocular hypertension and retinal ganglion cell degeneration. 
We found that the JAK/STAT pathway, PI3K/AKT pathway 
and macrophages had a detrimental effect on RGC survival 
in rodents after acute ocular hypertension.105-107 Acute 
intraocular pressure (IOP) elevation activates JAK/STAT 
pathway in RGCs, and blockage of JAK/STAT pathway by 
pathway inhibitor (AG490) further enhances RGC death 
when IOP is elevated.105 Similarly, acute IOP elevation 
activates PI3K/AKT pathway in the inner nuclear layer 
and ganglion cell layer, where inhibition of PI3K/AKT 
pathway by inhibitors (LY294002 and KY12420) leads to 
RGC loss in rats after acute IOP elevation.106 Interestingly, 
there are different responses of macrophages on RGC 
survival in rats with different autoimmune backgrounds. 
A significant increase in the number of macrophages and 
extensive RGC loss occurred in experimental autoimmune 

encephalomyelitis (EAE)-vulnerable Lewis rats after acute 
IOP elevation, but not in EAE-resistant Fischer 344 and 
Sprague Dawley (SD) rats. Removal of macrophages in 
Lewis rats but not in Fischer and SD rats reduced the extent 
of RGC loss.107 Macrophage activation by zymosan had a 
detrimental effect on RGC survival in Fischer and SD rats 
after acute IOP elevation, confirming the negative effect of 
macrophages on RGC survival under ocular hypertension. 
Moreover, ocular hypertension can also be induced by the 
use of steroid, such as dexamethasone and triamcinolone that 
disrupts the trabecular meshwork (TM) cells.108 To delineate 
this pathogenic mechanism, we performed global gene 
expression profiling on dexamethasone and triamcinolone 
acetonide-treated TM cells in culture by microarray.109,110 We 
found 29 genes differentially expressed in dexamethasone-
treated cells and 57 genes differentially expressed in 
triamcinolone-treated cells. MYOC, GAS1, SENP1, ZNF343 
and SOX30 are the common genes regulated by both 
dexamethasone and triamcinolone.

The etiology of AMD is multi-factorial and influenced 
by environmental factors such as cigarette smoking and 
diabetes mellitus.111,112 Vascular endothelial growth factor 
(VEGF), one of the initiators of choroidal neovascularization 
in exudative AMD, is highly expressed in aqueous humor 
of exudative AMD patients compared with controls, 
whereas pigment epithelial-derived factor (PEDF), acting 
antagonistically to VEGF,113 also shows increased levels in 
exudative AMD patients.114 Higher baseline aqueous VEGF 
level is associated with persistent angiographic leakage in 
exudative AMD patients.115 In exudative AMD patients with 
3 monthly intravitreal anti-VEGF agent (Avastin) injections, 
aqueous VEGF level reduced from 102.6 pg/mL at baseline 
to 18.3 pg/mL after 2 months, whereas PEDF level increased 
from 11.2 ng/mL at baseline to 38.7 ng/mL.116 There was 
also significant central foveal thickness reduction at 6 
months after Avastin injection.115 Although the HTRA1 gene 
shows a strong association with AMD,117 the HTRA1 protein 
in vitreous humor is associated with VEGF (r = 0.650), 
especially in patients with retinal detachment (r = 0.835).118 
In cultured human fetal RPE cells, upon stress induction 
by tunicamycin and dithiothreitol, HTRA1 and VEGFA 
expression is upregulated, but the 2 genes do not mutually 
regulate each other.118

MicroRNAs (miRNAs) are important in regulating cellular 
physiological functions, including stem cell differentiation 
and regenerative properties. We conducted global microRNA 
profiling for human limbal stem cells and central corneal 
epithelial cells and found that miRNA-145 promotes 
limbal stem cell differentiation by suppressing integrin β8 
(ITGB8) expression.119 In addition to miRNA-145, there 
are 36 microRNAs enriched in the limbal region, including 
miRNA-10b, 126, 143 and 155.120 The target genes 
regulated by these miRNAs are involved in cell survival, 
cell apoptosis, cell movement, cell-matrix interaction, cell-
cell adhesion as well as pathways of immune response and 
cellular protection. Apart from corneal cell differentiation, 
we also found miRNAs regulated retinal differentiation from 
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stem cells.121 We have identified 71 differentially expressed 
human miRNAs in the retinal differentiation process of 
human periodontal ligament-derived stem cells (PDLSCs). 
The predicted miRNA target genes are closely related to 
neuronal differentiation processes, and 2 of them (VEGF 
and PTEN) are significantly upregulated during the retinal 
differentiation process. Furthermore, we have delineated the 
miRNA profile of nicotine-treated PDLSCs and identified 
16 differentially expressed human miRNAs.122 Among 
them, miRNA-1305 and miRNA-18b were significantly 
upregulated in PDLSCs obtained from cigarette smokers 
compared with those from non-smokers.123 

Pre-clinical drug testing and experimental disease 
modeling
We have been working on herbal chemicals, small molecules 
and stem cells. We have selected herbal molecules with 
known chemical structure and reported benefits to vision. 
We have shown that green tea extract and its biological 
active components (catechins) can be easily taken up by the 
digestive system and distributed to different organs through 
circulation within 1 hour.124,125 Although epigallocatechin 
gallate, the most abundant catechin in green tea extract, is a 
powerful antioxidant,126 it can induce caudal retardation with 
abnormal axial flexion and delayed hind-limb formation 
in rat embryos.127 A high dose (550 mg/kg) of green tea 
extract can increase oxidative stress in plasma, aqueous 
humor, vitreous humor, cornea and retina, but decrease it in 
the lens and choroid-sclera.128 Oral administration of a high 
dose of green tea extract can alleviate ocular inflammation 
in a rat model of endotoxin-induced uveitis by reducing 
infiltrating leucocytes and macrophages, protein exudation 
in aqueous humor, the production of TNF-α, IL-6 and MCP-
1 in aqueous humor, as well as downregulation of Toll-
like receptor 4 (TLR-4), CD14 and nuclear factor-kappa B  
(NF-κB p65) in the iris and ciliary body.129 In addition to 
anti-oxidation and anti-inflammation, epigallocatechin 
gallate, together with isoliquiritigenin from licorice and 
resveratrol from grapes, are anti-angiogenic. They can 
suppress VEGF-induced human umbilical vein endothelial 
cell proliferation and migration by activating focal adhesion 
kinase and upregulating PEDF.130,131 Topical application of 
ginkgo biloba extract can result in steroid-induced changes 
in trabecular meshwork and lower the IOP in rabbits.132

Small molecules can reduce mutant protein misfolding 
and alleviate the ER stress response. We identified D384N 
mutation in MYOC gene from a POAG family with reduced 
protein solubility, aggregation-prone and nonsecreted.133 
Treatment with trimethylamine N-oxide (TMAO) improved 
the solubility of the D384N mutant, reduced its distribution 
in ER, alleviated ER stress, and rescued the cells from 
apoptosis. Meanwhile, TMAO treatment can induce 
moderate upregulation of heat shock protein 70 (HSP70). 
Coherently, TMAO suppressed corneal dystrophy-causing 
R124C transforming growth factor beta-induced (TGFBI) 
mutant-induced amyloid-beta (Aβ) fibrillar aggregation.134 
Another chemical chaperone, sodium 4-phenylbutyrate 
(4-PBA), can ameliorate cataract-causing G165fsX8 

mutant of γD-crystallin protein insolubility and relieve its 
mislocalization from nuclear envelope. In addition, 4-PBA 
treatment can reduce cell apoptosis and upregulate HSP70 
expression.135 We investigated the therapeutic effect of 
neuropeptides in different ocular diseases and reported the 
extra-pituitary effect of growth hormone releasing-hormone 
receptor antagonist to alleviate endotoxin-induced ocular 
inflammation in an experimental animal model.136

Stem cells participate in disease pathogenesis and can be 
used in regenerative medicine.137-139 Our center has a strong 
interest in tissue-specific stem cells (human adult stem 
cells), especially limbal progenitor cells, retinal progenitor 
cells and mesenchymal stem cells. We studied the ex 
vivo expansion of human limbal epithelial cells,140 and 
the nuclear matrix changes in long-term culture of limbal 
epithelial cells.141 Subsequently, we delineated the miRNA 
profile of human limbal progenitor cells and central corneal 
cells.119,120 We also investigated the application of stem 
cells for retinal diseases.142-144 We used a novel approach 
to study retinal cells by the trans-differentiation ability of 
human mesenchymal stem cells. In collaboration with the 
University of Miami, we directed human mesenchymal stem 
cells obtained from periodontal ligament to a retinal fate, 
expressing retinal lineage markers, including PAX6, RAX 
and rhodopsin.145 We modified our initial induction protocol 
to direct human PDLSCs into retinal ganglion-like cells.123 
The differentiated PDLSCs expressed neuronal and retinal 
ganglion cell markers (ATOH7, POU4F2, β-III tubulin, 
MAP2, TAU, NEUROD1 and SIX3), formed synapses and 
gave glutamate-induced calcium responses with spontaneous 
electrical activity, indicating that the trans-differentiated 
stem cells exhibited the characteristics of functional neurons.

Future directions

The CUHK Ophthalmic Research Centre is equipped with 
different advanced research technologies. We are one of 
the pioneers in the field of in vivo imaging to monitor the 
progression of disease phenotypes and treatment responses in 
animals.146 We have established animal models of glaucoma, 
optic nerve injury and AMD to serve as a platform for in 
vivo pre-clinical drug testing and disease pathogenesis 
studies.147-150

In eye genetics, although we have identified more than 70 
loci/genes/variants associated or linked with different ocular 
diseases, the role of these genes/variants in the disease 
pathogenesis or protein function is yet to be characterized. 
In vitro cellular and molecular studies as well as animal 
experiments are important strategies to decipher the disease-
causing mechanisms of these genetically identified genes 
and variants. Our research direction is disease-orientated 
and translational. We will focus on disease mechanism, 
drug discovery, molecular disease diagnosis, biomarker 
identification and advancing therapeutic treatments.

We find it a great privilege to have clinical ophthalmologists, 
visual scientists, and research students working together at 



60

Perspective

HKJOphthalmol      Vol.20 No.2

References
1.	 Pang CP, Baum L, Lam DS. Hunting for disease genes in 

multi-functional diseases. Clin Chem Lab Med. 2000;38:819-
25.

2.	 Pang CP, Lam DS. Differential occurrence of mutations 
causative of eye diseases in the Chinese population. Hum 
Mutat. 2002;19:189-208.

3.	 Leung YF, Tam PO, Baum L, Chan WM, Lam DS, Pang 
CP. Cost savings using automated DNA sequencing. 
Biotechniques. 2000;29:544.

4.	 Baum L, Pang CP, Fan DS, et al. Run-on mutation and three 
novel nonsense mutations identified in the PAX6 gene in 
patients with aniridia. Hum Mutat. 1999;14:272-3.

5.	 Pang CP, Leung YF, Chua JK, Baum L, Fan DS, Lam DS. 
Novel TIGR sequence alteration Val53Ala. Hum Mutat. 
2000;15:122.

6.	 Pang CP, Leung YF, Fan B, et al. TIGR/MYOC gene sequence 
alterations in individuals with and without primary open-
angle glaucoma. Invest Ophthalmol Vis Sci. 2002;43:3231-5.

7.	 Lam DS, Leung YF, Chua JK, et al. Truncations in the TIGR 
gene in individuals with and without primary open-angle 
glaucoma. Invest Ophthalmol Vis Sci. 2000;41:1386-91.

8.	 Leung YF, Baum L, Lam DS, Fan DS, Chua JK, Pang CP. 
Absence of trabecular meshwork-inducible stretch response 
(TISR)/oculomedin gene and proximal promoter mutation 
in primary open angle glaucoma patients. Hum Genet. 
2000;107:404-5.

9.	 Leung YF, Fan BJ, Lam DS, et al. Different optineurin 
mutation pattern in primary open-angle glaucoma. Invest 
Ophthalmol Vis Sci. 2003;44:3880-4.

10.	 Fan BJ, Wang DY, Cheng CY, Ko WC, Lam SC, Pang CP. 
Different WDR36 mutation pattern in Chinese patients with 
primary open-angle glaucoma. Mol Vis. 2009;15:646-53.

11.	 Chen LJ, Ng TK, Fan AH, et al. Evaluation of NTF4 as a 
causative gene for primary open-angle glaucoma. Mol Vis. 
2012;18:1763-72.

12.	 Zhang LY, Yam GH, Tam PO, et al. An alphaA-crystallin 
gene mutation, Arg12Cys, causing inherited cataract-
microcornea exhibits an altered heat-shock response. Mol Vis. 
2009;15:1127-38.

13.	 Gong B, Zhang LY, Pang CP, Lam DS, Yam GH. 
Trimethylamine N-oxide alleviates the severe aggregation 
and ER stress caused by G98R alphaA-crystallin. Mol Vis. 
2009;15:2829-40.

14.	 Lou D, Tong JP, Zhang LY, Chiang SW, Lam DS, Pang CP. A 
novel mutation in CRYBB2 responsible for inherited coronary 
cataract. Eye (Lond). 2009;23:1213-20.

15. 	 Zhang LY, Yam GH, Fan DS, Tam PO, Lam DS, Pang CP. A 
novel deletion variant of gammaD-crystallin responsible for 

congenital nuclear cataract. Mol Vis. 2007;13:2096-104.
16.	 Zhang LY, Gong B, Tong JP, et al. A novel gammaD-crystallin 

mutation causes mild changes in protein properties but leads 
to congenital coralliform cataract. Mol Vis. 2009;15:1521-9.

17.	 Vithana EN, Morgan PE, Ramprasad V, et al. SLC4A11 
mutations in Fuchs endothelial corneal dystrophy. Hum Mol 
Genet. 2008;17:656-66.

18.	 Mehta JS, Vithana EN, Tan DT, et al. Analysis of the posterior 
polymorphous corneal dystrophy 3 gene, TCF8, in late-onset 
Fuchs endothelial corneal dystrophy. Invest Ophthalmol Vis 
Sci. 2008;49:184-8.

19.	 Chan WM, Yeung KY, Pang CP, et al. Rhodopsin mutations in 
Chinese patients with retinitis pigmentosa. Br J Ophthalmol. 
2001;85:1046-8.

20.	 Baum L, Chan WM, Yeung KY, Lam DS, Kwok AK, Pang 
CP. RP1 in Chinese: Eight novel variants and evidence that 
truncation of the extreme C-terminal does not cause retinitis 
pigmentosa. Hum Mutat. 2001;17:436.

21.	 Chiang SW, Wang DY, Chan WM, et al. A novel missense RP1 
mutation in retinitis pigmentosa. Eye (Lond). 2006;20:602-5.

22.	 Chen LJ, Lai TY, Tam PO, et al. Compound heterozygosity 
of two novel truncation mutations in RP1 causing autosomal 
recessive retinitis pigmentosa. Invest Ophthalmol Vis Sci. 
2010;51:2236-42.

23.	 Zhang X, Chen LJ, Law JP, et al. Differential pattern of RP1 
mutations in retinitis pigmentosa. Mol Vis. 2010;16:1353-60.

24.	 Yang Y, Zhang X, Chen LJ, et al. Association of NR2E3 but 
not NRL mutations with retinitis pigmentosa in the Chinese 
population. Invest Ophthalmol Vis Sci. 2010;51:2229-35.

25.	 Zhao C, Bellur DL, Lu S, et al. Autosomal-dominant retinitis 
pigmentosa caused by a mutation in SNRNP200, a gene 
required for unwinding of U4/U6 snRNAs. Am J Hum Genet. 
2009;85:617-27.

26.	 Zhang X, Lai TY, Chiang SW, et al. Contribution of SNRNP200 
sequence variations to retinitis pigmentosa. Eye (Lond). 
2013;27:1204-13.

27.	 Abd El-Aziz MM, O’Driscoll CA, Kaye RS, et al. Identification 
of novel mutations in the ortholog of Drosophila eyes shut 
gene (EYS) causing autosomal recessive retinitis pigmentosa. 
Invest Ophthalmol Vis Sci. 2010;51:4266-72.

28. 	 Pang CP, Fan DS, Keung JW, et al. Congenital hypertrophy of 
the retinal pigment epithelium and APC mutations in Chinese 
with familial adenomatous polyposis. Ophthalmologica. 
2001;215:408-11.

29.	 Lai TY, Ng TK, Tam PO, et al. Genotype phenotype analysis 
of Bietti’s crystalline dystrophy in patients with CYP4V2 
mutations. Invest Ophthalmol Vis Sci. 2007;48:5212-20.

30.	 Wong RL, Hou P, Choy KW, et al. Novel and homozygous 
BEST1 mutations in Chinese patients with Best vitelliform 
macular dystrophy. Retina. 2010;30:820-7.

the CUHK Ophthalmic Research Centre. We look forward 
to more collaborative research projects with colleagues to 
advance ophthalmology and visual sciences in Hong Kong 
and regions beyond.

Acknowledgments

We thank all colleagues and students of the Department of 
Ophthalmology and Visual Sciences, the Chinese University 
of Hong Kong for their work in all research projects. We are 

indebted to patients and their families for participation in 
our studies. These studies were supported in part by grants 
from the Research Grants Council of the University Grants 
Committee Hong Kong, an Endowment Fund for Lim Por-
Yen Eye Genetics Research Centre, and research grants from 
the Medical Panel, the Chinese University of Hong Kong.

Declarations

The authors declared no competing financial interests.



61

Perspective

HKJOphthalmol	       Vol.20 No.2

31.	 Liu J, Choy KW, Chan LW, et al. Tyrosinase gene (TYR) 
mutations in Chinese patients with oculocutaneous albinism 
type 1. Clin Experiment Ophthalmol. 2010;38:37-42.

32.	 Yang MM, Ho M, Lau HH, et al. Diversified clinical 
presentations associated with a novel sal-like 4 gene 
mutation in a Chinese pedigree with Duane retraction 
syndrome. Mol Vis. 2013;19:986-94.

33.	 Lam DS, Tam PO, Fan DS, Baum L, Leung YF, Pang 
CP. Familial high myopia linkage to chromosome 18p. 
Ophthalmologica. 2003;217:115-8.

34.	 Lam CY, Tam PO, Fan DS, et al. A genome-wide scan maps 
a novel high myopia locus to 5p15. Invest Ophthalmol Vis 
Sci. 2008;49:3768-78.

35.	 Wang DY, Fan BJ, Canlas O, et al. Absence of myocilin 
and optineurin mutations in a large Philippine family with 
juvenile onset primary open angle glaucoma. Mol Vis. 
2004;10:851-6.

36.	 Pang CP, Fan BJ, Canlas O, et al. A genome-wide scan 
maps a novel juvenile-onset primary open angle glaucoma 
locus to chromosome 5q. Mol Vis. 2006;12:85-92.

37.	 Fan BJ, Ko WC, Wang DY, et al. Fine mapping of new 
glaucoma locus GLC1M and exclusion of neuregulin 2 as 
the causative gene. Mol Vis. 2007;13:779-84.

38.	 Chen LJ, Tam PO, Tham CC, et al. Evaluation of SPARC 
as a candidate gene of juvenile-onset primary open-angle 
glaucoma by mutation and copy number analyses. Mol Vis. 
2010;16:2016-25.

39.	 Wang DY, Fan BJ, Chua JK, et al. A genome-wide scan 
maps a novel juvenile-onset primary open-angle glaucoma 
locus to 15q. Invest Ophthalmol Vis Sci. 2006;47:5315-21.

40.	 Abd El-Aziz MM, El-Ashry MF, Chan WM, et al. A novel 
genetic study of Chinese families with autosomal recessive 
retinitis pigmentosa. Ann Hum Genet. 2007;71:281-94.

41.	 Chen JH, Qiu J, Chen H, Pang CP, Zhang M. Rapid and 
cost-effective molecular diagnosis using exome sequencing 
of one proband with autosomal dominant congenital 
cataract. Eye (Lond). 2014;28:1511-6.

42.	 Chen X, Zhao K, Sheng X, et al. Targeted sequencing of 179 
genes associated with hereditary retinal dystrophies and 10 
candidate genes identifies novel and known mutations in 
patients with various retinal diseases. Invest Ophthalmol Vis 
Sci. 2013;54:2186-97.

43.	 Wu J, Chen L, Tam OS, Huang XF, Pang CP, Jin ZB. 
Whole exome sequencing reveals genetic predisposition in 
a large family with retinitis pigmentosa. Biomed Res Int. 
2014;2014:302487.

44.	 Huang XF, Huang F, Wu KC, et al. Genotype-phenotype 
correlation and mutation spectrum in a large cohort of 
patients with inherited retinal dystrophy revealed by next-
generation sequencing. Genet Med. 2015;17:271-8.

45.	 Chen X, Liu Y, Sheng X, et al. PRPF4 mutations cause 
autosomal dominant retinitis pigmentosa. Hum Mol Genet. 
2014;23:2926-39.

46.	 Liu Y, Chen X, Xu Q, et al. SPP2 mutations cause autosomal 
dominant retinitis pigmentosa. Sci Rep. 2015;5:14867.

47.	 Huang XF, Xiang P, Chen J, et al. Targeted exome 
sequencing identified novel USH2A mutations in Usher 
syndrome families. PLoS One. 2013;8:e63832.

48.	 Xing DJ, Zhang HX, Huang N, et al. Comprehensive 
molecular diagnosis of Bardet-Biedl syndrome by high-
throughput targeted exome sequencing. PLoS One. 
2014;9:e90599.

49.	 Fan BJ, Wang DY, Lam DS, Pang CP. Gene mapping for 
primary open angle glaucoma. Clin Biochem. 2006;39:249-
58.

50.	 Pang CP, Baum L, Chan WM, Lau TC, Poon PM, Lam 

DS. The apolipoprotein E epsilon4 allele is unlikely to be 
a major risk factor of age-related macular degeneration in 
Chinese. Ophthalmologica. 2000;214:289-91.

51.	 Lam CY, Fan BJ, Wang DY, et al. Association of 
apolipoprotein E polymorphisms with normal tension 
glaucoma in a Chinese population. J Glaucoma. 
2006;15:218-22.

52.	 Fan BJ, Wang DY, Fan DS, et al. SNPs and interaction 
analyses of myocilin, optineurin, and apolipoprotein 
E in primary open angle glaucoma patients. Mol Vis. 
2005;11:625-31.

53.	 Fan BJ, Leung YF, Pang CP, et al. Polymorphisms in the 
myocilin promoter unrelated to the risk and severity of 
primary open-angle glaucoma. J Glaucoma. 2004;13:377-
84.

54.	 Gong WF, Chiang SW, Chen LJ, et al. Evaluation of 
LOXL1 polymorphisms in primary open-angle glaucoma in 
southern and northern Chinese. Mol Vis. 2008;14:2381-9.

55.	 Chen H, Chen LJ, Zhang M, et al. Ethnicity-based subgroup 
meta-analysis of the association of LOXL1 polymorphisms 
with glaucoma. Mol Vis. 2010;16:167-77.

56.	 Fan BJ, Liu K, Wang DY, e t al . Associat ion of 
polymorphisms of tumor necrosis factor and tumor protein 
p53 with primary open-angle glaucoma. Invest Ophthalmol 
Vis Sci. 2010;51:4110-6.

57.	 Chen JH, Wang D, Huang C, et al. Interactive effects 
of ATOH7 and RFTN1 in association with adult-onset 
primary open-angle glaucoma. Invest Ophthalmol Vis Sci. 
2012;53:779-85.

58.	 Chen LJ, Tam PO, Leung DY, et al. SNP rs1533428 at 
2p16.3 as a marker for late-onset primary open-angle 
glaucoma. Mol Vis. 2012;18:1629-39.

59.	 Liang XY, Chen LJ, Ng TK, et al. FPR1 interacts with CFH, 
HTRA1 and smoking in exudative age-related macular 
degeneration and polypoidal choroidal vasculopathy. Eye 
(Lond). 2014;28:1502-10.

60.	 Ma L, Tang SM, Rong SS, et al. Association of PEDF 
polymorphisms with age-related macular degeneration and 
polypoidal choroidal vasculopathy: a systematic review and 
meta-analysis. Sci Rep. 2015;5:9497.

61.	 Nakata I, Yamashiro K, Akagi-Kurashige Y, et al. 
Association of genetic variants on 8p21 and 4q12 with age-
related macular degeneration in Asian populations. Invest 
Ophthalmol Vis Sci. 2012;53:6576-81.

62.	 Ng TK, Chen LJ , L iu DT, e t a l . Mul t ip le gene 
polymorphisms in the complement factor h gene are 
associated with exudative age-related macular degeneration 
in Chinese. Invest Ophthalmol Vis Sci. 2008;49:3312-7.

63.	 Chen LJ, Liu DT, Tam PO, et al. Association of complement 
factor H polymorphisms with exudative age-related macular 
degeneration. Mol Vis. 2006;12:1536-42.

64.	 Liu K, Chen LJ, Tam PO, et al. Associations of the C2-
CFB-RDBP-SKIV2L locus with age-related macular 
degeneration and polypoidal choroidal vasculopathy. 
Ophthalmology. 2013;120:837-43.

65.	 Liu K, Lai TY, Ma L, et al. Ethnic differences in the 
association of SERPING1 with age-related macular 
degeneration and polypoidal choroidal vasculopathy. Sci 
Rep. 2015;5:9424.

66.	 Liu K, Chen LJ, Lai TY, et al. Genes in the high-density 
lipoprotein metabolic pathway in age-related macular 
degeneration and polypoidal choroidal vasculopathy. 
Ophthalmology. 2014;121:911-6.

67.	 Yang MM, Lai TY, Tam PO, et al. Association of C2 
and CFB polymorphisms with anterior uveitis. Invest 
Ophthalmol Vis Sci. 2012;53:4969-74.



62

Perspective

HKJOphthalmol      Vol.20 No.2

68.	 Wang Y, Huang XF, Yang MM, et al. CFI-rs7356506 is 
a genetic protective factor for acute anterior uveitis in 
Chinese patients. Br J Ophthalmol. 2014;98:1592-6.

69.	 Yang MM, Lai TY, Tam PO, et al. CFH 184G as a genetic 
risk marker for anterior uveitis in Chinese females. Mol Vis. 
2011;17:2655-64.

70.	 Yang MM, Lai TY, Tam PO, et al. Association of CFH and 
SERPING1 polymorphisms with anterior uveitis. Br J 
Ophthalmol. 2013;97:1475-80.

71.	 Lan C, Tam PO, Chiang SW, et al. Manganese superoxide 
dismutase and chemokine genes polymorphisms in Chinese 
patients with anterior uveitis. Invest Ophthalmol Vis Sci. 
2009;50:5596-600.

72.	 Yang MM, Lai TY, Tam PO, et al. Complement factor H 
and interleukin gene polymorphisms in patients with non-
infectious intermediate and posterior uveitis. Mol Vis. 
2012;18:1865-72.

73.	 Ng TK, Lam CY, Lam DS, et al. AC and AG dinucleotide 
repeats in the PAX6 P1 promoter are associated with high 
myopia. Mol Vis. 2009;15:2239-48.

74.	 Tang SM, Rong SS, Young AL, Tam PO, Pang CP, Chen LJ. 
PAX6 gene associated with high myopia: a meta-analysis. 
Optom Vis Sci. 2014;91:419-29.

75.	 Li H, Louey JW, Choy KW, et al. EDN1 Lys198Asn is 
associated with diabetic retinopathy in type 2 diabetes. Mol 
Vis. 2008;14:1698-704.

76.	 Wang KJ, Jhanji V, Chen J, et al. Association of transcription 
factor 4 (TCF4) and protein tyrosine phosphatase, receptor 
type G (PTPRG) with corneal dystrophies in southern 
Chinese. Ophthalmic Genet. 2014;35:138-41.

77.	 Lau LC, Ma L, Young AL, et al. Association of common 
variants in TCF4 and PTPRG with Fuchs’ corneal 
dystrophy: a systematic review and meta-analysis. PLoS 
One. 2014;9:e109142.

78.	 Chong KK, Chiang SW, Wong GW, et al. Association of 
CTLA-4 and IL-13 gene polymorphisms with Graves’ 
disease and ophthalmopathy in Chinese children. Invest 
Ophthalmol Vis Sci. 2008;49:2409-15.

79.	 Wong KH, Rong SS, Chong KK, Young AL, Pang CP, Chen 
LJ. Genetic associations of interleukin-related genes with 
Graves’ ophthalmopathy: a systematic review and meta-
analysis. Sci Rep. 2015;5:16672.

80.	 Dewan A, Liu M, Hartman S, et al. HTRA1 promoter 
polymorphism in wet age-related macular degeneration. 
Science. 2006;314:989-92.

81.	 Tam PO, Ng TK, Liu DT, et al. HTRA1 variants in exudative 
age-related macular degeneration and interactions 
with smoking and CFH. Invest Ophthalmol Vis Sci. 
2008;49:2357-65.

82.	 Liang XY, Lai TY, Liu DT, et al. Differentiation of exudative 
age-related macular degeneration and polypoidal 
choroidal vasculopathy in the ARMS2/HTRA1 locus. Invest 
Ophthalmol Vis Sci. 2012;53:3175-82.

83.	 Thorleifsson G, Walters GB, Hewitt AW, et al. Common 
variants near CAV1 and CAV2 are associated with primary 
open-angle glaucoma. Nat Genet. 2010;42:906-9.

84.	 Vithana EN, Khor CC, Qiao C, et al. Genome-wide 
association analyses identify three new susceptibility loci for 
primary angle closure glaucoma. Nat Genet. 2012;44:1142-
6.

85.	 Nongpiur ME, Khor CC, Jia H, et al. ABCC5, a gene 
that influences the anterior chamber depth, is associated 
with primary angle closure glaucoma. PLoS Genet. 
2014;10:e1004089.

86.	 Chen Y, Lin Y, Vithana EN, et al. Common variants near 
ABCA1 and in PMM2 are associated with primary open-

angle glaucoma. Nat Genet. 2014;46:1115-9.
87.	 Li Z, Allingham RR, Nakano M, et al. A common variant 

near TGFBR3 is associated with primary open angle 
glaucoma. Hum Mol Genet. 2015;24:3880-92.

88.	 Shi Y, Qu J, Zhang D, et al. Genetic variants at 13q12.12 
are associated with high myopia in the Han Chinese 
population. Am J Hum Genet. 2011;88:805-13.

89.	 Shi Y, Gong B, Chen L, et al. A genome-wide meta-analysis 
identifies two novel loci associated with high myopia in the 
Han Chinese population. Hum Mol Genet. 2013;22:2325-
33.

90.	 Khor CC, Miyake M, Chen LJ, et al. Genome-wide 
association study identifies ZFHX1B as a susceptibility 
locus for severe myopia. Hum Mol Genet. 2013;22:5288-
94.

91.	 Verhoeven VJ, Hysi PG, Wojciechowski R, et al. Genome-
wide meta-analyses of multiancestry cohorts identify 
multiple new susceptibility loci for refractive error and 
myopia. Nat Genet. 2013;45:314-8.

92.	 Cheng CY, Schache M, Ikram MK, et al. Nine loci for ocular 
axial length identified through genome-wide association 
studies, including shared loci with refractive error. Am J 
Hum Genet. 2013;93:264-77.

93.	 Lu Y, Vitart V, Burdon KP, et al. Genome-wide association 
analyses identify multiple loci associated with central 
corneal thickness and keratoconus. Nat Genet. 
2013;45:155-63.

94.	 Hou S, Du L, Lei B, et al. Genome-wide association 
analysis of Vogt-Koyanagi-Harada syndrome identifies two 
new susceptibility loci at 1p31.2 and 10q21.3. Nat Genet. 
2014;46:1007-11.

95.	 Cheng CY, Yamashiro K, Chen LJ, et al. New loci and 
coding variants confer risk for age-related macular 
degeneration in East Asians. Nat Commun. 2015;6:6063.

96.	 Huang LZ, Li YJ, Xie XF, et al. Whole-exome sequencing 
implicates UBE3D in age-related macular degeneration in 
East Asian populations. Nat Commun. 2015;6:6687.

97.	 Lau CS, Choy KW, Fan DS, et al. Prenatal screening 
for retinoblastoma in Hong Kong. Hong Kong Med J. 
2008;14:391-4.

98.	 Choy KW, Pang CP, Yu CB, et al. Loss of heterozygosity 
and mutations are the major mechanisms of RB1 gene 
inactivation in Chinese with sporadic retinoblastoma. Hum 
Mutat. 2002;20:408.

99.	 Choy KW, Pang CP, To KF, Yu CB, Ng JS, Lam DS. 
Impaired expression and promotor hypermethylation of O6-
methylguanine-DNA methyltransferase in retinoblastoma 
tissues. Invest Ophthalmol Vis Sci. 2002;43:1344-9.

100.	Choy KW, Pang CP, Fan DS, et al. Microsatellite instability 
and MLH1 promoter methylation in human retinoblastoma. 
Invest Ophthalmol Vis Sci. 2004;45:3404-9.

101.	Choy KW, Lee TC, Cheung KF, et al. Clinical implications 
of promoter hypermethylation in RASSF1A and MGMT in 
retinoblastoma. Neoplasia. 2005;7:200-6.

102.	Huang Q, Choy KW, Cheung KF, Lam DS, Fu WL, Pang 
CP. Genetic alterations on chromosome 19, 20, 21, 22, 
and X detected by loss of heterozygosity analysis in 
retinoblastoma. Mol Vis. 2003;9:502-7.

103.	Lau CS, Yu CB, Wong HK, et al. Allelic imbalance at 13q31 
is associated with reduced GPC6 in Chinese with sporadic 
retinoblastoma. Br J Ophthalmol. 2010;94:357-62.

104.	Ren R, Liu W, Huang L, et al. Role of B lymphoma Mo-
MLV insertion region 1 in the oncogenic behavior of 
retinoblastomas. Mol Vis. 2013;19:561-74.

105.	Huang Y, Cen LP, Choy KW, et al. JAK/STAT pathway 
mediates retinal ganglion cell survival after acute ocular 



63

Perspective

HKJOphthalmol	       Vol.20 No.2

hypertension but not under normal conditions. Exp Eye Res. 
2007;85:684-95.

106.	Huang Y, Cen LP, Luo JM, et al. Differential roles of 
phosphatidylinositol 3-kinase/akt pathway in retinal 
ganglion cell survival in rats with or without acute ocular 
hypertension. Neuroscience. 2008;153:214-25.

107.	Huang Y, Li Z, van Rooijen N, Wang N, Pang CP, Cui Q. 
Different responses of macrophages in retinal ganglion 
cell survival after acute ocular hypertension in rats 
with different autoimmune backgrounds. Exp Eye Res. 
2007;85:659-66.

108.	Qin Y, Lam S, Yam GH, et al. A rabbit model of age-
dependent ocular hypertensive response to topical 
corticosteroids. Acta Ophthalmol. 2012;90:559-63.

109.	Leung YF, Tam PO, Lee WS, et al. The dual role of 
dexamethasone on anti-inflammation and outflow resistance 
demonstrated in cultured human trabecular meshwork cells. 
Mol Vis. 2003;9:425-39.

110.	Fan BJ, Wang DY, Tham CC, Lam DS, Pang CP. Gene 
expression profiles of human trabecular meshwork cells 
induced by triamcinolone and dexamethasone. Invest 
Ophthalmol Vis Sci. 2008;49:1886-97.

111.	 Cheng AC, Pang CP, Leung AT, Chua JK, Fan DS, Lam 
DS. The association between cigarette smoking and ocular 
diseases. Hong Kong Med J. 2000;6:195-202.

112.	Chen X, Rong SS, Xu Q, et al. Diabetes mellitus and risk of 
age-related macular degeneration: a systematic review and 
meta-analysis. PLoS One. 2014;9:e108196.

113.	Ma L, Tang SM, Rong SS, et al. Association of PEDF 
polymorphisms with age-related macular degeneration and 
polypoidal choroidal vasculopathy: a systematic review and 
meta-analysis. Sci Rep. 2015;5:9497.

114.	Tong JP, Chan WM, Liu DT, et al. Aqueous humor levels of 
vascular endothelial growth factor and pigment epithelium-
derived factor in polypoidal choroidal vasculopathy 
and choroidal neovascularization. Am J Ophthalmol. 
2006;141:456-62.

115.	Lai TY, Liu DT, Chan KP, Luk FO, Pang CP, Lam DS. 
Visual outcomes and growth factor changes of two dosages 
of intravitreal bevacizumab for neovascular age-related 
macular degeneration: a randomized, controlled trial. 
Retina. 2009;29:1218-26.

116.	Chan WM, Lai TY, Chan KP, et al. Changes in aqueous 
vascular endothelial growth factor and pigment epithelial-
derived factor levels following intravitreal bevacizumab 
injections for choroidal neovascularization secondary to 
age-related macular degeneration or pathologic myopia. 
Retina. 2008;28:1308-13.

117.	Ng TK, Liang XY, Pang CP. HTRA1 in age-related macular 
degeneration. Asia Pac J Ophthalmol (Phila). 2012;1:51-
63.

118.	Ng TK, Yam GH, Chen WQ, et al. Interactive expressions of 
HtrA1 and VEGF in human vitreous humors and fetal RPE 
cells. Invest Ophthalmol Vis Sci. 2011;52:3706-12.

119.	Lee SK, Teng Y, Wong HK, et al. MicroRNA-145 regulates 
human corneal epithelial differentiation. PLoS One. 
2011;6:e21249.

120.	Teng Y, Wong HK, Jhanji V, et al. Signature microRNAs in 
human cornea limbal epithelium. Funct Integr Genomics. 
2015;15:277-94.

121.	Ng TK, Yung JS, Choy KW, et al. Transdifferentiation 
of periodontal ligament-derived stem cells into retinal 
ganglion-like cells and its microRNA signature. Sci Rep. 
2015;5:16429.

122.	Ng TK, Carballosa CM, Pelaez D, et al. Nicotine alters 
MicroRNA expression and hinders human adult stem cell 

regenerative potential. Stem Cells Dev. 2013;22:781-90.
123.	Ng TK, Huang L, Cao D, et al. Cigarette smoking hinders 

human periodontal ligament-derived stem cell proliferation, 
migration and differentiation potentials. Sci Rep. 
2015;5:7828.

124.	Chu KO, Wang CC, Chu CY, et al. Pharmacokinetic studies 
of green tea catechins in maternal plasma and fetuses in 
rats. J Pharm Sci. 2006;95:1372-81.

125.	Chu KO, Wang CC, Chu CY, Choy KW, Pang CP, 
Rogers MS. Uptake and distribution of catechins in fetal 
organs following in utero exposure in rats. Hum Reprod. 
2007;22:280-7.

126.	Chu KO, Chan KP, Wang CC, et al. Green tea catechins 
and their oxidative protection in the rat eye. J Agric Food 
Chem. 2010;58:1523-34.

127.	Wang CC, Chu KO, Chong WS, et al. Tea epigallocatechin-
3-gallate increases 8-isoprostane level and induces caudal 
regression in developing rat embryos. Free Radic Biol Med. 
2007;43:519-27.

128.	Chu KO, Chan KP, Yang YP, et al. Effects of EGCG content 
in green tea extract on pharmacokinetics, oxidative status 
and expression of inflammatory and apoptotic genes in the 
rat ocular tissues. J Nutr Biochem. 2015;26:1357-67.

129.	Qin YJ, Chu KO, Yip YW, et al. Green tea extract treatment 
alleviates ocular inflammation in a rat model of endotoxin-
induced uveitis. PLoS One. 2014;9:e103995.

130.	Cao L, Liu H, Lam DS, Yam GH, Pang CP. In vitro 
screening for angiostatic potential of herbal chemicals. 
Invest Ophthalmol Vis Sci. 2010;51:6658-64.

131.	Jhanji V, Liu H, Law K, et al. Isoliquiritigenin from licorice 
root suppressed neovascularisation in experimental ocular 
angiogenesis models. Br J Ophthalmol. 2011;95:1309-15.

132.	Jia LY, Sun L, Fan DS, Lam DS, Pang CP, Yam GH. Effect 
of topical Ginkgo biloba extract on steroid-induced changes 
in the trabecular meshwork and intraocular pressure. Arch 
Ophthalmol. 2008;126:1700-6.

133.	Jia LY, Gong B, Pang CP, et al. Correction of the disease 
phenotype of myocilin-causing glaucoma by a natural 
osmolyte. Invest Ophthalmol Vis Sci. 2009;50:3743-9.

134.	Yam GH, Wang K, Jhanji V, Choy KW, Baum L, Pang CP. In 
vitro amyloid aggregate forming ability of TGFBI mutants 
that cause corneal dystrophies. Invest Ophthalmol Vis Sci. 
2012;53:5890-8.

135.	Gong B, Zhang LY, Lam DS, Pang CP, Yam GH. Sodium 
4-phenylbutyrate ameliorates the effects of cataract-causing 
mutant gammaD-crystallin in cultured cells. Mol Vis. 
2010;16:997-1003.

136.	Qin YJ, Chan SO, Chong KK, et al. Antagonist of GH-
releasing hormone receptors alleviates experimental ocular 
inflammation. Proc Natl Acad Sci U S A. 2014;111:18303-8.

137.	Bai H, Teng Y, Wong L, Jhanji V, Pang CP, Yam GH. 
Proliferative and migratory aptitude in pterygium. 
Histochem Cell Biol. 2010;134:527-35.

138.	Ng TK, Fortino VR, Pelaez D, Cheung HS. Progress of 
mesenchymal stem cell therapy for neural and retinal 
diseases. World J Stem Cells. 2014;6:111-9.

139.	Ng TK, Pelaez D, Fortino VR, Greenberg J, Cheung HS. 
Pluripotent adult stem cells: a potential revolution in 
regenerative medicine and tissue engineering. Pluripotent 
stem cells / Book 1. InTech; 2013:25-38.

140.	Yam HF, Pang CP, Fan DS, Fan BJ, Yu EY, Lam DS. 
Growth factor changes in ex vivo expansion of human 
limbal epithelial cells on human amniotic membrane. 
Cornea. 2002;21:101-5.

141.	Yam HF, Lam DS, Pang CP. Changes of nuclear matrix 
in long-term culture of limbal epithelial cells. Cornea. 



64

Perspective

HKJOphthalmol      Vol.20 No.2

2002;21:215-9.
142.	Ng TK, Lam DS, Cheung HS. Prospects of stem cells for 

retinal diseases. Asia Pac J Ophthalmol (Phila). 2013;2:57-
63.

143.	Ng TK, Yung JS. Research progress and human clinical 
trials of mesenchymal stem cells in ophthalmology: a mini 
review. SM Ophthalmol J. 2015;1:1003.

144.	Wang JX, Brelén ME, Ng TK. Mesenchymal stem cells 
targeting of systemic disorders in age-related macular 
degeneration. Curr Tissue Eng. 2016;5:60-70.

145.	Huang L, Liang J, Geng Y, et al. Directing adult human 
periodontal ligament-derived stem cells to retinal fate. 
Invest Ophthalmol Vis Sci. 2013;54:3965-74.

146.	Leung CK, Lindsey JD, Crowston JG, Lijia C, Chiang S, 
Weinreb RN. Longitudinal profile of retinal ganglion cell 
damage after optic nerve crush with blue-light confocal 

scanning laser ophthalmoscopy. Invest Ophthalmol Vis Sci. 
2008;49:4898-902.

147.	Leung CK, Weinreb RN, Li ZW, et al. Long-term in vivo 
imaging and measurement of dendritic shrinkage of retinal 
ganglion cells. Invest Ophthalmol Vis Sci. 2011;52:1539-47.

148.	Li ZW, Liu S, Weinreb RN, et al. Tracking dendritic 
shrinkage of retinal ganglion cells after acute elevation 
of intraocular pressure. Invest Ophthalmol Vis Sci. 
2011;52:7205-12.

149.	Liu S, Li ZW, Weinreb RN, et al. Tracking retinal 
microgliosis in models of retinal ganglion cell damage. 
Invest Ophthalmol Vis Sci. 2012;53:6254-62.

150. Yang Y, Ng TK, Ye C, et al. Assessing sodium iodate-induced 
outer retinal changes in rats using confocal scanning laser 
ophthalmoscopy and optical coherence tomography. Invest 
Ophthalmol Vis Sci. 2014;55:1696-705.




