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Abstract

Background: Recently, it has been reported that miRNA is involved in pterygium, however the exact underlying
mechanism in pterygium is unrevealed and require further investigation.

Methods: The differential expression of miRNA in pterygium was profiled using microarray and validated with
guantitative real-time polymerase chain reaction (qRT-PCR). Human conjunctival epithelial cells (HCEs) were cultured
and treated with transforming growth factor {3 (TGF-f3) and epidermal growth factor (EGF) and transfected with miR-
199a-3p/5p mimic and inhibitor. Markers of epithelial-mesenchymal transition (EMT) in HCEs were detected using
western blot and immunohistochemistry. Cell migration ability was determined using wound healing and transwell
assay, while apoptosis was determined by flow cytometry. The target genes of miR-199a were confirmed by the dual-
luciferase reporter assay.

Results: TGF-3 and EGF could induced EMT in HCEs and increase miR-199a-3p/5p but suppress target genes, DUSP5
and MAP3K11. With the occurrence of EMT, cell migration ability was enhanced, and apoptosis was impeded. Promot-
ing MiR-199a-3p/5p expression could induce EMT in HCEs without TGF-f and EGF, while suppressing miR-199a-3p/5p
could inhibit EMT in TGF-f and EGF induced HCEs. In a word, TGF- and EGF induced EMT could be regulated with
miR-199a-3p/5p-DUSP5/MAP3K11 axes. The validated results in tissues showed that, compared with control conjunc-
tival tissues, miR-199a-3p/5p were more overexpressed in pterygium, while DUSP5/MAP3K11 were lower expressed.
In addition, bioinformatics analysis indicated the miR-199a-3p/5p-DUSP5/MAP3K11 was belong to MAPK signalling
pathway.

Conclusions: TGF-(3 and EGF induce EMT of HCEs through miR-199a-3p/5p-DUSP5/MAP3K11 axes, which explains
the pathogenesis of EMT in pterygium and may provide new targets for pterygium prevention and therapy.
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Background

Pterygium is a common ocular surface disease with a
triangular-shaped lesion growing in the limbal conjunc-
tiva and progressively invading toward cornea, affecting
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pterygium. Excessive UVB can lead to the inactivation of
p53, and inactivated p53 promoted the process of epithe-
lial-mesenchymal transition (EMT), contributing to the
pathogenesis of pterygium [5-7]. Nowadays, conjunctival
auto-transplantation is the most common treatment for
pterygium, but the recurrence rates range from 2 to 39%
[8-10].

The process of EMT, manifested in epithelial cells los-
ing the polarity and cell-cell adhesion, and obtaining
the migratory ability to become mesenchymal cells, has
been verified as one of the most significant characteris-
tic of pterygium [11-14]. Transforming growth factor
(TGE-P and epidermal growth factor (EGF) were found
to be two fatal inducement in the process of EMT in vari-
ous diseases [14—17]. TGF- and EGF are overexpressed
in pterygium, and it has been reported that both of them
can be activated by UVB [18, 19]. TGE-J signalling stim-
ulates fibroblasts migration, proliferation and myofi-
broblasts differentiation, which play a significant role
as profibrotic agents in pterygium [20, 21]. While EGF
promotes excessive keratinization and the overexpressed
receptor of EGF (EGFR) leaded to increased prolifera-
tion in pterygium epithelial cells [22, 23]. So, we planned
to induce EMT in human conjunctival epithelial cells
(HCEs) with TGF-p and EGF, which imitates the EMT
initiation in pterygium as a cell model.

On another hand, current studies indicated miRNAs
were involved in pterygium [2, 6, 24—27], but based on
a are a relatively small number of samples [2, 26-28].
MiRNAs are a large class of small non-coding RNAs,
which can complementarily or partially complementa-
rily bind to the 3’-untranslated regions (3/-UTR) of target
mRNAs, leading to degradation or translation repres-
sion [29, 30]. Based on results of miRNA microarray in
the present study, miR-199a-3p/5p showed a significantly
higher expression level in pterygium that in conjunctiva.
MiR-199a-3p/5p was reported to suppress EMT in vari-
ous cancer, such as testicular germ cell tumor, non-small
cell lung cancer, head and neck cancer, and so on [31-33].
But they were also reported to promote the EMT pro-
cess in hepatic fibrosis and idiopathic pulmonary fibrosis
(IPF) [15, 34, 35]. These contradictory results suggest that
miR-199a-3p/5p might have different functions in differ-
ent types of EMT in various diseases. Pterygium is essen-
tially characterized as a kind of fibrosis disease, since
after EMT, the conjunctival epithelial cells obtain motil-
ity and grow toward the cornea, rather than inter-tissue
invasion like tumor.

So, we hypothesized that miR-199a-3p/5p might pro-
mote EMT in fibrotic pterygium. Our objective was to
explore the role of miR-199a-3p/5p in EMT of pteryg-
ium based on the established pterygium EMT cell model
using HCEs with TGF-f and EGF, and eventually to find
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new perspectives on treatments for pterygium occur-
rence and development.

Material and methods
Pterygium samples and control conjunctiva tissue samples
A total of 263 conjunctiva tissues were analysed in this
study, including 234 pterygium samples and 29 control
conjunctiva tissues. All pterygium samples were obtained
from patients who diagnosed with primary pterygium
undergoing a surgical resection and control conjunctiva
tissues were collected from patients who underwent cata-
ract surgery from December 2014 to October 2019 at
Zhongnan Hospital of Wuhan University. Samples were
stored at -80 °C immediately after surgery until used.
This study was approved by the Medical Ethical Com-
mittee of Zhongnan Hospital of Wuhan University and
followed the tenets of the Declaration of Helsinki and
its later amendments. Informed consents were obtained
from all patients before the study was carried out.

MiRNA microarray assay

Total RNA was isolated from frozen tissue using miRNe-
asy Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instruction before evaluated by the
NanoDrop2000 spectrophotometer (Thermo Scientific,
MA, USA). Total RNA was purified and labelled using
FlashTag™ Biotin HSR RNA Labelling Kit (P/N 901,911,
Affymetrix) according to the manufacturer’s instructions
to obtain biotin labelled miRNA. Array hybridization
and wash were performed by GeneChip® Hybridization,
Wash and Stain Kit (P/N900720, Affymetrix Santa Clara
CA, USA) and GeneChip Eukaryotic Hybridization Con-
trol Kit (P/N 900,454, Affymetrix Santa Clara CA, USA)
in Hybridization Oven 645 (P/N 00-0331 (220 V), Affy-
metrix Santa Clara CA, USA) and Fluidics Station 450
(P/N 00-0079, Affymetrix Santa Clara CA, USA) accord-
ing to the manufacturer’s instructions. Arrays were
scanned by GeneChip® Scanner 7G (Affymetrix, Santa
Clara, CA, USA) using Command Console Software 3.2
(Affymetrix, Santa Clara, CA, USA) with default settings.
Raw data was normalized by RMA and DABG algorithm,
Expression Console (Affymetrix, Santa Clara, CA, USA).

Rtranscription and quantitative real-time PCR

MiRNA and cDNA were synthesized from 500 ng total
RNA by RevetAid RT Reverse Transcription Kit (Thermo
Scientific, MA, USA) with specific miRNAs stem-loop
RT primers (Table 1) and oligo d(T),, using reverse tran-
scription and quantitative real-time polymerase chain
reaction (QRT-PCR). The miRNAs or mRNA expression
levels were detected using Bio-Rad CFX96 " real-time
PCR detection system (Bio-Rad, CA, USA) and each
sample was detected in duplicate. Each assay consisted of
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Table 1 The list of primer sequences
Primer name Forward primer (5/ — 3’) Reverse primer (5’ — 3') Amplicon Tm (°C)
length
(bp)
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT 94 60
U6-RT AACGCTTCACGAATTTGCGT
miR-30a-5p GCGCTGTAAACATCCTCGAC GTGCAGGGTCCGAGGTATTC 60 60
miR-30a-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTTCCAGT
miR-199-5p GCCCAGTGTTCAGACTACCTG GTGCAGGGTCCGAGGTATTC 58 60
miR-199-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAACAGGT
miR-143-5p GGTGCAGTGCTGCATCTCT GTGCAGGGTCCGAGGTATTC 56 60
miR-143-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCA GAGA
miR-486-3p CGGGGCAGCTCAGTACAG GTGCAGGGTCCGAGGTATTC 65 60
miR-486-3p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATCCTGTA
miR-199-3p GCACAGTAGTCTGCACATTGG GTGCAGGGTCCGAGGTATTC 68 60
miR-199-3p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAACCAAT
miR-675-5p TATATGGTGCGGAGAGGGC GTGCAGGGTCCGAGGTATTC 71 60
miR-675-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACTGTGG
DUSP5 mRNA CTACTCGCTTGCCTACCC ACATCCACGCAACACTCA 95 57
DUSP5 3'UTR ATACTCGAGAACTGGGATGGAGGAATC TGGGTCGACTGCTTTTCTCCTTTTACTATTTTTA 1118 53
MAP3K11 mRNA GTGCCATACCGTGGCATTGA CATTTCCCGTAGGACCTGTG 204 60
MAP3K11 3’UTR GCTCGCTAGCCTCGAGGTGGGCCAGGCCACTCCC ATGCCTGCAGGTCGACTGTGGGGAGACAGCTTTTGA 536 67
G
CDH1 (E-cadherin)  GGATTGTCGGATTGGGAGAA CATTCTGCTGCTTGAGGGTT 194 60
CDH2 (N-cadherin) GAGTCGAACAGCAGCTCTGA CTTGTCTGCTTCGGTTTGAC 199 60
VIM (Vimentin) GATGTTTCCAAGCCTGACCT CACTTCACAGGTGAGGGACT 216 60
COLTA1 GACTGGGAAACCAGATGCTG GAAGCCTCTCTCTCCTCTCT 224 60
COL3A1 GAAGGAGGATGTTCCCATCT GACCATTAGGAGGGCGAGTA 225 60
MMP1 GACTGGGAAACCAGATGCTG GGTGAATGTCAGAGGTGTGA 226 60

1 x SYBR Green quantitative real-time PCR master mix
(Bio-Rad, CA, USA), 0.5 uM of forward and reverse prim-
ers (Table 1), and 1 pl cDNA template in a total volume of
20 pl. Non-template control was used as negative control,
miRNAs reactions were normalized to UJ6, mRNA was
normalized to GAPDH and the relative expression levels
were calculated using the 2% method.

Cell culture

The human conjunctiva epithelial cell line (HConEpic,
HCE) was purchased from BeNa Culture Collection (Bei-
jing, China), which was primary culture cells (Additional
file 1). HCEs were supplemented with High glucose Dul-
becco’s modified Eagle’s medium (H-DMEM, HyClone)
containing 10% fetal bovine serum (Gibco) and 1uM
penicillin—streptomycin (Gibco). Cells were grown at a
humidified atmosphere of 5% CO, at 37 °C. After 24 h
incubation in growth medium, TGF-f and EGF were
added to obstain the optimal concentrations (10 nM
& 20 nM). The medium was changed every other day
and TGF-p and EGF were reintroduced to maintain the

concentrations, and the cells that harvested after 7 days
were used for subsequent experiments.

Immunofluorescence staining

For EMT markers detection, HCEs were fixed with
3.5% paraformaldehyde, permeabilized with 0.1% Triton
X-100, blocked with 2% bovine serum albumin (BSA,
sigma, USA), and incubated over night at 4 °C with pri-
mary antibodies as following: anti-N-cadherin (1:100,
Abclonal, China), anti-E-cadherin (1:100) and anti-
vimentin (1:100). After washing with phosphate buff-
ered saline (PBS, Gibco), the cells were incubated for
1 h with fluorescein isothiocyanate (FITC)-conjugated
mouse immunoglobulin G secondary antibody (1:200).
The stained cells were counterstained with 4/, 6-diamid-
ino-2-phenylindole (DAPI, Invitrogen, USA) and viewed
under a consistent fluorescence in situ hybridization
(FISH) imager (BX51, Olympus, Tokyo, Japan).

Plasmids construction and transient transfection
MiR-199a-3p and miR-199a-5p mimics and inhibitors
were purchased from RiboBio Co. Ltd (Ribo, China) and
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short hairpin RNAs (shRNAs) knocking down DUSP5
and MAP3K11 were purchased from Shanghai Gene-
chem Co. Ltd (Genechem, China) (Table 2). To over-
express DUSP5 and MAP3K11, a full-length coding
sequence (CDS) was amplified, and the EcoRI-HF and
Xhol sites (NEB, USA) were used to insert the CDS prod-
uct into pCMV-myc vector (Invitrogen, NY, USA). Before
transfection, 2*10° cells were seeded into each well of
6-well plates. After 24 h incubation in growth medium
without penicillin—streptomycin, the cells were tran-
siently transfected with miRNA mimics and inhibitors
using riboFECT" CP (Ribo, China), or with plasmids
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). The cells were incubated for an additional 24—-48 h
for the following experiments.

Wound healing and transwell assay

HCEs dealt with TGF-p and EGF for 7d, were seeded
equivalently into 6-well culture plates and then treated
with transient transfection for 24 h before scratching or
resuspending. A wound was scratched onto the mon-
olayer with a sterile 20ul tip (Axygen, Union City, CA,
USA). Images of HCEs migrating into the wound were
captured at time points of 0, 24 and 48 h by an inverted
microscope.

The migration assay was performed using upper cham-
bers of Transwell insert (0.8um pore size, Corning Incor-
porated, Costar, USA) with 4*10°cells in serum-free
medium for 48 h. After migration, cells passed through
the coated membrane to the lower surface, where cell
were fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet. The cell was counted under a
microscope.

Cell apoptosis determined by flow cytometry

The flow cytometry was performed to analyse the apop-
tosis of HCEs. Cells were re-suspended with Annexin
V-FITC and propidiumiodide (PI) successively accord-
ing to the manufacture’s protocol (BestBio, China) at the
concentration of 10° cells/ml. Cell apoptosis was analysed

Table2 The target
and MAP3K11-shRNAs

sequence of DUSP5-shRNAs

Name Target sequence Start site GC (%)
DUSP5-shRNAT# CtGAGTGTTGCGTGGATGTAA 620 4737
DUSP5-shRNA2# cCTGTCCTTCTGTGTGCTTAT 2213 42.11
DUSP5-shRNA3# gaTAGGCCATTTGCAGACACT 1224 4737
MAP3K11-shRNAT#  atTGAGAGTGACGACATGGAG 1250 5263
MAP3K11-shRNA2#  tcTTCCCGTCCAACTATGTGT 774 4737
MAP3K11-shRNA3# ctTAGGAGGAGTCACAGCATA 3071 4737
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by flow cytometry (FACSCanto II; BD Bioscience, Frank-
lin Lake, NJ).

Western blot analysis

After cells were seeded in 6-well plates for 48-72 h,
cells were washed with PBS and harvested in RIPA
with phosphorylase inhibitor and phenylmethanesulfo-
nyl fluoride (PMSF). Equal amounts of the supernatant
were loaded per lane and resolved by SDS—polyacryla-
mide electrophoresis. Then, proteins were transferred
onto polyvinylidene fluoride (PVDF) membrane (Milli-
pore, USA) and blocked by 5% BSA. Primary antibodies
should be probed overnight at 4 °C, including rabbit anti-
MAP3K11, anti-DUSP5, anti-Vimentin, anti-E-Cadherin,
anti-N-Cadherin antibodies and mouse anti-GAPDH
(abClone) antibody. Membranes were washed in Tris
buffered saline tween (TBS-T) and incubated with horse-
radish peroxidase-conjugated anti-rabbit or anti-mouse
secondary antibodies. Membranes were washed in
TBS-T and then exposed using the electrochemical lumi-
nescence (ECL) system. Protein loading was normalized
by GAPDH.

Dual-luciferase reporter assay

The DUSP5 or MAP3KI11 fragments of 3'UTR
whole region containing the wild-type binding sites
of miR-199a -3p or miR-199a-5p, were cloned into
pmirGLO vector (Promega, Madison, WI, USA) to gen-
erated DUSP5-WT and MAP3K11-WT vectors. Then the
DUSP5-MUT, MAP3K11-MUT1, MAP3K11-MUT?2 and
MAP3K11-MUT1+2 vectors containing mutant loci
were constructed, since there are 2 binding sites between
miR-199a-5p and MAP3K11. For luciferase reporter
assay, 293 T and HCE were plated in 12-well plates and
transfected with miR-199a-3p or miR-199a-5p mimics
and mimic-NC (50 nM) or miR-199a-3p or miR-199a-5p
inhibitor and inhibitor-NC (100 nM), and lug of blank
plasmids. After about 36 h of transfection, luciferase
activity was detected by the Dual Luciferase Reporter
Assay Kit (Promega, WI, USA) and the Promega GloMax
20/20 luminometer (Promega, WI, USA). All experi-
ments were performed in triplicates and the relative
luciferase activity ratios of firefly luciferase activity nor-
malized to Renilla luciferase were calculated.

MiRNAs target gene prediction and GO/pathway analysis

Differentially expressed miRNAs were subjected to
target gene prediction analysis using TargetScan,
miRDB, mirTarBase, miRanda, Targetminer and miR-
NAorg. The predicted results of target genes were
shown by Venn diagram. GO network maps and term
enrichment analysis were performed by using plug-
in of Cytoscape: ClueGO and CluePedia, with terms
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defined by GO_BiologicalProcess-GOA_07.12.2015
and KEGG pathway. Significance was defined by p
value < 0.05 and Kappa score threshold of 0.4 for path-
ways reporting.

Statistical analysis

All data were analysed by GraphPad-Prism8.0 (Graph
Pad, CA, USA) in independent t-test, Mann—Whitney
U test or Pearson Correlation. p <0.05 (two-tailed) was
considered statistically significant.
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Result

Expression profiling showed that miR-199a

was upregulated in pterygium

To obtain miRNAs expression profiling in pterygium,
miRNA microarray analysis was performed in 3 pairs
of pterygium and control conjunctiva tissues. In the
screened 2578 miRNAs, there were 1362 upregulated and
1216 downregulated miRNAs in pterygium, compared
with control conjunctiva (Fig. 1a). Using p <0.05 and |log-
,Fold Change (FC)|>1 as the filtering criteria, there were
40 differentially expressed miRNAs in pterygium tissues
were selected (Fig. 1b). These differentially expressed
miRNAs were listed (Table 3) and analysed with heat

Fig. 1 Differential expressed miRNAs in pterygium. a The log scales of most

positive scale indicates overexpression. b The volcano plot of the microarray
presented the downregulated miRNAs and the red nodes presented the upr:
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Table 3 The list of 41 differentially expressed miRNAs

Gene symbol* Fold change p-values Sequence
length
hsa-miR-30a-5p 2112 0.033 22
hsa-miR-30a-3p 4.872 0.047 22
hsa-miR-100-5p 4741 0.030 22
hsa-miR-29b-1-5p 3224 0.035 24
hsa-miR-199a-5p 3.910 0.046 23
hsa-miR-199a-3p 4.368 0.010 22
hsa-miR-10b-5p 3.733 0.007 23
hsa-miR-10b-3p 3444 0.044 22
hsa-miR-181c-5p 3.283 0.034 22
hsa-miR-199b-3p 4.368 0.010 22
hsa-miR-214-5p 4.160 0.029 22
hsa-miR-125b-5p 2.725 0.034 22
hsa-miR-125b-1-3p 5576 0.045 22
hsa-miR-143-5p 6493 0.003 22
hsa-miR-143-3p 6.958 0.012 21
hsa-miR-145-5p 5.561 0.048 23
hsa-miR-126-3p 3.288 0011 22
hsa-miR-150-5p 2.789 0.008 22
hsa-miR-185-5p 5271 0.036 22
hsa-miR-195-5p 3.714 0.003 21
hsa-miR-362-5p 5418 0.035 24
hsa-miR-370-3p 2406 0.029 22
hsa-miR-382-5p 6.757 0.041 22
hsa-miR-424-3p 3.182 0.037 21
hsa-miR-433-3p 2661 0.014 22
hsa-miR-486-3p 20.11 0.010 21
hsa-miR-503-5p 8.349 0.044 23
hsa-miR-1270 2247 0.036 23
hsa-miR-3175 5.079 0.020 22
hsa-miR-5010-5p 3225 0.045 22
hsa-miR-210-3p 0.247 0.035 22
hsa-miR-222-3p 0.391 0.045 21
hsa-miR-141-3p 0.071 0.042 22
hsa-miR-149-5p 0.223 0.023 23
hsa-miR-193b-5p 0.270 0.041 22
hsa-miR-193b-3p 0331 0.034 22
hsa-miR-675-5p 0.130 0.034 23
hsa-miR-744-5p 0.446 0.028 22
hsa-miR-514b-5p 0.187 0.034 22
hsa-miR-6081 0.486 0.020 24

" Using filtering criteria of p < 0.05 and two fold change, 40 miRNAs were
differentially expressed

map for visualization (Fig. 1c). Among them, 30 miRNAs
were upregulated, and 10 miRNAs were downregulated.
Furthermore, some of the differentially expressed
miRNAs were verified in a small group of samples as
the explorer category, including 55 pterygium samples
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and 12 control conjunctiva tissues. Coincident with the
results of miRNA microarray, the qRT-PCR verified the
differential expressed miRNAs except for miR-675-5p,
which presented no significant decrease in the 55 pteryg-
ium samples (p>0.05) (Fig. 1d). Based on the essential
role of miR-199 family in the EMT process, and the pri-
mary exploration results of microarray, miR-199a-3p and
miR-199a-5p were selected for further exploration.

The EMT cell model was established using HCEs induced

by TGF-f3 and EGF

We attempted to establish the pterygium EMT-cell model
in HCEs, by using TGF-B and EGF stimulation. After cul-
tured in the inducement of 10 nM TGF-f and 20 nM EGF
for 7 days, the HCEs grew in a long spindle shape, show-
ing a mesenchymal cell phenotype (Fig. 2a). The charac-
teristic of EMT-HCEs was identified by EMT markers
detected by qRT-PCR, western blot and immunofluores-
cence. Compared with control HCEs, the expression level
of N-cadherin and Vimentin increased significantly, while
E-cadherin decreased (Fig. 2b—d). Then, the wound heal-
ing and transwell assays were executed and found that
the migration ability of induced cells was also improved
after EMT activation (Fig. 2e, f). Furthermore, decreased
cell apoptosis was observed by flow cytometry with the
Annexin V-FITC/PI reagent (Fig. 2g).

To further investigate that whether the EMT-HCEs
model could represent the EMT process in pterygium,
we compared expressions of EMT markers between pri-
mary culture pterygium cells and HCEs and found the
EMT markers were significantly lower in the latter (Addi-
tional file 2).

Overexpression of miR-199a-3p/5p promoted EMT in HCEs
We used commercially obtained mimics for miR-199a-3p
and miR-199a-5p overexpression, and inhibitors for
knockdown (Fig. 3a and b). Transfected with miR-
199a-3p or miR-199a-5p mimics respectively, resulted
in a significant increase in cell migration ability (Fig. 3¢
and d) and promoted the occurrence of EMT (Fig. 3e—
h). Immunofluorescence was used to verify the result of
western blot (Fig. 3i). N-cadherin and Vimentin expres-
sions were increased, while E-cadherin was reduced,
when HCEs treated with miR-199a-3p/5p mimics. Then
we detected some matrix metalloproteinases and colla-
gens to explore the extracellular matrix environment. We
found both miR-199a-3p and miR-199a-5p upregulated
the expression of COL3A1 (Fig. 3j and k). Overall, the
results showed that both miR-199a-3p and miR-199a-5p
promoted the incidence of EMT in HCEs. Transfected
with miR-199a-3p/5p mimics resulted in a significant
suppression in cell apoptosis (Fig. 31).
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Knockdown miR-199a-3p/5p hindered EMT

TGEF-B & EGF and miR-199a-3p/5p both induced EMT
in HCEs. But after transfection with miR-199a-3p and
miR-199a-5p inhibitor, features of EMT in induced
HCEs were diminished (Fig. 4a), so did the migration
ability (Fig. 4b). Our result further suggested miR-
199a-3p or miR-199a-5p promoted the EMT process of
HCEs (Additional file 3).

DUSP5 and MAP3K11 were the targets of miR-199a-3p

and miR-199a-5p

The predicted target genes DUSP5 and MAP3K11 were
first selected from multiple miRNA related databases,
then filtrated with Venn diagram (Fig. 5a and b). The
predicted binding between the 3’-untranslated region
(3’-UTR) of DUSP5/MAP3K11 and miR-199a-3p/5p
were confirmed by dual-luciferase reporter gene assay
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Fig. 3 MiR-199a-3p and miR-199a-5p promotes migration of EMT in HCEs. a, b HCEs were transfected with miR-199a-3p/miR-199a-5p mimics/
mimics NC, inhibitors/inhibitor NC. The expression of miR-199a-3p and miR-199a-5p was detected by qRT-PCR (**p <0.01, ***p <0.001). HCEs were
transfected with miR-199a-3p mimic, miR-199a-5p mimic and mimic NC. ¢ Cell migration was determined by the wound healing assay (*p <0.05).
d Cell migration was determined by the transwell assay (**p <0.01). e-i HCEs were transfected with miR-199a-3p/miR-199a-5p mimic, mimic NC,
miR-199a-3p/miR-199a-5p inhibitor and inhibitor NC. The EMT markers (E-cadherin (CDH1), N-cadherin (CDH2) and Vimentin (VIM)) were detected
by gqRT-PCR, western blot and immunofluorescence (*p < 0.05, **p <0.01, ***p <0.001). j After HCEs were transfected with miR-199a-3p mimic,
mimic NC, miR-199a-3p inhibitor and inhibitor NC, COL1A1 and COL3A1 were upregulated only by miR-199a-3p, detected by gRT-PCR (*p <0.05,
***p<0.001). k After HCEs were transfected with miR-199a-5p mimic, mimic NC, miR-199a-5p inhibitor and inhibitor NC, MMP1 and COL3AT were
upregulated only by miR-199a-5p, detected by qRT-PCR (*p < 0.05, **p <0.01, ***p < 0.001). | HCEs were transfected with miR-199a-3p/miR-199a-5p
mimics/mimics NC, inhibitors/inhibitor NC. Transfection of the miR-199a-3p mimic and miR-199a-5p mimic decreased the apoptosis cells, while
miR-199a-3p inhibitor and miR-199a-5p inhibitor increased the apoptosis cells (*p < 0.05, **p <0.01)

(Fig. 5¢ and d). Luciferase activity of DUSP5-WT 3'UTR
could be inhibited by miR-199a-3p mimic, but DUSP5-
MUT 3'UTR could not (Fig. 5e). There were 2 predicted
binding sites between the 3'UTR of MAP3K11 and miR-
199a-5p, and luciferase activity of MAP3K11-WT (wild
type) 3’'UTR was inhibited by miR-199a-5p mimic. With
mutation at either of the two binding sites (MAP3K11-
MUT1 and MAP3K11-MUT2), luciferase activity could
still be inhibited by mimic, but the inhibition rate was
approximately 50% while with mutations at both binding
sites (MAP3K11-MUT1 +2) it was nearly 100% (Fig. 5f).
The negative correlation between miR-199a-3p/5p and
their target genes in both mRNA and protein levels were
observed in tissues and cell models to further verify that
miR-199a-3p/5p downregulated the expression of DUSP5
and MAP3K11 (Fig. 5g—j).

DUSP5/MAP3K11 inhibition could promote EMT in HCEs

It was shown that DUSP5-shRNA2# and MAP3K11-
shRNA1# had the best effects on DUSP5/MAP3K11
knockdown, and both of the overexpression vectors
demonstrate significantly upregulations of the two gene
(Fig. 6a—d). Some HCEs were treated with TGF-p and
EGF for 36 h to extract RNA, while the others were
treated for 48 h to extract protein or use for wound heal-
ing and transwell assay. (Fig. 6e and f). Knockdown of
either DUSP5 or MAP3K11 promoted the HCEs migra-
tion, and when either of the two genes was overexpressed
cell motility was inhibited (Fig. 6g and h).

Suppression on DUSP5/MAP3K11 induced by TGF-$

and EGF could be alleviated by decreased miR-199a-3p/5p
expression

Along with the prolongation of TGF-p and EGF induc-
tion, the expressions of miR-199a-3p and miR-199a-5p
were increased, while the expressions of DUSP5 and
MAP3K11 were decreased. Moreover, compared with
HCE, the expression levels of DUSP5 and MAP3K11 of
induced HCEs were significantly reduced (Fig. 7a-—e).
However, inhibiting the expression of miR-199a-3p/5p

in EMT-HCEs resulted in increased expression of corre-
sponding target genes (Fig. 7f-i). That is to say, the inhi-
bition on DUSP5 and MAP3K11 expressions induced by
TGE-p and EGF was weakened by decreasing the expres-
sion of miR-199a-3p or miR-199a-5p. So, we speculated
that miR-199a-3p and miR-199a-5p might target DUSP5
and MAP3K11 to function in EMT of pterygium.

MiR-199a-3p/5p potentiated migration in EMT of HCEs
induced by TGF-f3 and EGF by targeting DUSP5/MAP3K11
Transwell assays were then used to determine the effect
of miR-199a-3p/5p-DUSP5/MAP3K11 axes regulation
on TGF-B and EGF-induced migration of HCEs. Treated
with 10 nM TGF-f and 20 nM EGF for 7 days, the migra-
tion ability of HCEs was increased, while the effects were
inhibited when either of DUSP5 or MAP3K11 was over-
expressed. The migration ability of HCEs was enhanced
when miR-199a-3p or miR-199a-5p was overexpressed
by mimics but decreased when either of the two miR-
NAs was knockdown by inhibitors (Fig. 8a and b). The
inhibition of miR-199a-3p or miR-199a-5p resulted in
the enhancement of DUSP5 or MAP3KI11-mediated
inhibition on EMT-HCEs migration, while conversely
promoting miR-199a-3p or miR-199a-5p could fur-
ther induce migration of EMT-HCEs. The change trend
of EMT markers was consistent with that of migration
ability. Overexpression of DUSP5 or MAP3K11 res-
cued the effects of TGF-p and EGF-induced EMT, while
miR-199a-3p/5p could further promote the induction by
regulating the expression of DUSP5/MAP3K11 respec-
tively (Fig. 8c and d). In short, the promotion of EMT by
miR-199a-3p/5p was achieved by regulating target genes
DUSP5/MAP3K11.

MiR-199a-3p-DUSP5 and miR-199a-5p-MAP3K11 axes
regulated EMT in pterygium

In order to further confirm the function of miR-199a-3p
and miR-199a-5p in pterygium, qRT-PCR was performed
in a large number of pterygium samples (n=234) and
control conjunctiva tissues (n=29). Both expressions
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1 respectively. a, b Venn diagram of miR-199a-3p and miR-199a-5p target genes
prediction results from 4 databases. ¢, d Putative miR-199a-3p and miR-199a-5p binding sites in the 3’UTR of DUSP5 and MAP3K11, and the
designed mutation sites. e, f A luciferase reporter plasmid containing wild type or mutant type were co-transfected with relevant mimic, mimic
NC, inhibitor and inhibitor NC into HCEs. Luciferase activity was normalized to Renilla luciferase activity. Of note, MAP3K11 3’UTR had 2 binding
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sites (**p<0.01, ***p <0.001, ****p <0.0001). g—j After HCEs were transfected with miR-199a-3p/miR-199a-5p mimic, mimic NC, miR-199a-3p/
miR-199a-5p inhibitor and inhibitor NC, the variations of DUSP5 and MAP3K11 expression were analyzed with gRT-PCR and western blot (*p < 0.05,

of miR-199a-3p and miR-199a-5p were significantly
increased in pterygium (p<0.0001) (Fig. 9a and b),
while expressions of DUSP5 (p=0.0124) and MAP3K11
(p=0.0005) were significantly decreased in pterygium
(Fig. 9c and d). Downregulated protein expressions of
DUSP5 and MAP3K11 in pterygium tissues were verified
by western blot (Fig. 9¢). Moreover, expressions of miR-
199a-3p and miR-199a-5p tended to be negatively asso-
ciated with those of DUSP5 and MAP3K11 respectively

(Fig. 9f and 9g), which is coincident with the previous
experiments in HCEs.

Downstream pathway prediction by bioinformatics

In order to explore the possible downstream pathway of
miR-199a-3p and miR-199a-5p in greater depth in the
occurrence and development of EMT in pterygium, we
subjected the potential targets of the two miRNAs to
pathway enrichment analysis. The network showed that
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Fig. 6 Downregulating DUSP5 or MAP3K11could promote HCEs migration and EMT. a, b The shRNAs which had the best knockdown efficiency
were selected with gRT-PCR. ¢, d The effect of pCMV-myc-DUSP5, pCMV-myc-MAP3K11, DUSP5-shRNA2# and MAP3K11-shRNA#1. HCEs were
transfected with pCMV-myc and scr as control. e Cell migration was determined by the wound healing assay (**p <0.01). f Cell migration

was determined by the transwell assay (**p <0.01). g, h The changes in EMT markers, after HCEs were transfected with pCMV-myc-DUSP5,
pPCMV-myc-MAP3K1 1, pCMV-myc, DUSP5-shRNA2#, MAP3K11-shRNA#1 and shRNA control. (*p <0.05, **p <0.01, ***p <0.001)

miR-199a-3p and miR-199a-5p might participate in the
development of pterygium by affecting MAPK signal-
ling pathway, TGF-f signalling pathway, PI3K-Akt sig-
nalling pathway, focal adhesion and others (Fig. 10a).
From the pathway enrichment network, both of the
DUSP5 and MAP3K11 were related with MAPK signal-
ling pathway and we speculated that miR-199a might be
involved in the MAPK pathway by targeting DUSP5 and
MAP3K11, to promote EMT in HCE. Consistent with
other researches, both of miR-199a-3p and miR-199a-5p
had the positive effect on EMT processes and induced
cell migration through MAPK signalling pathway, such as
miR-199a-3p-DUSP5-ERK and miR-199a-5p-MAP3K11-
JNK-p53 pathway. The pathway network was established
based on our wet-lab experiments and dry-lab analysis
(Fig. 10b).

Discussion

MiR-199a-3p-DUSP5 and miR-199a-5p-MAP3K11 axes
regulated EMT in pterygium were characterized in our
study. In accordance with previous researches, both acti-
vated TGF-P and EGF stimulated the process of migra-
tion, proliferation and EMT in many different diseases
[36-38], our study proved the feasibility of building EMT
cell model using TGF- and EGF. Furthermore, it pre-
sented that miR-199a-3p and miR-199a-5p participated
in the process of EMT induced by TGF-p and EGF, by
targeting DUSP5 and MAP3K11 in pterygium.

First, we got the miRNA expression profile of pteryg-
ium using the Affymetrix’ miRNA 4.0 microarray
and validated it in pterygium samples, where we first
observed the significant increase of miR-199a in pteryg-
ium. Although there were several researches, using
microarray to screen the differentially expressed miR-
NAs in pterygium [2, 26-28], the Affymetrix’ miRNA
4.0 microarray provided more complete measurements
of miRNA, compared to GeneChip® miRNA 2.0 and 3.0,
based on reports in Sanger miRBase 20.0 database. For
instance, a larger number of miRNAs reads, reached to
6659, were discovered in our study compared to previous
pterygium microarray researches, such as Silin Chen’s
(GSE21346), only 1380 reads.

MiR-199 family, consisting of miR-199a/b-3p and
miR-199a/b-5p, is encoded within the Dynamin (DNM)
genes and exhibit high conservation across species [39].
MiR-199a-3p/5p are found to inhibit EMT in various

cancers, while they also can activate EMT in fibrosis
[15, 34, 35]. The reason that why miR-199a-3p/5p have
different expression level in EMT lies in the intrinsic
mechanism of different types of EMT [12].

Second, miR-199 family functioning in pterygium
is consist of miR-199a/b-3p and miR-199a/b-5p, and
encoded within the Dynamin (DNM) genes, which
exhibits high conservation across species [39]. MiR-
199a-3p/5p are found to inhibit EMT in various
cancers, while they also can activate EMT in fibro-
sis diseases [15, 34, 35]. The reason that why miR-
199a-3p/5p have contradiction functions in EMT of
pterygium compared with cancers, probably due to the
essential fibrosis characteristic of pterygium [12].

Third, there are mounting evidences suggesting that
miR-199 family acts as a fatal effector of TGF-p sig-
nalling in many diseases, regulating multiple disor-
dered processes, including cell proliferation, apoptosis,
migration, invasion and EMT [15, 34, 40]. The most
typical biomarker change in EMT was the conversa-
tion from E-cadherin to N-cadherin, accompanied by
the increase of cell migration ability and the decrease
of cell apoptosis [41]. We found that as increasing time
of TGF-B and EGF treatment, expressions of both miR-
199a-3p and miR-199a-5p were increased gradually.
The EMT characteristics including migration etc. of
induced HCEs could be suppressed by inhibiting the
expression of either miR-199a-3p or miR-199a-5p. It
disclosed that miR-199a-3p/5p possibly acted as TGF-f
effector in pterygium.

Forth, Antoon JW et al. recently found that inhibi-
tion of p38 mitogen-activated protein kinase (MAPK)
signalling pathway even could reverse EMT [42], which
is previously considered as a key process of inducting
and maintaining the inflammation in various disease
[43]. Accordingly, our study found that both DUSP5
and MAP3KI11 implicated in MAPK signalling path-
way, might be a potential therapeutic agent targeted
specifically to reverse EMT in pterygium. Consistently,
knockdown DUSP5 or MAP3K11 promoted EMT in the
present study. However, upregulated DUSP5 inhibited
the process of EMT in gastric cancer and hepatocellular
carcinoma through MAPK pathway, and the cells showed
a reduced migration ability and increased apoptosis [44,
45]. Furthermore, combining with existing literature,
our pathway bioinformatics analysis also speculated that



He etal.JTransIMed ~ (2020) 18:332 Page 13 of 19

e
13

e
=3

a g &
G5 Bl: 2.0
g %15
b C pCMV-myc DUSP5- 5
%‘-0 NC pCMV-myc -DUSP5 scr  shRNA2# T

e
£os - e G — . DUSPS ¢
A 3
S
= k|
) g

- —

g -

2 M

%1' gz.o

Z pCMV-myc MAP3K11- = =

E ’ NC pCMV-myc -MAP3K11 scr shRNAl# g ok

Z 5 1.0 _ =

Zo. —— R — MAP3K1] §

s . — — £os

£ g

-
Na $
Q NS

& &
&
e ~ DUSPS-shRNA2#  MAP3K11-shRNA1# Q

»
n

relative cell number per field

DUSP5- PCMV-myc N
g NC sor  shRNA2# pCMV-myc -DUSPS 201 — * - e
- - *
‘ _— ‘tz N-cadherin g5 * - - ser
g = = . W DUSPS-shRNA2#
. & T x —_ pCMV-mye
SR e e e s E-cadherin 510 1T @8 pCMV-myc-DUSPS
B
Vimentin =05
2
GAPDH 0 . - -
N-cadherin E-cadherin ~ Vimentin
MAP3K11- pCMV-myc 2.0n ok
h NC ser shRNAI# pCMV-myc -MAP3K11 . . Lo} i’: - NC
g = 2
—_— “ N-cadherin Sisd 3 e
g * N wrs M8 MAP3K11-shRNA1#
) oy i~ PCMV-mye
— — v — w——T_cadherin o Lojm® g U @8 pCMV-myc-MAP3K11
B
=

0.0
m” GAPDH N-cadherin E-cadherin ~ Vimentin




He et al. J Transl Med (2020) 18:332

Page 14 of 19

a C
& . z TGF-B
g 6] —  E15 NC  +EGF
— v ¥
cld ek % r—
g ) — 4 s e MAP3KI1
o 47 T A 1.01 %
=} G
= =} (— ®
=] =
2] — 2 0.5
£ £ os - VIR e DUSPS
5] —— »®
A Tl
= 0- T T = 0.0- T T
E NC 1d 3d sd 74 3 NC 1d  3d 54 7d & "W GAPDH
bs w4
& 5q — né
5 =19 1.57
o 44 Y, o : = \C
= ok N *
& g £ —_— __** W TGF-B+EGF
E 34 - <Et 1.0 T % 1.01
7 2] & — 5 T
£ £ 0s — . Zo0s =
5 1 7" s g0
2 & )
$%°Nc 14 34 s 7 2 0.0/ - - 00 ; :
= '§ NC 1d 3d 5d 7d DUSP5 MAP3KI11
e
f ; sk - *k
4 Faa & Kk
£ 2.0 s % —— ok
§ — h Q: 1.5 —
215 £ o
= - — 210 T
g 10 T a
'z S
205 fos T
2 o
g 00 " " £ 00
TGF ﬁTEGF + + TGF-B+EGE - " ) - ®
3p-inhibitor - - + + 3p-inhibitor B + ';'g:;g;ﬁglf - J_r -+ +
g <
é sokok 5 *
£20 % 20 — o
— * < < ok
M - —_— 1 = -
g 15 . R S1s =
= —_— - & _—
é 1.0 ug 1.0 -
$0.5 - %
£ 00 ' " 200 . .
2 TGF-B+EGF - + - + 2
TGF-p+EGF - + - + i TGF-B+EGF - + - +
Sp-inhibitor - - + + Sp-inhibitor _ + + Sp-inhibitor _ _ + +
Fig. 7 The effects of TGF-3 and EGF on expressions of DUSP5 and MAP3K11 could be regulated by miR-199a-3p and miR-199a-5p. a-d HCEs were
induced with TGF-f3 (10 nM) and EGF (20 nM) for 7 days. The expressions of miR-199a-3p, miR-199a-5p, DUSP5 and MAP3K11 were detected by
gRT-PCR analysis (*p < 0.05, **p < 0.01). e The protein expression of DUSP5 and MAP3K11 were analyzed with western blot (*p <0.05, **p <0.01). f, g.
The mRNA changes of DUSP5 and MAP3K11 before and after induction and transfection (*p <0.05, **p <0.01, ***p < 0.001). h, i The protein changes
of DUSP5 and MAP3K11 before and after induction and transfection (*p <0.05, **p <0.01)

(See figure on next page.)

Fig. 8 Inhibition on miR-199a-3p and miR-199a-5p alleviates the EMT promoted by DUSP5 and MAP3K11 in induced HCEs. HCEs were induced
with TGF-B (10 nM) and EGF (20 nM) for 7 days, and subsequently transfected with pCMV-myc-DUSP5 (or pCMV-myc-MAP3K11) and pCMV-myc,
miR-199a-3p (MiR-199a-5p) inhibitor/inhibitor NC and miR-199a-3p (miR-199a-5p) mimic/mimic NC. Un-transfected HCEs with or without
inducement were also included. a, b The migration ability of HCE was measured by transwell assay (**p <0.01, ***p <0.001). ¢, d The EMT
progression of HCE was measured as 3 EMT markers by western blot (*p <0.05, **p <0.01, ***p <0.001)
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Fig. 9 MiR-199a-3p, miR-199a-5p, DUSP5 and MAP3K11 expressions in pterygium. a, b Both miR-199a-3p (****p <0.0001) and miR-199a-5p
(***p <0.0001) were upregulated in pterygium samples (n=234) compared with control conjunctiva tissues (n=29). ¢, d The relative expression
of DUSP5 mRNA was downregulated in pterygium samples (n=196) compared with control conjunctiva tissues (n=15) (***p <0.001). The relative
expression of MAP3K11 mRNA was downregulated in pterygium samples (n=79) compared with control conjunctiva tissues (n=11) (***p <0.001).
e DUSP5 and MAP3K11 expressions were analyzed by western blot in pterygium samples and control conjunctiva tissues. f, g The relationship
between DUSP5 mRNA and miR-199a-3p expressions, MAP3K11 mRNA and miR-199a-5p expressions were detected by Spearman'’s correlation
analysis, and both of them significantly showed a negative correlation (R=-0.1586, P=0.0249; R=-0.3237, p=0.0024)

DUSP5 and MAP3K11 function as a suppressor in cell
EMT by downregulating ERK and JNK [32, 46, 47].

Fifth, with increasing induction time of TGEF-f
and EGEF, expressions of DUSP5 and MAP3K11 were
decreased in accordance with the increase of miR-199a.
The results of compensation showed that, the promo-
tion of miR-199a on EMT was possibly executed through

targeting DUSP5 and MAP3K11. Regardless effects of
miR-199a-3p and miR-199a-5p, high expressions of
DUSP5 or MAP3K11 could inhibit the EMT. That is to
say, TGF-p and EGF affected the expression of DUSP5
and MAP3K11 through regulations on expressions of
miR-199a-3p and miR-199a-5p, so as to take part in the
MAPK signalling pathway, further to promote the EMT
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Fig. 10 MiR-199a-3p and miR-199a-5p might affect MAPK signaling
pathway by regulating DUSP5 and MAP3K11. a KEGG pathway
network for miR-199a-3p and miR-199a-5p. Genes that enrich for
selected terms are displayed as small nodes connecting to the larger
pathway nodes. Both of DUSP5 and MAP3K11 were related to MAPK
signaling pathway. b Based on KEGG pathway analysis, miR-199a-3p
and miR-199a-5p had an effect on EMT process through MAPK by

targeting DUSP5 or MAP3K11

of HCEs, and participate in the initiation and develop-
ment of pterygium.

However, there were still some limitations in the pre-
sent study. Firstly, the number of control conjunctiva
tissues was limited. Secondly, the investigation on large
population in different stages of pterygium might be
helpful for understanding miRNA’s function in different
stages of pterygium [6, 25]. Finally, the in vivo animal
experiment was lack.

Conclusions

Our present research presented that TGF-f and EGF
activated  the = miR-199a-3p/5p-DUSP5/MAP3K11-
MAPK axes in the EMT process of pterygium. Our
research results supplemented basic understanding of the
pathophysiological mechanisms of pterygium, hoping to
help develop new targets for pterygium treatment.
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