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PURPOSE. Ocular hypertension is a major risk factor for glaucoma and the inner wall of
Schlemm’s canal (SC) endothelia participates in the regulation of aqueous humor outflow
resistance. This study aimed to identify differentially expressed genes in primary cultures of
SC cells from glaucoma patients.
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METHODS. This study examined SC samples from three glaucoma cases and four controls.
Schlemm’s canal cells were isolated from eight different postmortem human eyes. Total RNA
was extracted, labeled, and hybridized to Illumina HumanWG-6 BeadChips containing probes
for approximately 47,000 human transcripts. After extracting the data using Illumina
GenomeStudio software, the data were normalized and analyzed using the R package limma in
Bioconductor. Using Protein ANalysis THrough Evolutionary Relationships (PANTHER)
software, gene ontology analysis of highly expressed genes was executed in controls and
glaucoma groups separately. Pathway analysis was performed with differentially expressed
genes using WebGestalt (WEB-based GEne SeT AnaLysis Toolkit). Selected genes were
validated using droplet digital PCR (ddPCR).
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RESULTS. Gene ontology analysis indicated similar functional categories in cases and controls.
Differential analysis identified a total of 113 genes with at least 2-fold expression changes in
cases. Pathway analysis indicated significant enrichment of genes in cell adhesion, heparin
binding, glycosaminoglycan binding, filopodium, and extracellular matrix remodeling.
Eighteen selected genes with differential expression were successfully validated using ddPCR.
CONCLUSIONS. This study represents the first genome-wide expression study of human primary
SC cells from glaucoma patients and provides a potential list of targets regulating SC cell
stiffness and pore formation, eventually the outflow resistance in glaucoma individuals.
Keywords: glaucoma, gene expression, Schlemm’s canal, aqueous flow

laucoma is the leading cause of irreversible vision loss and
blindness around the world, affecting over 60 million
people.1–4 Primary open-angle glaucoma (POAG) is the most
common type and is inherited as a complex trait. POAG is
characterized with progressive loss of retinal ganglion cells, optic
nerve head excavation, and visual field loss without an
identifiable clinical cause.4 Major risk factors for POAG include
increased age, elevated intraocular pressure (IOP), positive family
history, and African ancestry.2 Genetics has been shown to play
an important role in POAG. Family-based linkage analyses and
case-control based genome-wide association studies (GWAS) have
identified a number of genes contributing to pathogenesis of
POAG5–18 (see review in Refs 2, 14, and 15).
A number of genetic factors are associated with elevated
IOP, the only modifiable major risk factor in glaucoma, such as
variants in or near TMOC1 (transmembrane and coiled-coil
domains 1), growth arrest-specific 7 (GAS7), ATP-binding
cassette, sub-family A, member 1 (ABCA1), and fibronectin

type III domain containing 3B (FNDC3B).12,19,20 It remains
unknown how these genes are involved in IOP regulation.
Because IOP, whether elevated or not, contributes to disease
progression, all available clinical treatments (medical, procedural, or surgical) attempt to lower IOP.21 Elevated IOP is
caused by increased outflow resistance generated deep in the
conventional outflow tract, where trabecular meshwork (TM)
cells and Schlemm’s canal (SC) cells interact.22 Expression
pattern alterations and/or changes of TM cells and SC cells
likely mediate increased resistance to outflow and elevated IOP,
leading to the pathological retinal changes of glaucoma.
While the majority of resistance is generated by extracellular
matrix in the juxtacanalicular region of the TM, SC cells appear
to modulate resistance by forming pressure-dependent openings (pores) in its continuous monolayer.23,24 Recently, the pore
formation process has been shown to be affected by an
increased stiffness of SC cells in glaucomatous eyes.25,26
Elevated extracellular matrix stiffness has been observed to
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TABLE 1. Clinical Characteristics of Glaucoma and Control Donors
Group

Cell Strain No.

Sex

Age, y†

Postmortem
Delay, h

Glaucoma

SC57g
SC62g
SC63g*
SC64g*
SC51
SC60
SC67
SC71

Male
Female
Male
Male
NA
NA
Male
Male

78
66
78
78
66
58
44
44

3:50
2:15
5:11
5:11
<24.0
13:52
7:16
<6.0

Control

NA, not available.
* These two cell strains are from different eyes of a same donor.
† Age at death.

increase SC cell stiffness and decrease pore formation in
vitro.27 For the first time, using eight of the same SC cell strains
examined in these previous studies, we compared the
expression profiles of normal and glaucomatous cell strains.
The goal is to identify differentially expressed genes, which
will improve our understanding of the mechanism(s) underlying stiffer glaucomatous cells and decreased pore formation.

METHODS
SC Cell Isolation and Culture
Primary cultures of human SC endothelial cells were isolated
from donor eyes provided by Midwest Eye Bank (Ann Arbor,
MI, USA), National Disease Research Interchange (Philadelphia,
PA, USA), or Life Legacy (Tucson, AZ, USA) within 36 hours of
death with enucleation occurring less than 6 hours after death
(Table 1). Selective isolation and culture of the SC endothelial
cells was processed according to the techniques previously
established.28 All SC cell strains were characterized by (1) the
expression of vascular endothelial cadherin, (2) a net transendothelial electrical resistance greater than or equal to 10
ohmscm2, and (3) lack of myocilin induction upon treatment
with dexamethasone. A total of eight strains of SC cells were
isolated from four donors without glaucoma and three donors
with glaucoma. All the SC cells were tested between the third
and fifth passages. The determination of glaucoma was relied
on documentation provided by eye banks with ocular
hypertension/glaucoma history or presence of glaucoma
treatment eye drops on patient medication list. All cells
examined in the present study have been used in previous
studies.29

RNA Extraction
Total RNA was extracted using the Qiagen (Valencia, CA, USA)
AllPrep Kit for both genomic DNA and total RNA isolation,
following the manufacturer’s protocol. Briefly, RNA was first
harvested from cultured SC cells by adding the provided RLT
Plus buffer and homogenizing using a QIAshredder spin column
(Qiagen, Valencia, CA, USA). DNA was isolated and retained with
AllPrep DNA Mini spin column (Qiagen). RNA was selectively
isolated from the column flow through using an RNeasy mini
spin column (Qiagen). Fifty microliters of RNase-free water was
added to the spin column to recover RNA for each primary SC
cell line. The quality and quantity of extracted total RNA was
evaluated using the Agilent RNA 6000 Nano Kit with the Agilent
Bioanalyzer 2100 system (Agilent, Santa Clara, CA, USA). Two
hundred nanograms of total RNA from each SC cell line was
used for Illumina BeadChip-based expression analysis (Illumina,
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San Diego, CA, USA) and the remaining RNA was used for
droplet digital PCR (ddPCR) for expression validation.

Differential Expression Analysis
Illumina HumanWG-6 BeadChips were used to hybridize
labeled RNA and scanned by Illumina iScan System following
the manufacturer’s protocol as previously described.30 The
experiment was performed by the Molecular Genomics Core
Facility at Duke Molecular Physiology Institute (Durham, NC,
USA). Briefly, 200 ng of high quality RNA from all eight SC
samples was labeled using the TotalPrep RNA Amplification kit
(Illumina). Each sample was duplicated during the whole
process. The labeled RNA was quantitated and 1.5 lg was
hybridized to Illumina BeadChips overnight. The chips were
scanned using the Illumina iScan system. Probe and intensity
data were exported using Illumina’s software GenomeStudio.
The software used a detection P value to measure the
probability of seeing a specific probe intensity level. Probes
with detection P greater than or equal to 0.05 were excluded
and probes were removed if they were present in fewer than
half of samples of each group. The RNA expression data were
imported into the R package limma in Bioconductor (http://
www.bioconductor.org, in the public domain). All raw data
were log2 transformed, and the quantile normalization
function in limma was applied to normalize the intensity
measurement among all eight samples as previously described.
Data from duplicated samples were averaged after normalization.30 The glaucoma samples were compared with the control
samples to identify differentially expressed genes (P  0.05)
with at least 2-fold expression changes (up- or downregulated).

Pathway Analysis
First, gene ontology analysis was performed with all expressed
genes in SC cells from cases or controls. The significantly
expressed genes in each group were defined using detection P
value. While a P value below 0.01 or 0.05 indicates the
detection of an expressed transcript, a P value of less than
0.001 was used for those significantly expressed transcripts.
Because the analysis focused on functional classification,
unique gene IDs were used in the analysis, regardless of
different probes for the same gene. These unique gene ID lists
were imported into Protein Analysis THrough Evolutionary
Relationships (PANTHER; in the public domain, http://www.
pantherdb.org/) Classification System to examine the distribution of these genes in molecular function, biological process,
cellular component, protein class, and pathway.31 The analysis
was performed for cases and controls separately and the results
were compared.
Second, the list of differentially expressed genes (P < 0.05
and fold change <0.5 or >2) was uploaded into WebGestalt
(WEB-based GEne SeT AnaLysis Toolkit; in the public domain,
http://bioinfo.vanderbilt.edu/webgestalt/), a gene ontology
analysis website, to examine potentially enriched pathways
or categories in molecular function, cellular component, and
biological process.32 WebGestalt revealed a full picture of each
class and where genes located, as well as how genes related in
each class.

Validation of Differentially Expressed Genes
Approximately 300 to 500 ng total RNA extracted from each
strain of SC cells was reverse transcribed to cDNA using
SuperScript III first-strand synthesis kit from Life Technologies
(Grand Island, NY, USA). The generated cDNA was diluted 8fold and 1 lL cDNA was used in each ddPCR reaction. Droplet
digital PCR is a precise digital PCR to measure absolute
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TABLE 2. Selected Droplet Digital PCR Gene Expression Assays From Bio-Rad
Gene Symbol
CDH10
CLDN23
CRIP2
DCN
DPT
EMILIN2
FMOD
GLDN
HOXB2
LAMC2
LAMC3
LOX
MGP
MYO10
PODN
SMOC2
ABCA1
CAV1
CAV2
CYP1B1
GAS7
GAPDH*
RPLP0*

Gene Description

Bio-Rad Assay ID

Amplicon Size, bp

Cadherin 10, type 2
Claudin 23
Cysteine-rich protein 2
Decorin
Dermatopontin
Elastin microfibril interfacer 2
Fibromodulin
Gliomedin
Homeobox B2
Laminin, gamma 2
Laminin, gamma 3
Lysyl oxidase
Matrix Gla protein
Myosin X
Podocan
SPARC related modular calcium binding 2
ATP-binding cassette, sub-family A (ABC1), member 1
Caveolin 1, caveolae protein
Caveolin 2
Cytochrome P450, family 1, subfamily B, polypeptide 1
Growth arrest-specific 7
Glyceraldehyde-3-phosphate dehydrogenase
Ribosomal protein, large, P0

dHsaEG5005779
dHsaEG5005462
dHsaEG5006292
dHsaEG5004873
dHsaEG5022329
dHsaEG5020006
dHsaEG5014378
dHsaEG5016395
qHsaCED0035280
dHsaEG5024224
dHsaEG5023239
dHsaEG5014905
dHsaEG5019666
dHsaEG5009834
dHsaEG5023081
dHsaEG5016735
dHsaEG5022809
dHsaEG5024315
dHsaEG5002420
dHsaEG5019693
dHsaEG5014776
dHsaEG5006642
dHsaEG5006631

135
172
143
133
78
129
114
118
200
150
119
64
96
107
100
106
85
107
65
139
132
117
63

* These two assays are reference genes that have been used in validating the expression changes in SC cells.

quantification of target cDNA sequences. QX200 droplet
digital PCR system from Bio-Rad (Hercules, CA, USA) was
used for the validation experiments. Predesigned and
experimentally-tested Bio-Rad PrimerPCR/ddPCR Expression
EvaGreen assays were selected to validate the differential
expression identified from Illumina BeadChip analysis (Table
2). If possible, the selected assays were required to have
amplicons spanning an intron to reduce artifact from
potential DNA contamination. If two assays for the same
gene were available, the one with relatively larger amplicon
was chosen for its stable property.
After the preparation of the reaction mix using QX200
ddPCR EvaGreen Supermix from Bio-Rad, a Bio-Rad QX200
droplet generator was used to partition each prepared sample
into up to 20,000 nanoliter-sized droplets. Generated ddPCR
droplets were transferred to a clean 96-well plate and sealed
with the PX1 PCR plate sealer from Bio-Rad prior to PCR
amplification using Bio-Rad C1000 touch thermal cycler with
deep wells. The parameters for PCR were: 958C for 10
minutes to activate the polymerase, followed by 40 cycles of
948C for 30 seconds and 608C for 1 minute, ended with 988C
for 10 minutes to deactivate the polymerase. After thermal
cycling, ddPCR droplets from each reaction were read and
quantified by the QX200 droplet reader using QuantaSoft
software from Bio-Rad. Expression data was extracted and
analyzed using QuantaSoft software. For quality control, any
PCR reactions with less than 10,000 droplets were removed.
Each assay with each sample was run in duplicate. Two
reference assays were integrated in our experiment: glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and ribosomal protein, large, P0 (RPLP0). The absolute number of cDNA
copies for each selected gene was derived from ddPCR and
normalized to the average number of copies of GAPDH and
RPLP0 in each SC sample. The fold change of normalized
gene expression in cases versus controls was analyzed for
each selected gene using Student’s t-test. A P value of less
than 0.05 was considered significant.

RESULTS
Clinical Phenotypes
This study included four cell strains isolated from four donor
eyes without a history of eye disease and four cell strains from
four eyes of three donors (one donor provided both eyes) with
glaucoma. Although two glaucomatous eyes were from the
same donor, the severity of glaucoma seems to be different as
indicated by the different level of stiffness in previous study.33
Our results were consistent with this published finding,
showing that expression-based correlation analysis among all
eight SC cell strains did not indicate significantly higher
similarity between the two SC cells from the same donor than
other paired-sample comparisons (data not shown here). The
average age at death from nonglaucoma individuals was 53
years while the average age at death from glaucoma-affected
individuals was 75 years. The average postmortem delay in
glaucoma group was approximately 4 hours, ranging from 2 to
5 hours. The average postmortem delay in nonglaucoma
control was over 10 hours, ranging from 7 to 14 hours.
Detailed information is listed in Table 1. The stiffness in
glaucoma-affected SC lines was noted to be significantly
elevated compared with nonglaucoma SC lines using multiple
approaches to measure the stiffness.33

Gene Ontology Analysis
Based on the detection P value, our expression analysis using
Illumina BeadChips identified 8193 highly expressed genes in
all four glaucomatous SC cells and 8508 highly expressed genes
in all four nonglaucomatous SC cells. These two lists of
expressed genes were uploaded into the PANTHER classification system for molecular function-based gene ontology
analysis (Fig.). Genes were categorized into multiple different
functional groups, including binding, catalytic activity, enzyme
regulator, nucleic acid binding transcription factor activity,
protein binding transcription factor activity, receptor activity,
structure molecule activity, transporter activity, and others.
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TABLE 3. List of Selected Differentially Expressed Genes That Were Validated Using Droplet Digital PCR
Probe ID

Gene Symbol

Gene Description

Array FC

P Value

ddPCR FC

P Value

2260424
1850156
5340246
7650296
2100228
1190142
1710484
5860402
3460097
4390100
6280541
3940017
1430487
4670131
6480040
2630437

CDH10
CLDN23
CRIP2
DCN
DPT
EMILIN2
FMOD
GLDN
HOXB2
LAMC2
LAMC3
LOX
MGP
MYO10
PODN
SMOC2

Cadherin 10, type 2
Claudin 23
Cysteine-rich protein 2
Decorin
Dermatopontin
Elastin microfibril interfacer 2
Fibromodulin
Gliomedin
Homeobox B2
Laminin, gamma 2
Laminin, gamma 3
Lysyl oxidase
Matrix Gla protein
Myosin X
Podocan
SPARC-related modular calcium binding 2

3.00
3.70
2.04
2.44
2.04
2.63
2.38
4.76
2.80
2.22
2.27
2.60
4.55
2.01
2.86
2.27

0.015
0.034
0.003
0.047
0.021
0.022
0.010
0.001
0.007
0.014
0.012
0.002
0.048
0.018
0.029
0.037

2.63
2.86
2.30
2.27
7.70
2.63
4.35
5.26
3.90
12.15
14.93
3.28
4.76
2.89
1.92
11.11

0.02
0.02
0.05
0.05
0.02
0.01
0.003
0.0006
0.04
0.004
0.015
0.04
0.02
0.04
0.05
0.04

The P for ddPCR validation was calculated using Student’s t-test. FC, fold change comparing with controls.

The percentage of genes in each main category and subcategory was similar between glaucoma and nonglaucoma SC cell
lines, with less than 0.3% overall difference. This similarity
indicates the lack of significant categorical changes in
glaucomatous SC endothelial cells in terms of molecular
function. We also performed gene ontology analyses with
biological process, cellular component, and protein class and
pathway and did not identify significant categorical expression
shifts in glaucomatous SC cells in comparison to nonglaucoma
SC cells (Supplementary Fig. S1).
This expression analysis identified a total of 113 genes that
were differentially expressed in glaucomatous SC cells with at
least two fold changes compared with control SC cells
(Supplementary Table S1). Fifty-one genes were upregulated
and 62 genes were downregulated in glaucomatous SC cells.
The list of these 113 genes was further analyzed for
significantly enriched pathways using the online toolkit
WebGestalt in terms of biological process, molecular function,
and cellular component. Pathway analysis indicated significant
enrichment of genes in cell adhesion, heparin binding,
glycosaminoglycan binding, oxidoreductase activity, filopodium, and extracellular matrix with P values from 2.3 3 106 to 1
3 102 (Supplementary Fig. S2, indicated with the red color). A
number of genes contribute to more than one of these
functional categories, such as cell adhesion, glycosaminoglycan
binding, and extracellular matrix (Supplementary Material).

Expression Validation With ddPCR
To validate the differential expression from Illumina BeadChip,
based on their potential involvement in extracellular matrix
regulation, cell adhesion, glycosaminoglycan binding, and
glaucoma, we selected and validated the differential expression
of 16 genes using ddPCR successfully (Table 3). We considered

a P value less than 0.05 to be significant. Results from ddPCR
confirmed the differential expression of these 16 genes,
providing confidence in the Illumina BeadChip data. We also
examined the potential differential expression of known
glaucoma-associated genes. These genes included CDKN2BAS1, TMCO1, SIX1, SIX6, CAV1, CAV2, LRP12, ZFPM2, GAS7,
ATOH7, FNDC3B, CYP1B1, MYOC, OPTN, WDR36, SRBD1,
TBK1, GALC, ABCA1, PMM2, AFAP1, and GMDS
(Supplementary Table S2). Based on suggestive results showing
differential expression in glaucomatous SC cells in Illumina
BeadChips experiments, we selected five genes for further
validation with ddPCR assays, including ABCA1, CAV1, CAV2,
CYP1B1, and GAS7. Droplet digital PCR experiments identified
and validated the differential expression of two genes CYP1B1
and ABCA1 (Table 4). Although significant in microarray
experiment, the expression changes of CAV1 and CAV2 were
near, but did not reach statistical significance (P ¼ 0.07 and
0.08, respectively). These data indicate the potential role of
these four genes in the function of SC cells with aqueous
outflow.

DISCUSSION
This study represents the first comprehensive differential
expression analysis in primary human SC endothelial cells
derived from glaucoma-affected and nonglaucoma individuals.
A unique feature of this study is the biomechanical characterization of these established SC cells, elevated cell stiffness,
reduced cell strain, and decreased propensity to form pores in
glaucomatous SC cells.24 Using microarray and ddPCR, a
number of differentially expressed genes have been identified
in glaucomatous SC cells that may be related with the elevated
stiffness, thus potentially increased outflow resistance and

TABLE 4. List of Expression of Glaucoma-Associated Genes in Glaucomatous SC Endothelial Cells in Comparison With Nonglaucoma SC Cells
Probe ID

Gene Symbol

Gene Description

Array FC

P Value

ddPCR FC

P Value

4060358
5550379
620360
2120053
1070435

ABCA1
CAV1
CAV2
CYP1B1
GAS7

ATP-binding cassette, sub-family A (ABC1), member 1
Caveolin 1, caveolae protein
Caveolin 2
Cytochrome P450, family 1, subfamily B, polypeptide 1
Growth arrest-specific 7

1.35
1.79
1.40
1.45
1.25

0.103
0.035
0.037
0.030
0.222

2.13
1.43
1.93
3.57
1.41

0.006
0.07
0.08
0.003
0.28

The P for ddPCR validation was calculated using Student’s t-test.
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FIGURE. Gene ontology analysis using PANTHER with molecular function for all highly expressed genes (detection P < 0.012) in nonglaucoma
control or glaucoma cases, using Illumina BeadChip data.

elevated IOP. This foundational information provides candidates to explore and advances the understanding on how SC
endothelial cells contribute to the regulation of aqueous
outflow plus potential targets that may regulate IOP by
affecting the stiffness of SC cells.
The differentially expressed genes are enriched in several
pathways, including cell adhesion, heparin binding, glycosaminoglycan binding, and extracellular matrix, all of which may
contribute to cell stiffness status and decreased pore-forming
ability in glaucomatous SC cells.33–36 In comparison to
trabecular meshwork tissues,30 glaucomatous SC cells shared
similar expression changes in genes involved with extracellular
matrix remodeling and cell adhesion. Schlemm’s canal cells
have more changes in genes involved in glycosaminoglycan
binding, oxidoreductase activity, and heparin binding while
TM cells have more changes in genes involved with signal
peptides, glycoproteins, and exosome-related components. We
confirmed a previously reported lower expression of DCN
(decorin) in glaucomatous SC cells with over 2-fold reduction.33 Interestingly, the expression of DCN may be further
regulated by environmental factors, such as the elevated
substrate stiffness of juxtacanalicular tissue, only in glaucomatous but not normal SC cells. It will be important to study the
underlying regulatory mechanisms related with the expression
of DCN, especially in glaucomatous SC cells. Another gene,
lysyl oxidase (LOX), a cross-linking enzyme, results in
resistance to matrix degradation and increased tissue stiffness.37 The significantly elevated expression of LOX in
glaucomatous SC cells indicates its potential role in regulating
SC cell stiffness. The observed expression alterations may
represent a glaucoma trigger, or a secondary consequence of
the medical treatment of glaucoma. Further study is needed to
clarify the sequence of alteration.
Our study also examined the potential for differential
expression of glaucoma, or IOP-associated genes. Our ddPCR
experiment validated the significantly reduced expression of
two genes, CYP1B1 and ABCA1 in glaucomatous SC cells.
Mutations in CYP1B1 have been known to cause primary
congenital glaucoma, juvenile open-angle glaucoma, and
POAG.2 Variants in and near ABCA1 have been associated
with elevated risk of POAG and IOP.8–10,19,20 Both CYP1B1 and
ABCA1 are involved in synthesis and transportation of
lipids. 38,39 Reduced expression of these two genes in
glaucomatous SC cells might lead to the alteration of

phospholipids involved in signaling pathways regulating the
stiffness of SC cells, including lipid raft domains. In fact, the
expression change of residents of lipid rafts such as CAV1/
CAV2 was significant, but was marginal in ddPCR validation.
Variants in the CAV1/CAV2 locus are associated with elevated
IOP.40,41 Knockdown of caveolin expression elevated IOP in
mice and altered conventional outflow in organ-cultured
human eyes or perfused mouse eyes42 (Elliott MH, et al. IOVS
2014;55:ARVO E-Abstract 2888). It will be necessary to further
study the protein level of caveolin in these SC cells. It will be
interesting to know whether the expression of these four
genes are caused by glaucoma or their reduced expression may
contribute to the elevated IOP and glaucoma. Mouse models of
these glaucoma-related genes may provide more helpful
information about their specific roles in glaucoma. The
knowledge of how the expression of these genes is regulated
will significantly improve our understanding of their involvement in regulating SC cell stiffness and IOP potentially.
An interesting aspect of our study is the successful
integration of ddPCR to validate gene expression. Droplet
digital PCR is a relatively novel technology that measures the
absolute copy number of DNA/RNA templates by dividing a 20
lL PCR reaction mixture into 20,000 droplets followed by endpoint detection of the amplification for each individual droplet.
Compared with traditional realtime PCR, ddPCR significantly
increases the accuracy of quantification at low-target concentration.43 Although ddPCR does not need to use reference gene
assays, two widely used reference assays (GAPDH and RPLP0)
were integrated to normalize the varying amounts of starting
RNA materials from different SC samples. The absolute
quantification of target genes using ddPCR made the experimental validation much easier and more accurate. More
application of this novel technology is expected in other
expression profiling studies.
This study was limited by several factors. First, this study
used primary cultures of SC cells instead of the intact tissue.
While cells were a confluent monolayer for approximately 7
weeks before isolation of RNA, cell culture will certainly alter
the expression of some genes; however, both cases and
controls were handled identically. Second, all the donated
glaucoma eyes were under medical treatment, which may have
resulted in expression changes in the isolated primary SC cells.
Third, while the most comprehensive study to date, the sample
size is relatively small. This study included only eight SC strains
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of cells derived from three individuals with glaucoma and four
individuals without glaucoma. This small sample size is due to
the difficulty of obtaining viable postmortem eyes affected
with glaucoma and deriving primary SC cells from these rare
specimens. Although it is not easy, it will be critical to collect
more postmortem eye tissues from individuals with glaucoma.
It will be necessary to replicate the identified expression
alterations in other independent studies with larger sample
size. If possible, it will be ideal to match glaucoma cases and
controls in terms of sex, age, and ethnicity.
In summary, for the first time, this study has successfully
characterized the functional classification of all expressed
genes in SC cells from nonglaucoma and glaucoma-affected
subjects. The identification and validation of underlying related
gene expression changes in primary glaucomatous SC cells will
provide novel information for investigating the possible
mechanisms underlying the biomechanical property changes
in these SC cells and generate a potential list of targets
regulating the SC cell stiffness and pore formation, eventually
the outflow resistance in glaucoma individuals.
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