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Abstract

The current study investigates whether microRNA (miRNA) regulators of epithelial-mesenchymal
transition (EMT), tissue fibrosis, and angiogenesis are differentially expressed in human primary
pterygium. Genome-wide miRNA and mRNA expression profiling of paired pterygium and
normal conjunctiva was performed in the context of conventional excision of pterygium with
autotransplantation of conjunctiva (n=8). Quantitative real time polymerase chain reaction (QRT-
PCR) was used to validate the expression of key molecules previously detected by microarray. In
pterygium, 25 miRNAs and 31 mRNAs were significantly differentially expressed by more than
two-fold compared to normal conjunctiva. 14 miRNAs were up-regulated (miR-1246, —486, —451,
-3172, -3175, -1308, —1972, —-143, -211, -665, —1973, —18a, 143, and —663b), whereas 11 were
down-regulated (miR-675, —200b-star, —200a-star, —29b, —200b, —210, —141, -31, —200a, —934,
and —375). Unsupervised hierarchical cluster analysis demonstrated that members of the miR-200
family were coexpressed and down-regulated in pterygium. The molecular and cellular functions
that were most significant to the miRNA data sets were cellular development, cellular growth and
proliferation, and cellular movement. qRT-PCR confirmed the expression of 15 of the 16 genes
tested and revealed that miR-429 was down-regulated by more than two-fold in pterygium. The
concerted down-regulation of four members from both clusters of the miR-200 family (miR-200a/
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—200b/-429 and miR-200c/-141), which are known to regulate EMT, and up-regulation of the
predicted target and mesenchymal marker fibronectin (FN1), suggest that EMT could potentially
play a role in the pathogenesis of pterygium and might constitute promising new targets for
therapeutic intervention in pterygium.
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1. Introduction

Pterygium is a common degenerative disease of the ocular surface in which wedge-shaped
ingrowth of conjunctival tissue invades the peripheral cornea. The condition is associated
with chronic ultraviolet radiation exposure and is characterized by induction of cell
proliferation, squamous metaplasia, goblet cell hyperplasia, inflammation, fibrosis,
angiogenesis, and extracellular matrix breakdown (Chui et al., 2008). Recent studies also
provide evidence that pterygium is a stem cell disorder with premalignant features (Chui et
al., 2011; Hirst et al., 2009), and that epithelial-mesenchymal transition (EMT) may play a
key role in the pathogenesis (Ando et al., 2011; Kato et al., 2007b). Although considerable
progress has been made towards understanding the etiology of the disease, the pathogenesis
of pterygium is not completely understood (Bradley et al., 2008; Chui et al., 2008).

EMT is critical in both developmental processes (Bolender and Markwald, 1979; Duband et
al., 1995; Griffith and Hay, 1992; Viebahn, 1995), wound healing and tissue remodeling
(Weber et al., 2012), and tumor metastasis (Thiery et al., 2009) and describes a reversible
series of events during which epithelial cells lose cell-cell contacts and acquire
mesenchymal characteristics (Gregory et al., 2008b). These events involve molecular
reprogramming of the cell, including loss or redistribution of epithelial-specific cell-cell
adhesion molecules such as E-cadherin, and turning on of mesenchymal markers including
fibronectin, vimentin and N-cadherin (Thiery and Sleeman, 2006). Studies of tumor biology
suggest that signaling pathways involving TGFS, Wnt, Notch and growth factors such as
PDGF and FGF may induce EMT (Moustakas and Heldin, 2007). Upon stimulation by
TGFp, ZEB transcription factors (ZEB1/ZEB2) are up-regulated, resulting in their binding
to E-box elements and repression of E-cadherin and polarity factor genes, which ultimately
leads to EMT (Gregory et al., 2008Db).

MicroRNAs (miRNA) are a class of noncoding RNAs of 18-24 nucleotides that post-
transcriptionally down-regulate gene expression and modulate the expression of 20% or
more of the human genome (Lewis et al., 2005; Xie et al., 2005). miRNAs down-regulate
gene expression by binding to the 3’-untranslated region (UTR) of protein coding
transcripts, resulting in either mRNA cleavage or translational repression (Ambros, 2004;
Bartel, 2004; Lai, 2003). In recent years, the miRNA transcriptomes of the mammalian
retina (Arora et al., 2007; Karali et al., 2007; Lagos-Quintana et al., 2003; Loscher et al.,
2007; Ryan et al., 2006; Xu et al., 2007), lens (Frederikse et al., 2006; Ryan et al., 2006) and
cornea (Ryan et al., 2006) have been identified and characterized, and similarities in the
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miRNA expression profiles have called into question whether ocular tissues may have
common MiRNA signatures (Xu, 2009). In spite of these progresses, the function and
pathophysiological role of miRNAs in ophthalmology are still largely elusive. To date, only
a few studies have investigated the gene expression profile of human pterygia, reporting
differentially expressed extracellular matrix-related, fibrogenic, angiogenic,
proinflammatory, and oncogenic genes (John-Aryankalayil et al., 2006; Tong et al., 2009).
However, Chen et al. are the only ones to report data on the role of miRNAs in pterygium
demonstrating that miR-766 and miR-215 may cause changes in genes that regulate wound
healing processes (Chen S, et al. IOVS 2010;51: ARVO E-Abstract 2403).

We hypothesized that miRNAs are involved in the molecular pathogenesis of pterygium,
and aimed to identify miRNAs in pterygium in order to improve our understanding of the
pterygium pathogenesis. Specifically, the current study investigates whether miRNA
regulators of EMT (Burk et al., 2008; Gregory et al., 2008a; Korpal et al., 2008; Park et al.,
2008), tissue fibrosis (Kato et al., 2007a; Kwiecinski et al., 2011; Pottier et al., 2009; Thum
et al., 2008; van Rooij et al., 2008; Wang et al., 2008) and ocular angiogenesis (Shen et al.,
2008) are differentially expressed in human primary pterygium compared to normal
conjunctiva.

2. Materials and methods

2.1 Patients and specimens

The study was approved by the South-Eastern Norway Regional Committee for Research
Ethics, and was conducted in accordance with the official regulations for clinical research
and the Declaration of Helsinki. Inclusion criteria were the presence of untreated primary
nasal pterygium, clinical indication for conventional excision of pterygium with auto-
transplantation of conjunctiva, and Caucasian origin to remove the potential confounding
effect of ethnicity on the microarray analysis. Eight patients referred for elective pterygium
surgery, six males (aged 47 to 82 years old, mean age 65 years), and two females (aged 27 to
49 years old, mean age 38 years), provided written informed consent and were included in
the study. Preoperative slit lamp photography (Haag-Streit BQ900/1M900, Koeniz,
Switzerland) and anterior segment optical coherence tomography (Topcon 3D OCT 1000,
Topcon Corp., Tokyo, Japan) were performed in all study participants to demonstrate the
extension of the pterygium onto the cornea (Fig.1). The corneal ingrowth in patients 1-8
was 4 mm, 2 mm, 4.5 mm, 3 mm, 3 mm, 2 mm, 3 mm, and 4 mm, respectively.
Conventional excision of pterygium with autotransplantation of a superotemporal
conjunctival graft and the use of fibrin tissue adhesive (Suppl. Fig. 1) was carried out under
local anesthesia by a single surgeon (DHE). A small rectangular piece of normal
conjunctival tissue was excised from the autograft and served as control tissue. The
pterygium tissue was immediately trimmed under a Nikon ZMZ800 stereoscopic
microscope (Nikon corp., Chiyoda-ku, Tokyo, Japan) using aseptic technique, and normal
conjunctival tissue was eliminated from the resection edges of the pterygium. Next, the
tissues were placed in individual culture dishes and washed three times with sterile,
physiological NaCl-solution. Finally, the tissues were transferred to 2 ml Eppendorf Safe-
Lock microcentrifuge tubes (Eppendorf, Hamburg, Germany) and stored at —86°C.
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2.2 RNA isolation

Total RNA was extracted from biopsies using Qiagen miRNeasy Mini Kit (Qiagen Inc. Inc.,
Venlo, Netherlands), according to the manufacturer’s protocol. The frozen biopsies were
treated with 700 pul of QIAzol Lysis Reagent (Qiagen Inc.) and shaken for two minutes by a
Qiagen TissueLyser (Qiagen Inc.) with a frequency of 30/min to assure sample disruption.
In addition, Phase Lock Gel Heavy 2 ml (5 PRIME, Hamburg, Germany) was used to
increase yield and eliminate interphase contamination of nucleic acid solution.
Concentration was determined by measurement with the Nano Drop ND-1000
Spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). RNA integrity was
assessed by the Agilent BioAnalyzer 2100 System and RNA 6000 Nano Assay (Agilent
Technologies, Santa Clara, CA). RNA samples were immediately frozen and stored at
-80°C.

2.3 RNA labeling, microarray hybridization, preprocessing and normalization of raw
microarray data miRNA expression analysis

200 ng of total RNA was used for labeling of microRNA by the Genisphere FlashTag HSR
kit following the manufacturer's recommendations (Genisphere, Hatfield, PA). Labeled
RNAs were hybridized to the GeneChip miRNA 2.0 Array (Affymetrix, Santa Clara, CA) as
recommended by the manufacturer. The arrays were washed and stained using FS-450
fluidics station (Affymetrix). Signal intensities were detected by Hewlett Packard Gene
Array Scanner 3000 7G (Hewlett Packard, Palo Alto, CA). The scanned images were
processed using the AGCC (Affymetrix GeneChip Command Console) software, and the
CEL files were imported into Partek Genomics Suite software (Partek, Inc. MO, USA). The
Robust Multichip Analysis algorithm was applied for generation of signal values and
normalization. Gene transcripts with maximal signal values that were less than six across all
arrays were removed to filter for low and non-expressed genes, reducing the number of gene
transcripts to 428.

2.4 mRNA expression analysis

100 ng of total RNA were subjected to Ambion WT Expression Kit (Ambion, Austin, TX)
and GeneChip WT Terminal Labeling Kit (Affymetrix), following the manufacturers’
protocols for whole genome gene expression analysis. Microarray analyses were performed
using the Affymetrix GeneChip Human Gene 1.1 ST Array strips (Affymetrix), which
contain more than 28,000 gene transcripts. The arrays were hybridized, washed, stained and
scanned using the GeneAtlas™ Personal Microarray System (Affymetrix). The scanned
images were processed using the GeneAtlas Instrument Control Software, and the CEL files
were imported into Partek Genomics Suite software (Partek). The RMA algorithm was
applied for generation of signal values and normalization. Gene transcripts with maximal
signal values of less than 16 across all arrays were removed to filter for low and non-
expressed genes, reducing the number of gene transcripts to 18,690.

2.5 Microarray data analysis

The expression profiles were compared using a two-way ANOVA model, and the expression
level was given as average normalized (log transformed) signal intensity. Correction for
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multiple testing was performed using false discovery rate (FDR) controlling procedures
(Benjamini and Hochberg, 1995). Lists with differentially expressed genes were generated
using both unadjusted values and FDR<10%. A p-value <0.05 was considered statistically
significant. To further reduce the complexity of data and identify co-expressed genes or the
similarity of samples, hierarchical clustering analysis was made using Partek Genomics
Suite Software (Partek). Biological functional analysis, pathway analysis, and prediction of
miRNA-targeted genes were performed using Ingenuity Pathways Analysis (IPA, Ingenuity
Systems, Redwood City, CA, USA, www.ingenuity.com). Briefly, the data sets containing
gene identifiers, corresponding fold changes, and p-values were uploaded into the web-
delivered application. Then, each gene identifier was mapped to its corresponding gene
object in the Ingenuity Knowledge Base (IKB, Ingenuity Systems). The biological
functional analysis identified the biological functions and/or diseases that were most
significant to the data sets. Fisher’s exact test was performed to calculate the probability that
each biological function and/or disease assigned to the data set was due to chance alone. A
network based upon the IKB was generated by connecting protein nodes to represent direct
and indirect biological relationships. To simplify the view, only genes of proteins related to
EMT, tissue fibrosis, and ocular angiogenesis were included, and unconnected nodes were
removed. Predicted miRNA targets were determined using the Target Filter of IPA. The
Target Filter is using the miRNA-mRNA target databases TargetScan, TarBase, miRecords,
and Ingenuity expert findings in order to identify mRNA targets of miRNAs.

2.6 Quantitative real-time reverse transcription polymerase chain reaction (Q-RT-PCR)

Q-RT-PCR reactions were performed using ViiA 7 Real-Time PCR System (Applied
Biosystems, Carlshad, CA) to validate a selected panel of miRNAs and mRNAs primarily
related to epithelial-mesenchymal transition, tissue fibrosis, and angiogenesis. 10 ng of
totalRNA from pterygium and normal conjunctival tissue were reverse transcribed using the
TagMan MicroRNA RT Kit (Applied Biosystems) and specific primer/probes for each
microRNA. Thereafter, 1.3 puL product from the RT reaction (diluted 1:15), 7.7 uL H,O, and
1 uL primer/probes (TagMan MicroRNA Assay 20X, Applied Biosystems) were added to 10
pL universal PCR Master Mix (TagMan, Applied Biosystems). MIR23b, showing a variance
of 0.019 in the microarray experiments, served as endogenous control. Assays used were
MIR200A-502, MIR200B-2251, MIR200C-2300, MIR141-463, MIR429-1024,
MIR29A-2112, MIR29B-413, MIR29C-587, and MIR23B-400 (Applied Biosystems).

From the pterygium and normal conjunctival tissue, 200 nanograms of totalRNA were
reverse transcribed using the Omniscript RT Kit (Qiagen Inc.). Nine uL cDNA (diluted 1:10
in H,0) and 1 L of primer/probes (TagMan Gene Expression Assays, Applied Biosystems)
were added to 10 pL universal PCR master mix (TagMan, Applied Biosystems). Each gene
was run in triplicates. EXOSC10 (exosome component 10), showing a variance of 0.004 in
the microarray study, was used as endogenous control. The following assays were used:
FN1-Hs00365052_m1, ZEB1-Hs00232783_m1,EB2-Hs00207691_m1, VIM-
Hs00185584_m1, LTBP2-Hs00166367_m1, PECAM1-Hs00169777_m1, VWF-
Hs00169795_m1, CCL19-Hs00171149 m1, and EXOSC10-Hs00160216_m1 (Applied
Biosystems).
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The relative changes of each transcript were calculated by the cycle threshold method (AACt
method) (Livak and Schmittgen, 2001). Statistical comparison of Q-RT-PCR data was
performed with the paired Student’s t-test (Excel, Microsoft, Redmond, WA). P<0.05 was
considered significant.

3.1 Global miRNA and gene expression profiling

Inter-individual variability in gene expression was the major source of variation in the
genome-wide miRNA and mRNA expression analysis (Suppl. Fig. 2). Using filtering
criteria of a 1.5 or greater fold change in expression, and a p-value of < 0.05, 70 miRNAs
out of 15.644 probe sets were differentially expressed in human primary pterygium samples
relative to normal conjunctiva. 25 miRNAs were significantly differentially expressed by
more than two-fold. 14 of these genes (56%) showed increased expression (Table 1), while
11 (44%) showed decreased expression (Table 2). With regard to miRNAs involved in
EMT, the miR-200 family members miR-200a, miR-200b, and miR-141 were down-
regulated in pterygium, whereas miR-200c¢ (FC=-1.36, P=0.007) and miR-205 (FC=1.19,
P=0.23) exhibited less than a 1.5fold change. miR-429 was not detected either in pterygium
or normal conjunctiva. The tissue fibrosis regulators miR-29b and miR-192 were down-
regulated in pterygium, whereas mir-29a and mir-29¢c demonstrated less than a 1.5-fold
change. Among the putative regulators of ocular angiogenesis, miR-146, -199a, and -451
were up-regulated, and miR-31 was down-regulated in pterygium. None of the 70 miRNAs
remained significant after correction for multiple testing using a FDR of 10%.

Of the mRNAs, 390 out of 28.869 probe sets were differentially expressed in human
primary pterygium samples relative to normal conjunctiva using filtering criteria of a 1.5 or
greater fold change in expression and a p-value less than 0.05. Table 3 presents a selection
of mRNAs related to EMT, tissue fibrosis, and angiogenesis. Key molecules in EMT
including collagen, type 111, alpha 1 (COL3A1), fibronectin 1 (FN1), latent transforming
growth factor beta binding protein 2 (LTBP2), matrix metallopeptidase 2 (MMP2), notch 1
(NOTCHL), secreted protein acidic cysteine-rich (osteonectin /SPARC), transcription factor
4 (TCF4), transforming growth factor beta 2 (TGB2), and vimentin (VIM) were up-
regulated in pterygium. On the other hand, E-Cadherin (CDH1, FC=-1.0, P=0.58), catenin
beta-1 (CTNNBL1, FC=-1.0, P=0.46), shail homolog 1 (Drosophila) (SNAI1) and 2 (SNAI2,
FC=-1.1, P=0.42), and zinc finger E-box binding homeobox 1 (ZEB1, FC=1.4, P=0.02) and
2 (ZEB2, FC=1.2, P=0.03) demonstrated less than a 1.5-fold change or were not detected.
Regarding tissue fibrosis and angiogenesis, actin, alpha 2, smooth muscle, aorta (ACTA),
aquaporin 1 (Colton blood group) (AQP1), chemokine (C-C motif) ligand 19 (CCL19),
COL3AL, connective tissue growth factor (CTGF), platelet/endothelial cell adhesion
molecule 1 (PECAML1), and von Willebrand factor (VWF) were up-regulated in pterygium.
31 genes were differentially expressed genes using a FDR of 10%. Among those, 17 probe
sets (55%) were up-regulated (Suppl. Table 1), whereas 14 probe sets (45%) were down-
regulated (Suppl. Table 2). LTBP1, FN1, AQP1, CCL19, PECAML, and VWF remained
significant after correction for multiple testing.
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3.2 Clustering analysis

The euclidean, unsupervised, hierarchical clustering of the 25 miRNA probe sets and 31
MRNA probe sets is visualized in the form of heat maps (Fig. 2A and B). A cluster of down-
regulated miRNAsS, containing the miR-200 family members miR-200a, miR-200b, and
miR-141 with a similar expression profile across all the samples was detected in pterygium.
Furthermore, miR-29b was coexpressed with members of the miR-200 family. No specific
cluster was found among the differentially expressed mRNAs.

3.3 Biological functional analysis

The 25 miRNA probe sets and 31 mMRNA probe sets were subject to biological functional
analysis. The molecular and cellular functions that were most significant to the miRNA data
sets were cellular development, cellular growth and proliferation, and cellular movement.
According to Ingenuity Pathway Analysis, cellular development describes functions
associated with the development and differentiation of cells. This includes cellular functions
that are involved in specific kinds of differentiation as well as developmental functions such
as maturation and senescence of cells.

The top three molecular and cellular functions that were most significant to the mRNA data
sets were cellular movement, cell-to-cell signaling and interaction, and cellular compromise.
Cellular compromise describes functions associated with the damage or degeneration of
cells or any process that might compromise the function of the cell.

Figure 3 demonstrates the percentage of miRNAs (Fig. 3A) and mRNAs (Fig. 3B) with
regard to the number of molecules with different biological functions that were dysregulated
in pterygium.

3.4 Pathway analysis

Pathway analysis demonstrated important consistencies between the observed down-
regulation of members of the miR-200 family and up-regulation of targets associated with
EMT including markers of EMT such as FN1 and MMP2 and activators of EMT such as
NOTCH1, TCF4, ZEB1, and ZEB1 (Fig. 4).

3.5 Prediction of miRNA-targeted genes

Predicted targets among the 31 differentially expressed mMRNAs (fold change = 2, FDR of
10%) of miRNAs specifically involved in EMT (miR-200a, —200b, and —141), fibrosis
(miR-29b), and angiogenesis (miR-31 and miR-451) are presented in Table 4. In particular,
FN1 was identified as a target of miR-200b.

3.6 Validation of gene microarray data

The gRT-PCR analysis demonstrated that the direction and magnitude of changes were
consistent with the results obtained from the microarray analysis for all genes selected for
validation except miR-429 which was down-regulated by more than two-fold in pterygium
(FC=-2.04, P=0.002) (Fig. 5). All genes except miR-29a and miR-29c were significantly
changed (P<0.05).
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4. Discussion

This study represents the first comparative genome-wide miRNA and mRNA expression
analysis of human primary pterygium. Our data demonstrated that pterygium is associated
with significant changes in expression of multiple miRNAs that could potentially play a role
in the pathogenesis of pterygium.

Down-regulation of the miR-200 family has been shown to be critical for TGF-$-induced
EMT (Gregory et al., 2008a). In the present study, there were important consistencies
between the concerted down-regulation of members of the miR-200 family and the up-
regulation of target genes associated with EMT. These genes included markers of EMT such
as FN (Thiery, 2003) and MMP2 (Park and Schwarzbauer, 2013), the NOTCHZ1 receptor
which can promote myofibroblast differentiation (Liu et al., 2009; Saad et al., 2010), and
transcription factors such as TCF4, ZEB1, and ZEB2 that are known to contribute to the
induction of EMT (Sanchez-Tillo et al., 2011; Schmalhofer et al., 2009). FN has been shown
to enhance EMT through different mechanisms (Camara and Jarai, 2010; Park and
Schwarzbauer, 2013). The down-regulation of miR-200a, miR-200b, and miR-141 and up-
regulation of the mesenchymal marker and predicted target FN1 (Hu et al., 2009) were
confirmed by qRT-PCR. Furthermore, gRT-PCR revealed that miR-429, the fourth member
of the miR-200 family, was significantly down-regulated.

EMT is a process essential to wound healing and tissue remodeling after injuries like
thermal burns (Weber et al., 2012) characterized by differentiation of epithelial cells into
myofibroblasts that rebuild the extracellular matrix and facilitate wound contraction. The
hypothesis of EMT being involved in the pathogenesis of pterygium which is associated
with chronic ultraviolet radiation exposure, was first proposed by Kato et al. (Kato et al.,
2007b). Histopathology and electron microscopy revealed aberrant, fibrotic proliferation
beneath the pterygium epithelium and dissociated epithelial cells that were surrounded by
activated fibroblast-like cells. Immunohistochemical analyses demonstrated down-regulated
E-cadherin, intranuclear accumulation of f-catenin and lymphoid-enhancer-factor-1, and
immunopositivity of MMP-7, SNAIL and SNAI2 in pterygial epithelial cells. Down-
regulation of E-cadherin and -catenin were later confirmed by Kase et al. (Kase et al.,
2007).

The miR-200 family of miRNAs is an important regulator of EMT (Burk et al., 2008;
Gregory et al., 2008a; Korpal et al., 2008; Park et al., 2008) and consists of five members
that in humans are found in two clusters located on chromosome 1 (miR-200a/-200b/-429)
and chromosome 12 (miR-200c/-141). In brief, the miR-200 family promotes the epithelial
phenotype through post-transcriptional repression of ZEB1/ZEB2 and TGFf2, thereby
enabling the expression of E-cadherin and polarity factors that are integral in forming cell-
cell junctions (Gregory et al., 2008b). Although we did not detect a significant change in
mRNA expression of the ZEB1 and ZEB1 regulated gene CDHL1, it has to be taken in
consideration that transcriptional regulation by ZEB1 and ZEB2 is complex and involves
multiple co-factors (Camara and Jarai, 2010). Variations in the levels of different ZEB1 co-
factors might modulate ZEB1 activity, thus preventing its inhibitory effect on the CDH1
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promoter. In addition, the deregulation of other CDH1 modulators different from ZEB1 and
ZEB?2 could potentially contribute mask its repression by these transcription factors.

Among the proposed regulators of tissue fibrosis (miR-21, —29a, —29h, —29¢, — 155, —192,
and —377) (Kato et al., 2007a; Kwiecinski et al., 2011; Pottier et al., 2009; Thum et al.,
2008; van Rooij et al., 2008; Wang et al., 2008) and ocular angiogenesis (miR-31, —106a,
-146, -150, —181, -184, —199a, —-214, -424, and -451) (Shen et al., 2008) miR-29b, -192,
-31, -146, —1993, and —451 were differentially expressed using filtering criteria of a 1.5 or
greater fold change in expression and a p-value of < 0.05. Potential targets of the
dysregulated miRNAs were not identified in the present study, even though fibrosis related
genes including ACTA2, AQP1, CCL19, COL3A1, and CTGF, and genes associated with
angiogenesis, such as PECAM1 and VWF, were up-regulated.

Reports on the expression of mMiRNA and mRNA in human pterygium are limited. Recently,
a study comparing paired human pterygium and conjunctival tissues using a miRNA array
with 3100 miRNA probes found that miR-766 was significantly up-regulated, and the
predicted down-regulation of miR-766 targets nuclear receptor subfamily 4, group A,
member 1 (NR4A1) and EGF containing fibulin-like extracellular matrix protein 1
(EFEMP1) (Chen S, et al. IOVS 2010;51: ARVO E-Abstract 2403). Moreover, miR-215
was down-regulated, and the predicted targets collagen, type Il1, alpha 1 (COL3A1) and
collagen, type IV, alpha 2 (COL4A2) were up-regulated. In summary, the authors concluded
that the change in expression of miR-766 and miR-215 may cause changes in genes that
regulate wound healing processes. Our results were partly in line with those of Chen et al.
confirming the down-regulation of EFEMP1 and up-regulation of COL3A1, whereas neither
miR-766, miR-215, or NR4A1 were differentially expressed in our study. The discrepancies
may reflect the use of different microarrays and differences in normalization. Similarly to
John-Aryankalayil et al. and Tong et al., we found FN1, PECAM1, and VFW to be up-
regulated in pterygium compared to normal conjunctiva (Suppl. Table 3) (John-Aryankalayil
et al., 2006; Tong et al., 2009). Tong also reported changes in the direction and magnitude of
AQP1, LTBP2, SERPINB13, SERPINE2, RARRESL, and IGFBP3 expression that were
comparable to our results (Tong et al., 2009).

Several diseases are characterized by global changes in a number of different regulatory
systems, for example DNA repair, apoptosis, and cell adhesion (Garzon et al., 2010). Since
miRNAs may alter a high number of genes, only one or a few miRNAs may therefore be
sufficient to affect complex regulatory systems. By altering miRNA levels, these systems
may, therefore, effectively be reverted to a normal and healthy state (Garzon et al., 2010).
For up-regulation of miRNAs, there are two major strategies. mMiRNA mimics (duplexes)
can be used in conjunction with different sorts of lipid formulations, or miRNAs can be
delivered using a viral vector, encoding a miRNA hairpin (Garzon et al., 2010). Down-
regulation of miRNAs can be obtained through administration of anti-sense nucleotides,
which are often chemically modified to enable both stability and specificity. A clear
advantage of sequence-based miRNA drugs is its simple and essentially one-dimensional
nature. This contrasts sharply with de novo development of more traditional protein-based
drugs with challenging three-dimensional protein structures and protein—drug interactions.
Moreover, knowledge on miRNA sequence readily translates to the most appropriate design
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of potential associated drugs. This may boost progress in therapeutic drug development
(Lanford et al., 2010). In 2005, only 12 years after miRNA was discovered, the first
demonstration that miRNA antagonism has the potential to become a new efficient kind of
therapy was published (Krutzfeldt et al., 2005). Since then, several therapies have been
introduced clinically and one miRNA-based therapeutic has already entered Phase 2 clinical
trials (Lanford et al., 2010; Vinther et al., 2012).

There are limitations to the study that should be acknowledged. First, the number of study
patients was limited. Second, the relationship between gene expression and pterygium
severity with regard to corneal ingrowth, pterygial thickness or pterygial vascularity was not
studied. Third, fluctuations in mMRNA translation and protein level were not investigated.
Caution should therefore be exercised when generalizing our data to a wider population of
patients with pterygium and making conclusions on the role of miRNAs in the pathogenesis
of pterygium. Adequately powered studies are warranted applying immunofluorescence,
proteomics or protein level quantification of the miRNA targets in patients with pterygium
staged according to severity level.

In conclusion, our data demonstrated that pterygium is associated with significant changes in
expression of multiple miRNAs. Some of the changes identified in this study suggest new
mechanisms potentially relevant in the formation of pterygium. Future investigations should
help to evaluate the relevance of these miRNAs in the pathogenesis of pterygium and their
potential as therapeutic targets for this disease.
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Figure 1. Patients
Anterior photography and anterior segment optical coherent tomography of the 8 study

patients demonstrating the hyperreflective pterygium extending onto the cornea destructing
the Bowman’s membrane.
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Figure 2. Hierarchical clustering analysis
Two-dimensional euclidean unsupervised hierarchical clustering analysis of the (A) 25

miRNA probe sets and (B) 31 mRNA probe sets visualized in the form of heat maps.
Expression levels are indicated on a color scale where red represents the up-regulated genes
and blue the down-regulated genes. The shorter the length of the branches, the more co-
expressed the members of the genes are.
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B. mRNAs Dysregulated in Pterygium
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Figure 3. Biological Function of Dysfunctional Genes
Pie charts showing the percentage of (A) miRNAs and (B) mRNAs with different biological

functions that were dysregulated in pterygium. The biological functional analysis identified
the biological functions and/or diseases that were most significant to the data sets.
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Figure 4. Pathway analysis
Network demonstrating direct and indirect biological relationships in human primary

pterygium. Each node represents a molecule or cluster of molecules, and the intensity of
node color in the networks indicates the degree of downregulation (green) or upregulation
(red) of gene expression. Arrows indicate the direction of 25 intermolecular actions. The
diagram shows important consistencies between the observed downregulation of members
of the miR-29 and miR-200 families and targets associated with epithelial-mesenchymal
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transition (EMT) including activators of EMT such as NOTCH1, TCF4, ZEB1, and ZEB1,
and markers of EMT such as MMP2 and FN.
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Figure 5. Validation of Microarray Data
Bar graph showing the correlation of microarray data with quantitative real-time reverse

transcription polymerase chain reaction (Q-RT-PCR) transcript levels. The X axis shows a
selected panel of miRNAs and mRNAs primarily related to epithelial-mesenchymal
transition, tissue fibrosis, and angiogenesis. The Y-axis features black and grey bars which
represent the fold change by microarray and Q-RT-PCR experiment, respectively.

Exp Eye Res. Author manuscript; available in PMC 2014 December 29.

FN1

434

| PECAM1
| 270
3.76



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Engelsvold et al.

Up-regulated miRNAs in human primary pterygium (fold change = 2, P<0.05)

TABLE 1

Gene symbol  Official name provided by HGNC2@  Fold change?  P-value
MIR1246 miRNA1246 45 0.001
MIR486 miRNA486 4.4 0.004
MIR451 miRNA451 41 0.010
MIR3172 mMiRNA3172 3.4 0.009
MIR3175 miRNA3175 3.3 <0.001
MIR1308 miRNA1308 3.2 0.02
MIR1972 miRNA1972 3.0 <0.001
MIR143C miRNA143 2.7 0.008
MIR211 miRNA211 2.7 0.03
MIR665 miRNA665 2.3 0.01
MIR1973 miRNA1973 2.2 0.04
MIR18A miRNA18A 21 0.004
MIR143 miRNA143 2.0 0.006
MIR663B miRNA663b 2.0 0.02

Up-regulated miRNAs in human primary pterygium versus normal conjunctival tissue.

aHGNC: HUGO Gene Nomenclature Committee.

Expression level is given as average normalized (log transformed) signal intensity.

CAntisense miRNA
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Down-regulated miRNAs in human primary pterygium (fold change = 2, P<0.05)

TABLE 2

Gene symbol  Official name provided by HGNC2  Fold change® ~ P-value
MIR675 miRNA675 -2.0 0.005
MIR200BC  MIRNA200b -2.1 0.002
MIR200AC miRNA200a -2.3 0.002
MIR29B miRNA29b -2.3 0.005
MIR200B miRNA200b -2.3 <0.001
MIR210 miRNA210 -2.4 <0.001
MIR141 miRNA141 -25 <0.001
MIR31 miRNA31 -2.6 0.02
MIR200A miRNA200a -2.7 <0.001
MIR934 miRNA934 -3.0 <0.001
MIR375 miRNA375 -3.7 0.03

Down-regulated miRNAs in human primary pterygium versus normal conjunctival tissue.

aHGNC: HUGO Gene Nomenclature Committee

Expression level is given as average normalized (log transformed) signal intensity

CAntisense miRNA
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TABLE 3
MRNA s related to epithelial-mesenchymal transition, tissue fibrosis, and angiogenesis in human primary
pterygium
Gene symbol  Official name provided by HGNC? Fold change®

Epithelial-mesenchymal transition

CALD1 Caldesmon 1 1.6
CAMK2N1 Calcium/calmodulin-dependent protein kinase 11 inhibitor 1 -2.2
COL3Al Collagen, type I, alpha 1 17
FN1 Fibronectin 1 2.6
IGFBP4 Insulin-like growth factor binding protein 4 15
MMP2 Matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 72kDa type 1V collagenase) 1.8
MSN Moesin 15
NOTCH 1 Notch 1 15
PDGFRB Platelet-derived growth factor receptor, beta polypeptide 1.6
SPARC Secreted protein, acidic, cysteine-rich (osteonectin) 1.6
TGFB2 Transforming growth factor, beta 2 1.6
TFPI2 Tissue factor pathway inhibitor 2 -2.3
VIM Vimentin 15
Tissuefibrosis

ACTA2 Actin, alpha 2, smooth muscle, aorta 2.7
AQP1 Aquaporin 1 (Colton blood group) 2.7
CCL19 Chemokine (C-C motif) ligand 19 2.0
COL3Al Collagen, type I, alpha 1 1.7
CTGF Connective tissue growth factor 2.0
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TABLE 4

Prediction of miRNA-targeted genes

Gene symbol

Predicted targets among the 31 differentially expressed
mRNAs (fold change = 2. false discovery rate of 10%)

Epithelial-mesenchymal transition

MIR200A SERPINB13, SEMA3E, SULF2
MIR200B FN1, SERPINB13, SEMASE, SULF2, KLHL14
MIR141 SERPINB13, SEMA3E, SULF2

Tissue fibrosis

MIR29B None
Angiogenesis

MIR31 None
MIR451 None

Page 26

The miRNA-targeted genes were predicted by the miRNA-mRNA target databases Target Scan (www.targetscan.org/). TargetScan predicts

biological targets of miRNAs by searching for the presence of conserved 8mer and 7mer sites that match the seed region of each miRNA.
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