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Abstract

Aims: To determine the differential profile of microRNA (miRNA) in the aqueous humor (AH) of patients with primary congenital glaucoma (PCG) when
compared to AH from children with congenital cataract.

Methods: AH samples were obtained during surgery from patients with PCG (n= 6) and congenital cataract (n=6) that served as controls. Following miRNA
extraction from ~100 pL of AH, the presence of small RNAs (<200 nucleotides) was confirmed using a bioanalyzer (Agilent). Labelled miRNA was then hybridized
to miRNA microarray 4.0 (Affymetrix) according to the standard protocol. The miRNA microarray data was analyzed using Partek Genomic Suite 6.13 and one-
way ANOVA statistical testing to identify significantly differential expressed miRNAs. Pathway analysis was performed using DIANA tools (mirPath) to identify
pathways associated with differential expressed (DE) miRNAs.

Results: A total of 2578 miRNAs was quantitated in AH samples. Analysis revealed 11 DE miRNA in the AH from PCG patients. mirPath identified the Wnt
signaling pathway as the major pathway associated with 5 DE miRNAs [hsa-miR-4659a-5p, hsa-miR-548aa, hsa-miR-548t-3p, hsa-miR-606 and hsa-miR-548aj-
3p that correlated with 5 genes: ROCK1 (ENSG00000067900), SMAD2 (ENSG00000175387), NFATS5 (ENSG00000102908), PRKCB (ENSG00000166501)
and TBL1XR1 (ENSG00000177565), respectively.

Conclusion: The AH from patients with PCG shows a differential miRNA profile when compared to a congenital cataract control group. Most of the specific
miRNA’s that were down-regulated are associated with the Wnt signaling pathway and may be involved in trabecular meshwork dysfunction, similar to that reported

in adult glaucoma.

Introduction

Primary congenital glaucoma (PCG; OMIM 231300) isan autosomal
recessive form of glaucoma that manifests itself in infancy and is
characterized by developmental defect(s) of the trabecular meshwork
(TM) and anterior chamber angle affecting the aqueous humor (AH)
outflow pathway [1]. CYPIBI (OMIM *601771; cytochrome P450,
subfamily I, polypeptide I) mutations are the predominant cause
of PCG in humans [2]. Although a recent animal study supports an
oxidative stress-induced model of PCG, the precise mechanism(s) by
which CYP1BI regulates development of the anterior chamber remains
elusive [3]. LTBP2 (OMIM *602091; latent transforming growth factor
beta binding protein 2) mutation as a cause of PCG is extremely rare;
being reported only in a few families from Pakistan, Iran, and European
gypsies [4]. It is thus evident that other genes/proteins may be altered
in PCG and are still to be identified.

Alteration in the composition of AH proteins has been associated
with several eye diseases including PCG [5]. Recent studies have
provided evidence for the involvement of molecular mediators such
as microRNAs (miRNAs) in the pathophysiology of glaucoma [6].
Furthermore, the identification of miRNAs in ocular cells [7] AH of
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patients with cataract [8], exosomes isolated from AH [9] and vitreous
fluid [10] suggests that miRNAs may have roles to play in the function
of the eye and eye diseases.

Many studies have reported miRNA dysregulation in several
ocular diseases. These include differential miRNA expression in central
epithelium of transparent and age-related cataractous human lenses
[11]; in primary human Tenon's fibroblasts treated with transforming
growth factor beta 1 (TGFp1) [12]; in AH of patients with glaucoma[13];
and formalin fixed paraffin embedded tissue samples of patients with
intraocular medulloepithelioma [14].

The aim of this study was to evaluate miRNA profiles in AH of
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patients with PCG and compare them with miRNA profiles in the AH
of patients with congenital cataract (serving as control group).

Materials and methods

AH of participants with PCG (n=6) serving as the patient group
and congenital cataract (n=6) used as a comparative control group were
examined for differential miRNA expression. All PCG patients had
confirmed clinical diagnosis for PCG and were all positive for CYP1B1
mutation (G61E) common among the Saudi PCG patients. Patients with
previous surgery in affected eye, ocular inflammation and syndrome
congenital glaucoma were excluded from the study. Approximately
100-200 uL of AH was withdrawn through a paracentesis track prior to
initiation of glaucoma cataract surgery. The samples were immediately
centrifuged for 10 mins at 10,000xg to remove cellular debris. miRNA
was extracted with Qiagen miRNeasy mini-kit (Qiagen Inc. , Valencia,
CA, USA) from approximately 100 pL of AH collected from each patient
using the supplementary Protocol:RY43 Purification of total RNA
including small RNA from serum or plasma. The presence of small RNAs
(<200 nucleotides) was confirmed by Agilent 2100 bioanalyzer (Agilent
Technologies, Inc. Santa Clara, CA, USA) using an Agilent Bioanalyzer
Pico Chip. miRNAs from individual AH samples were amplified
using Ncode miRNA amplification system v.2 (Life Technologies,
Grand Island, NY, USA). A total of 130 ng of amplified miRNA was
used for labelling with FlashTag HSR labelling kit (Affymetrix, Santa
Clara, CA, USA) with the modification of omitting A tailing step as
the amplified miRNA is already A tailed during amplification step.
The labelled miRNA was then hybridized to Affymetrix miRNA array
4.0 according to the standard protocol. Affymetrix miRNA 4.0 is the
newest miRNA array from Affymetrix and it provides 100% miRBase
v20 coverage including 2578 human mature miRNA probe sets, 1996
human snoRNA and scaRNA probe sets, and 2025 human pre-miRNA
probe sets. Robust Multiarray Averaging (RMA) was performed and
the miRNA microarray data was analyzed using Partek Genomic
Suite 6.13 and one-way ANOVA statistical testing was performed to
identify significantly differential expressed miRNA between different
groups (P < 0.05). The differential miRNAs identified were then
analyzed with DIANA tools (mirPath) available at (http://diana.imis.
athena-innovation.gr/DianaTools/index.php) [15]. mirPath is designed
to highlight pathways associated with miRNAs identified. Next, we

Table 1. Demographic and Clinical profile of subjects based on diagnosis.

Variables Primary congenital glaucoma
(n=6)

Age in years

Median 35

25% quartile 2.0

Range 2-11

Intraocular pressure in mmHg, 28.3 (11.6)

Mean (SD)

Gender, No. (%)

Male 4 (66.7)

Female 2(33.3)

No. of glaucoma medications (%)

No medication 0(0)

1-2 4 (66.7)

>2 2(33.7)

Previous surgery

No 1(12.7)

Yes 5(83.3)

Fishers’ exact probability test
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utilized an option within mirPath called "pathway intersection". This
option provides the intersection of targeted pathways by the selected
miRNAs. The resulting subset contains only pathways with statistically
significant results for all the selected miRNAs.

This study was approved by the King Khaled Eye Specialist Hospital
Institutional Review Board and followed the principles established in
the Declaration of Helsinki. Written informed consent was obtained
from all study participants and all samples were anonymized to
preserve patient confidentiality.

Results

The expression of 2578 miRNAs was quantitated in AH from
patients with PCG (patient group) and congenital cataract (control
group). The demographic information and clinical profile of both
study groups is summarized in Table 1.

Comparison of miRNA profile in PCG group vs. controls revealed 11
differentially expressed miRNAs (Table 2) [P < 0.05, using one-way
ANOVA]. Five (45.5%) of those miRNAs were up-regulated with fold
change ranging from +1.12 to 2.30, whereas 6 (54.5%) miRNAs were
down-regulated with fold change ranging from (- 1.35 to - 2.26).

Analysis of 11 differentially expressed miRNA associated with
patient group (PCG) using the DIANA tools (mirPath) identified
63 pathways related to signaling, metabolism and cancer (Table 3).
Further analysis using the "pathway intersection" tool within mir-
Path identified one pathway (Wnt Signaling pathway) involving 5
miRNAs [hsa-miR-4659a-5p, hsa-miR-548aa, hsa-miR-548t-3p,
hsa-miR-606 and hsa-miR-548aj-3p that correlated with 5 genes:
ROCK1 (ENSG00000067900), SMAD2 (ENSG00000175387), NFAT5
(ENSG00000102908), PRKCB (ENSG00000166501) and TBLIXRI
(ENSG00000177565)], respectively (Figure 1). Four of these miRNAs
were down-regulated and one was up-regulated. Due to lack of suf-
ficient AH, the differential expression of these miRNAs could not be
validated by a secondary quantitative real-time PCR analysis. Re-
gardless, Figure 1 clearly demonstrates that these differentially ex-
pressed miRNAs significantly impact Wnt signaling pathways. Table
4 indicates their possible role in Wnt modulation, however, further
work is needed to understand the manifestation and implication of
these links in the context of PCG.

Congenital cataract P-value®

(n=6)

5 -
3.75 -
3-10 -

17.5 (2.1) -

6 (100) -
0 (0) 0.45

6 (100) -
0 (0) 0.0047
0 (0) 0.035

0 (0) B
6 (100) 0.99
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No specific patterns in the demographic and clinical information
and miRNA expression were observed in this small sample.

Discussion

This study highlights the unique miRNA differential profile in the
AH of PCG patients after comparison with congenital cataract. miRNA
profiling have been previously described in AH [8] and in exosomes
isolated from AH [9] in small number of cataract in adult patients.

Table 2. Fold change of differentially expressed aqueous humor miRNAs in patients with
primary congenital glaucoma as compared to controls.

DE miRNAs Fold Change P-value
in PCG

hsa-miR-4659a-5p -1.35 0.010125

hsa-miR-4445-3p +2.20 0.020018
hsa-miR-3201 +1.56 0.0403058
hsa-miR-548aa -2.26 0.0214654
hsa-miR-548t-3p -2.26 0.0214654
hsa-miR-3128 -1.88 0.0314196

hsa-miR-4423-3p -1.64 0.020099
hsa-miR-606 -1.41 0.0342179
hsa-miR-638 +2.30 0.0219638
hsa-miR-548aj-3p +1.12 0.00974459
hsa-miR-6777-5p +1.28 0.0148227

miRNA in bold are the ones involved in Wnt Signaling Pathway.
Negative (-) sign indicates down-regulation and (+) sign indicates up-regulation. Five of the
eleven miRNAs were up-regulated and six were down-regulated in PCG patients.

Certain miRNAs including miR-486-5p, miR-184, let-7a, miR-125-5p
and miR-181a were found to be common to adult cataract AH in the
current study and miRNA in exosomes [8]. With the exception of miR-
181a, others were among the top 50 abundant miRNAs. However, none
of these miRNAs were found to be differentially expressed between
AH from congenital glaucoma and cataract patients in this study.
The methods used for detection and analysis, the clinical differences
in study population and other unknown variables may be responsible
for these variations in miRNA profiles in AH. Another factor that may
influence differential expression studies related to AH miRNA is the
lack of comparison with AH from individuals without ocular disease as
it was ethically not possible to obtain samples from healthy eyes.

Tanaka and colleagues [13] have performed differential miRNA
profiling of AH from 10 adult-onset glaucoma, 5 cataract, and 5
patients with epiretinal membrane using the 3D-Gene human miRNA
ver. 1.60 chips containing 2019 miRNAs (Toray Industries, Inc.,
Tokyo, Japan). The study identified 18 differentially expressed miRNAs
that were common to both the control and glaucoma groups, of which,
8 were up-regulated and 10 were down-regulated; 3 miRNAs that
were significantly up-regulated (~ 2-folds) and were specific only to
the glaucoma patients (absent in controls); and 8 miRNAs that were
significantly up-regulated (range of 1.6-3 folds) and were detected only
in the controls (absent in glaucoma patients). However, none of the
differentially expressed miRNAs reported in this study were found to
overlap with the 11 differentially expressed miRNAs identified in our
study. These discrepancies may arise due to technological and clinical
sampling variability. However, it is important to note that the glaucoma
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Figure 1. Wnt signaling pathway.
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Table 3. Pathways identified.

Pathway identified

#miRNAs

Table 4. Genes correlated with differentially expressed miRNAs and their role(s) in Wnt
signal modulation.

Ras signaling pathway

Target Gene |Role in Wnt signal modulation

Glutamatergic synapse

Dopaminergic synapse

ROCK1 Downstream mediator of non-canonical wnt signaling, major regulator of
cytoskeleton mediates actin polymerization, cell polarity and migration.

Amphetamine addiction

cAMP signaling pathway

TGF-beta signaling pathway

Signaling pathways regulating pluripotency of stem cells

Ubiquitin mediated proteolysis

Focal adhesion

Long-term potentiation

Viral carcinogenesis

Protein processing in endoplasmic reticulum

Osteoclast differentiation

PI3K-Akt signaling pathway

Cholinergic synapse

Hippo signaling pathway

Proteoglycans in cancer

Adherens junction

Transcriptional misregulation in cancer

Wnt signaling pathway

Prolactin signaling pathway

Sphingolipid signaling pathway

Adrenergic signaling in cardiomyocytes

Choline metabolism in cancer

Rapl signaling pathway

FoxO signaling pathway

Estrogen signaling pathway

mRNA surveillance pathway

Oxytocin signaling pathway

MAPK signaling pathway

Neurotrophin signaling pathway

Sphingolipid metabolism

Insulin signaling pathway

HTLV-I infection

Tight junction

Thyroid hormone synthesis

Apoptosis

Arrhythmogenic right ventricular cardiomyopathy (ARVC)

ErbB signaling pathway

Colorectal cancer

Renal cell carcinoma

Glioma

Chronic myeloid leukemia

Pancreatic cancer

Axon guidance

Prostate cancer

Melanoma

Non-small cell lung cancer

Long-term depression

Thyroid hormone signaling pathway

Hepatitis B

Amyotrophic lateral sclerosis (ALS)

HIF-1 signaling pathway

Endometrial cancer

T cell receptor signaling pathway

Cell cycle

sulfate

Glycosaminoglycan biosynthesis - chondroitin sulfate / dermatan

B b &Yy YYD 0 0 ) ) 00 ) ) 00 ) ) 0 ) 00 0000000000000 00 N0 0 O O o

Acute myeloid leukemia

Dorso-ventral axis formation

Glycosphingolipid biosynthesis - lacto and neolacto series

Thyroid cancer

Mucin type O-Glycan biosynthesis

Biotin metabolism

— W AR

J Trans! Sci, 2016 doi: 10.15761/]'TS.1000169

SMAD2 Effector molecule of TGF signaling pathway, involved in canonical
Wnt-TGFp induced fibrotic processes including myofibroblast
transformation and extracellular matrix secretion.

NFATS NFATS is an osmotic stress responder and a transcription factor
downstream of non-canonical wnt pathway, regulates cell fate and
migration. However NFAT can also inhibit canonical wnt signaling.

PRKCB Wnt pathway regulator, apoptosis inducer.
TBLIXRI Regulates Wnt-Bcatenin mediated transcription as part of a co-repressor
complex.

patients studied by Tanaka et al. included primary open angle, primary
angle closure and pseudoexfoliation glaucoma and none had PCG. This
suggests that the miRNA profiling may help differentiate glaucoma
types and the miRNAs identified in this study may be highly relevant to
the pathogenesis of congenital glaucoma if their biological significance
is validated by functional studies.

Unlike previous studies investigating differential miRNA profiling
in the AH samples we attempted to look at miRNA profiles using
pathway analysis. Our initial analysis had identified 11 differentially
expressed miRNAs and 63 different pathways, mainly related to cancer,
metabolism and signaling, related to those 11 miRNAs. The detection of
63 different potentially involved biological pathways makes it difficult
to assess the importance of these pathways to PCG in particular.
However, further analysis using "pathway intersection" tool identified
"Wnt signaling pathway" [15]. Wnt signaling was first identified for its
role in carcinogenesis, but has since been recognized for its function in
embryonic development [16].

Genes related to canonical and non-canonical Wnt pathways
are expressed in the human trabecular meshwork (TM) cells and
the investigators have shown that all three Wnt signaling pathways
are operative in the TM system [17]. Additionally, studies using
perfused organ culture eyes linked the Wnt signaling pathways to
elevated intraocular pressure (IOP) in this model. The investigators
discovered a novel role for secreted frizzled-related protein-1 (sFRP-
1), an antagonist of Wnt signaling, in regulating IOP and demonstrated
overexpression of sFRP1 in human glaucomatous TM cells and that
restoring Wnt signaling in the TM may be a novel disease intervention
strategy for treating glaucoma [18]. Additionally, Wnt signaling
pathway has a complex relation with the extracellular matrix (ECM). It
intersects with TGF-beta pathway to regulate ECM gene expression in
multiple cell types and also plays a role in ECM assembly [19]. Evidence
from open angle glaucoma studies suggest a functional canonical Wnt
signaling in TM and a link between Wnt antagonism and increased
TM cell stiffness [20]. It is therefore possible that dysregulation of Wnt
signaling pathway in PCG may cause ECM abnormalities in the TM.
Further in vitro studies as well as molecular studies of TM specimens
from patients with PCG are needed to substantiate this hypothesis.
Villareal and colleagues demonstrated that miR-29b played a role
in the regulation of ECM formation in the TM and that under in vitro
conditions, upregulation of miR-29b might suppress ECM formation [21].
In our study, miR-29b was not detected in the AH of PCG or controls.
Other potential indirect evidence that Wnt signaling may be involved in
congenital glaucoma is from a case report of congenital glaucoma resulting
from deletion of the HBPI gene. The HBPI gene, a transcriptional repressor
participates in the Wnt signaling pathway [22]; and is expressed in retina,
cornea and ciliary body [genecards.org database].
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All our PCG patients had mutations in the CYPIBI gene. However,
the exact mechanism of how CYPIBI mutations contribute to PCG
pathogenesis is not fully understood. CYPIBI is expressed in cornea,
ciliarybody, iris, and retina. However, no expression has been identified
in the TM. Higher expression of CYP1B1 in fetal eyes as compared to the
adult eye suggests a role in the maturation of ocular tissues [23]. There
is no clear link between Wnt signaling and CYP1B1 although emerging
data are connecting Wnt signaling with members of the cytochrome
P450 family of enzymes in other cell types, including activation of Wnt
signaling by CYP1B1 via transcription factor Sp1[24]. However, links
in the TM between Wnt and CYP1B1 are as yet not known.

In our study, the 4 of the 5 miRNAs associated with the Wnt
signaling pathway were down-regulated. The interaction between
up- and down- regulation of miRNAs and mRNA can be variable. In
general, up-regulated miRNAs may silence target genes by interfering
with translation without reducing the expression levels of the target
mRNAs or mRNA degradation can indeed be induced by miRNAs.
Furthermore, additional evidence that the expression of miRNAs
decreases the abundance of many transcripts carrying potential miRNA
target sites [25]. Based on the known functions of miRNAs expression,
it is possible that the down-regulation of miRNAs in the AH of PCG
patients causes interference in the Wnt signaling pathway in the TM,
resulting in IOP elevation.

It was observed that 3 miRNAs of the miR-548 gene family including
miR-548aa, miR-548t-3p and miR-548aj-3p were significantly elevated
in PCG patients; with the former two miRNAs showing more than
2-fold increased levels. miR-548aa and miR-548t-3p although located
on different chromosomes, 8 and 4 respectively, however, have same
mature sequence and target genes. miR-548 consists of a large 69
member, poorly conserved primate-specific miRNA gene family
located on almost all the chromosomes except 19 and Y [26]. Functional
enrichment analysis have shown that this miRNA gene family plays
important roles in multiple biological processes and human diseases
including, regulation of actin cytoskeleton, Wnt signaling pathway,
ubiquitin mediated proteolysis, TGF-beta signaling pathway, various
cancers and Alzheimer’s disease [26]. Considering the specific role of
Wnhnt signaling pathway (as discussed above) and TGF-beta signaling
pathway in glaucoma pathogenesis [27] it is possible that miR-548aa
and miR-548t-3p may have a role to play in congenital glaucoma via
one or more of these pathways.

Other miRNA that also needs a specific mention is miR-638
which showed more than 2-fold decrease in the patient group.
Pathway analysis indicated that this miRNA significantly affects
drug metabolism pathway involving a single cytochrome P450 gene,
CYP3A43. Mutations in CYPIBI gene has been linked to PCG which
is a major cause of congenital glaucoma in the kingdom of Saudi
Arabia [3]. However, the role for other cytochrome P450 genes cannot
be ruled out [28]. A recent study [22] reported a de novo deletion of
7q22.1 involving a small cluster of cytochrome P450 genes including
CYP3A4, CYP3A5, CYP3A7, and CYP3A43 in a young female patient
with congenital glaucoma highlighting the importance of other
CYP genes and the role miR-638 may have in PCG. Members of the
subfamily 3A are expressed in human iris, ciliary body and cornea
[29]; and interestingly, CYP3A43 has been shown to be differentially
expressed in human cornea [30] and lens. The role of miR-638 and
its interaction with the cytochrome P50 family of genes needs to be
further investigated.

In conclusion, the study highlights changes in the aqueous humor
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miRNA profile of patients with congenital glaucoma compared to
controls and suggests a plausible role for Wnt signaling pathway in
PCG. Further functional studies are needed to identify the biological
significance of these miRNAs, particularly miR-548aa, miR548t-3p and
miR-638, and their contribution to the pathogenesis of PCG.
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