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Epithelial mesenchymal transition (EMT) of lens epithelial cells (LECs) may contribute to the development of
posterior capsular opacification (PCO), which leads to visual impairment. Andrographolide has been shown to have
therapeutic potential against various cancers. However, its effect on human LECs is still unknown. The purpose of this
study is to evaluate the effect of andrographolide on EMT induced by growth factors in the fetal human lens epithelial
cell line (FHL 124). Initially the LECs were treated with growth factors (TGF-B2 and bFGF) to induce EMT.
Subsequently these EMT-induced cells were treated with andrographolide at 100 and 500 nM concentrations for 24
h. Our results showed that FHL 124 cells treated with growth factors had a significant decrease in protein and m-RNA
levels of epithelial markers pax6 and E-Cadherin. After administering andrographolide, these levels significantly
increased. It was noticed that EMT markers a-SMA, fibronectin and collagen IV significantly decreased after
treatment with andrographolide when compared to the other group. Treatment with andrographolide significantly
inhibited phosphorylation of ERK and JNK. Cell cycle analysis showed that andrographolide did not arrest cells at
GO0/G1 or G2/M at tested concentrations. Our findings suggest that andrographolide helps sustain epithelial charac-
teristics by modulating EMT markers and inhibiting the mitogen-activated protein kinase (MAPK) signalling pathway
in LECs. Hence it can prove to be useful in curbing EMT-mediated PCO.
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1. Introduction

Cataract is clouding or opacification of the lens. It is respon-
sible for 51% of blindness in the world (WHO 2010). Pos-
terior capsular opacification (PCO), also referred to as
secondary cataract, is the most common postoperative com-
plication of cataract surgery. PCO develops due to the pres-
ence of residual lens epithelial cells (LECs) after cataract
surgery. A majority of these LECs undergo a process called
epithelial mesenchymal transition (EMT) (Nathu et al.
2009). EMT is an orchestrated series of events in which
interactions between cells as well as interactions between
cells and the extracellular matrix (ECM) are altered to re-
lease epithelial cells from the surrounding tissue. The
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cytoskeleton is reorganized to confer the ability to move
through a three-dimensional ECM, and a new transcriptional
program is induced to maintain the mesenchymal phenotype
(Radisky and LaBarge 2008). EMT of LECs results in the
formation of fibroblasts and spindle-like myofibroblasts,
which migrate to the posterior capsule resulting in vision
impairment (Awasthi and Wagner 2006).

The transforming growth factor, beta 2 (TGF-B2), is
known to induce EMT and inhibit proliferation of LECs
(Hales et al. 1995). It has been shown that the basic fibro-
blast growth factor (bFGF) is involved in the development of
PCO through aberrant LEC proliferation and differentiation
(Cerra et al. 2003). PCO-like changes have been shown in
rat explants by addition of a combination of TGF-f2 and
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bFGF (Symonds et al. 2006). Growth factors such as TGF-
B2 and bFGF mediate cellular signalling through high-
affinity cell surface receptors. The binding of these growth
factors leads to activation of tyrosine kinase receptors and
further downstream activation of distinct pathways such as
the mitogen-activated protein kinase (MAPK) pathway (Lin
et al. 1998). The MAPK pathway has been implicated in the
development of PCO (Dawes et al. 2009). EMT can be
induced in LECs under the influence of TGF-f2 and bFGF
(Symonds et al. 2006). Hence LECs provide a model to
evaluate the effect of various drugs in preventing EMT.

Andrographolide is a labdane diterpenoid, the main bioactive
component of the medicinal plant Andrographis paniculata.
Andrographolide is known to have pharmacological effects such
as anti-fibrotic, anti-inflammatory, and anti-cancerous effects
(Rana and Avadhoot 1991, Akbarsha and Murugaian 2000,
Shen et al. 2000, Li et al. 2007, Shen et al. 2009, Lee et al.
2010a). Andrographolide is known to interfere, either directly or
indirectly, with several major signalling pathways (Tsai et al.
2004, Ji et al. 2007, Lee et al. 2010b, Cheung et al. 2012).

Postsurgical prevention of LEC proliferation, migration,
and EMT would be a possible option to prevent PCO. Several
drugs (Biswas et al. 1999, Rabsilber and Auffarth 2006,
Chandler ef al. 2007) have been tried to prevent PCO but none
of them have shown promising results. Further, a majority of
the drugs cause damage to the surrounding tissues. Therefore,
it is necessary to find a drug or compound, which has a low
level of toxicity and is effective in controlling growth factor-
induced EMT for the prevention of PCO.

From the current information, it is evident that there is a need
to explore the potential andrographolide has in preventing EMT
in LECs. In this study, we speculated the anti-fibrotic property
of andrographolide on the human lens epithelial cell line (FHL
124) treated with growth factors (TGF-beta and bFGF). In this
growth factor-induced EMT model, we analysed the expression
of epithelial and EMT markers. Further, we also analysed the
role played by andrographolide in the MAPK signalling path-
way and cell cycle events.

2. Materials and methods

The reagents TGF-B2 and bFGF were purchased from
Invitrogen, Carlsbad, CA, USA. The MAPK inhibitor
(PD98059) was purchased from Cell Signaling Technology,
MA, USA. Antibodies such as pERK, total ERK, pJNK, and
total JNK were purchased from BD Biosciences, Franklin
Lakes, NJ, USA. Andrographolide was purchased from Sigma
Aldrich, St. Louis, MO. Stock solutions of andrographolide
were prepared in dimethyl sulfoxide (DMSO). These stock
solutions were diluted in cell culture media to obtain a final
concentration of 100nM and 500nM. A stock solution of
PD98059 was prepared in DMSO and diluted in the media to
obtain a final concentration of 20 uM. TGF-B2 was suspended
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in phosphate-buffered saline (PBS) containing 0.1% bovine
serum albumin (BSA) to obtain a concentration of 10 pug/mL,
which was further diluted in cell culture media to a final con-
centration of 10 ng/mL. The growth factor bFGF was suspended
in PBS containing 0.1% BSA to obtain a concentration of 10
png/mL which was diluted in cell culture media to 40 ng/mL.

2.1 Cell culture and viability

The fetal human lens epithelial cell line (FHL 124) (a kind gift
from Dr John R Reddan, Oakland University, Michigan, USA)
was grown in Eagle’s Minimum Essential Media (Sigma, St.
Louis, MO), containing 10% fetal bovine serum (Sigma, St.
Louis, MO) and 50 pg/mL gentamycin at 35°C in a humidified
5% CO, atmosphere. For the viability assay, cells were seeded
in 96-well plates (8% 10 cells per well). Cells were treated with
different concentrations of andrographolide, 0.1% DMSO
(negative control) or staurosporin (positive control) for 24 h.
Thereafter 20 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide(MTT) solution (5 mg/mL in PBS)
was added and the cells were incubated for 4 h at 35°C. The
purple formazan crystals were dissolved in 150 L of DMSO.
The plates were read at 570 nm. The absorbance values were
expressed as a percentage over the control group in which no
treatment was administered.

2.2 Cell culture and treatments

For treatments 70% confluent cells were made serum-free. The
cells were divided into six treatment groups. The cells were
treated with growth factors [TGF-B2 (10 ng/mL), bFGF (40
ng/mL)] abbreviated as GFs and andrographolide (100 or
500nM), either alone or in a combination for 24 h. The fol-
lowing abbreviations were used for the various treatments
groups: Normal (no treatment), Control [TGF- (10 ng/mL)
+ bFGF (40 ng/mL)], GFs + A100 [GFs + Andro (100 nM)],
GFs + A500 [GFs + Andro (500 nM)], A100 [Andro (100
nM)], and A500 [Andro (500 nM)]. In order to evaluate the
effect of MAPK signalling, some cultures were also exposed to
the MAPK Inhibitor (PD 98059) (20 uM), 1 h prior to addition
of growth factors as per the manufacturer’s protocol. The final
concentration of DMSO in the medium was not more than
0.1% (v/v). At this concentration, DMSO had no effect on cell
growth. After treatment, cells were harvested for immunoflu-
orescence, protein, and m-RNA analysis. All experiments
were performed in triplicates or otherwise mentioned.

2.3 Immunofluorescence

FHL 124 cells were grown on a gelatin coated cover-slip in a
12-well culture plate. Cells were fixed in 2% paraformalde-
hyde for 15 min and permeabilized with 0.25% Triton-X in
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PBS for 10 minutes. Subsequently cells were incubated with
primary antibodies (1:100), pax6 (Abcam, Cambridge, UK),
a-SMA (Sigma, St. Louis, MO, USA), collagen IV (Sigma),
vimentin (Sigma) for 1 h. After 3 rinses of PBS containing
0.05% Tween-20 (PBST) for 3 minutes each, the cells were
incubated with fluorescent-tagged secondary antibodies
(Alexa fluor 546 Goat Anti-Rabbit and Alexa fluor 488 Goat
Anti-Mouse obtained from Invitrogen). An epifluorescence
microscope (Axioskope II; Carl Zeiss, Oberkochen, Germa-
ny) was used to observe the cells and images were docu-
mented with a CCD camera (Cohu, San Diego, CA, USA).
Corrected total cell fluorescence (CTCF) for pax6 was cal-
culated by formula, CTCF = Integrated Density — (Area of
selected cell x Mean fluorescence of background readings)
by using Image J software.

2.4 Western blotting

FHL 124 cells were grown in 25 cm® flasks and treated at
approximately 70% confluence as mentioned earlier. Cells
were washed in PBS and lysed in buffer (50 mM Tris pH
7.4, 150 mM NaCl, 1% Triton-X 100, 0.1% SDS, 0.5%
sodium deoxycholate) supplemented with protease inhibitor
cocktail and phosphatase inhibitor cocktail tablets (Roche
Diagnostics, Grenzacherstrasse 124, Basel, Switzerland). The
protein concentrations were quantified using a bicinchoninic
acid assay. The samples containing 20 pg protein were sepa-
rated on 8% or 10% SDS-PAGE and then electrophoretically
transferred to nitrocellulose membranes (Pall Corporation,
Port Washington, NY, USA). The membranes were blocked
at room temperature for 1 h in tris-buffered saline with
Tween®20 (TBST) (10 mM Tris-HCI [pH 7.6], 150 mM
NaCl, 0.05% Tween-20) containing 5% non-fat dry milk and
incubated overnight with anti-pax6, fibronectin, a-SMA, E-
Cadherin, collagen IV, vimentin, b-actin, ERK, pERK (pT202/
pY204), INK and pJNK (pT183/pY 185) antibodies at 1: 1000
dilution at 4°C. The membranes were washed with TBST and
incubated with horseradish peroxidase (HRP) conjugated sec-
ondary antibodies (CST) at 1:2000 dilution. After washing
with TBST, the bands were developed by the chemilumines-
cence technique using Luminata Forte (Millipore). Blots were
stripped using a mild buffer (0.2 M glycine, 0.1% SDS, 1%
Tween 20, pH 2.2), washed with PBS and TBST, and blocked
with 5% non-fat dry milk in TBST. The blots were then re-
probed with different antibodies and developed again using the
same method. The densitometry analysis for relative band
intensity was done using Image J software (NIH Image).

2.5 Quantitative PCR

Cells were washed with PBS and collected in a TRIZOL
reagent (Invitrogen, Carlsbad, CA, USA). RNA was
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extracted according to the manufacturer’s instructions. Four
ug of total RNA was reverse transcribed at 25°C for 5 min,
at 42°C for 60 min, and at 70°C for 5 min in 20 uL of 1 pg of
oligo (dT), 1 pg of random hexamer, 20 pmol primer, 3 mM
MgCI2, 0.05 mM of dNTPs, 4 pL of Genei™ S5xreaction
buffer, 1 unit of Recombinant RNasin® Ribonuclease Inhib-
itor, and 1 pL of Genei™ Reverse Transcriptase (All
chemicals from Genel Bangalore, Karnataka, India). For
quantitative PCR, amplifications were performed on the
LightCycler®480 (Roche) in 20 pL of reaction using 2 puL
of cDNA, 10 pL of SYBR Green I Master (Roche), and
gene-specific primers of 2.5 uM concentration. The amplifi-
cation was carried out at 95°C for 10 min before the first
cycle, 95°C for 15 seconds, and 60°C for 60 s repeated 40
times. Quantitative PCR was performed for PAX6, ACTA2,
CDHI, COL4A1, FNI, and VIM and ACTB was used as
housekeeping gene. The sequence of primers was obtained
from gPrimerDepot online software (Table 1). Relative ex-
pression, normalized to the housekeeping gene, was calcu-
lated using LightCycler®480 Software (Roche).

2.6 Cell cycle analysis

After treatment, cells were trypsinized, centrifuged, and
fixed in 70% ethanol for 1 h at 4 °C. After washing with
PBS, cells were stained overnight with 25 pg/mL of
propidium iodide. 10 pg/mL of RNase A, 0.2% of Saponin,
and 0.1mM of EDTA at 4°C. The stained cells were then
filtered through a 40 pm pore-sized nylon mesh to ensure
single cell suspension. The cells were subsequently subject-
ed to analysis using the flow cytometer (FACS ARIA Becton
Dickinson, Franklin Lakes, NJ, USA). In each sample, ten
thousand cells were analysed and the cell cycle distribution
was calculated using FACSDiva software (version 6.1.3)
(Becton Dickinson).

Statistical Analysis: Statistical significance was deter-
mined by a two-tailed student’s t-test and a difference of
p<0.05 was considered statistically significant.

3. Results
3.1 IC 50 value of andrographolide

To determine the IC 50 value of andrographolide on cell
viability, FHL 124 cells were treated with 0.1 -1000 uM of
andrographolide for 24 h. Cell viability was assessed using
the MTT assay. The percentage of cell viability was calcu-
lated by considering the controls as 100%. Andrographolide
treatment resulted in loss of cell viability in a dose-
dependent manner. The dose-response curve (figure 1)
shows that IC 50 was 1uM.
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Table 1. List of primers used in the study

No. Gene name Forward primer Reverse Primer Tm
1. ACTB GTTGTCGACGACGAGCG GCACAGAGCCTCGCCTT 56.4/58.3
2. PAX6 TCCGTTGGAACTGATGGAGT GTTGGTATCCGGGGACTTC 56.0/55.1
3. ACTA2 CCAGAGCCATTGTCACACAC CAGCCAAGCACTGTCAGG 56.3/56.4
4, CDHI1 CTTGCGGAAGTCAGTTCAGA CAGAGCCAAGAGGAGACCTG 54.8/57.1
5. COL4A1 CCTTTTGTCCCTTCACTCCA CTCCACGAGGAGCACAGC 60.4/64.5
6. FN1 GGTGGAATAGAGCTCCCAGG GCAGCCTGCATCTGAGTACA 64.5/62.4
7. VIM ATTCCACTTTGCGTTCAAGG CTTCAGAGAGAGGAAGCCGA 53.7/55.9

3.2 Cell morphology

Morphological changes were noticed in FHL 124 cells after
subjecting them to 24 h of growth factor treatment. The cells
were elongated and attained a spindle-shaped morphology
similar to EMT changes. The morphological changes were
suppressed by co-treatment of andrographolide at 500 nM
concentration (figure 2A).

3.3 Effect of andrographolide on expression of pax6
and E-Cadherin

Treatment of FHL 124 cells with growth factors for 24 h
resulted in a significant down-regulation of m-RNA by 8.15
(p<0.05) fold and protein level of Pax6 by 1.50 (p<0.05) fold.
There was down-regulation of E-Cadherin in m-RNA level by
10.13 fold (»p<0.05) and protein level by 10.28-fold (»<0.02) in
the control group when compared to the normal group
(figure 3A, B, D and E). In concurrence with this, immuno-
fluorescence staining of pax6 was also weakened (figure 3F).
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Figure 1. To evaluate the effect of andrographolide on cell via-

bility. FHL 124 cells were treated with 0.1-1000 uM of
andrographolide for 24 h. Andrographolide treatment resulted in
loss of cell viability in a dose-dependent manner. The dose response
curve shows IC 50 was 1uM.
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On the contrary, treatment with andrographolide resulted in
significant up-regulation of m-RNA and protein levels of pax6
and E-Cadherin (figure 3A, B, D and E) as well as a retrieval of
the staining of pax6 in FHL 124 cells (figure 3F). CTCF of pax
6 corroborates with staining pattern (figure 3G). Expression of
pax6 and E-Cadherin does not change significantly in A100
and A500 groups when compared to the normal groups.

3.4 Effect of andrographolide on expression of a-SMA
and fibronectin

We wanted to explore whether andrographolide could prevent
TGF-B2 and bFGF-induced EMT expression of a-SMA and
fibronectin. As shown in figure 4, GFs increased the expression
at m-RNA and protein levels of a-SMA by 6.05 (p<0.05) and
1.79 (p<0.05) folds and fibronectin by 1.76 (p<0.05) and 3.02
(p<0.05) folds when compared to the normal group. In agreement
with these findings, immuno-fluorescent staining of a-SMA
and fibronectin was enhanced. o-SMA was expressed in the
form of elongated stress fibres in the cytoplasm and fibronectin
was localized as a dense network of fibres in ECM. Treatment
with andrographolide completely abrogated up-regulation of a-
SMA and fibronectin (figure 4 A, B, D and E) as well as
weakened their staining in FHL 124 cells (figure 4F). Expres-
sion of 0-SMA was down-regulated by 7.89 (**p<0.02) fold
in the A500 group when compared to the normal.

3.5 Effect of andrographolide on the expression
of vimentin and collagen IV

Expression of vimentin and collagen IV also increases during
EMT. Treatment with TGF-2 and bFGF resulted in 1.88
(»<0.05) fold up-regulation of m-RNA and 2.08 (p<0.02) fold
up-regulation of protein expression of vimentin while collagen-
IV increased by 6.11 (»p<0.05) and 3.28 (p<0.05) folds in the
control group as compared to the normal group. Immuno-
fluorescent staining showed that collagen IV was localized as
a dense network of fibres around the cells and its intensity
increased in control group. Andrographolide treatment resulted
in down-regulation of collagen IV at m-RNA and protein levels
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Figure 2. (a) Inhibitory effect of andrographolide on TFG-B2 and bFGF-induced fibroblastic phenotype in FHL 124 cells. There was no

change in morphology in FHL 124 cells after 24 h of treatment with 500nM andrographolide compared with the normal cells. Treatment
with TFG-B2 and bFGF resulted in elongation and spindle-like morphology in FHL 124 cells, which was suppressed by co-treatment of
andrographolide. (b) Cell count in different phases of the cell cycle; P1 — total number of cells, cells in P2 — GO-G1, P3 — S, P4 — G2-M and
P5 —late G2 in groups. Cell cycle analysis showed percent population (¢) of cells in phases of the cell cycle in different experimental groups

(NS, non-significant).

(figure SA, D). Immuno-fluorescent staining suggested that the
intensity of collagen IV decreases and was almost absent in the
GFs+AS500 group. Andrographolide treatment does not bring
about a significant change in expression of vimentin at protein
and m-RNA levels. Vimentin was localized in the form of
elongated fibres in the cytoplasm and their expression increased
in the control group (figure 5F).

3.6  Effect of andrographolide on the MAPK signalling
pathway

Our results show that treatment of growth factors in FHL
124 cells induced the MAPK signalling pathway. Growth
factors significantly induced phosphorylation of ERK
(pT202/pY204) by 1.48 (p<0.05) fold and JNK (pT183/
pY185) by 1.68 (p<0.02) fold respectively. The results show

that treatment of PD 98059 and andrographolide results in
significant inhibition of phosphorylation of ERK by 1.60
(p<0.05) fold in the GFs+PD group, 2.06 (p<0.02) fold in
the GFs+A100 group and 8.24 (p<0.01) fold in the
GFs+AS500 group (figure 6B). Further pJNK down-
regulated by 1.92 (p<0.01) fold in GFs+PD group, by 5.74
(»<0.01) fold in the GFs+A100 group and 11.03 (p<0.01)
fold in the GFs+A500 group (figure 6C). pERK expression
was down-regulated by 5.60 (»p<0.01) and 5.74 (»p<0.01)
folds and pJNK by 3.25 (»<0.05) and 3.29 (p<0.01) folds
in A100 and A500 groups when compared to the normal.

3.7 Effect of andrographolide on the cell cycle

Andrographolide has been shown to induce cell cycle arrest
at the G1 or G2/M phase in different cell types (Cheung et al.
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Figure 3. Exposure of TGF-f and bFGF results in loss of pax6 and E-Cadherin. Co-treatment of andrographolide regains levels of pax6
and E-Cadherin in FHL 124 cells. Andrographolide co-treatment with growth factors at concentrations of 100 and 500 nM results in up-
regulation of (a) PAX6 by 4.27 (NS) and 7.42 (**p<0.01) (n=5) and (b) CDHI by 2.57 (¥*p<0.05) and 5.97 (*p<0.05) (n=5), (c)
Immunoblots of Pax6, E-Cadherin and b-actin, (d) Protein levels of pax6 by 1.00 (NS) and 1.37 (*p<0.05) and (e) E-Cadherin by 5.97
(*p<0.05) and 7.99 (***p<0.01) fold when compared to the control group. (f) Pax6 was localized in the nucleus (red). Nucleus was

counterstained by DAPI (blue). (g) CTCF of pax 6 (***p<0.01).
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Figure 4. Exposure of TGF-f and bFGF increases expression of EMT markers, a-SMA and fibronectin. Co-treatment of andrographolide
abrogates the expression of a-SMA and fibronectin in FHL 124 cells. Andrographolide co-treatment with growth factors at concentrations
of 100 and 500nM results in down-regulation of (a) ACTA2 by 6.01 (*p<0.05) and 5.72 (*p<0.05) (n=5) and (b) FNI by 1.55 (***p<0.01)
and 1.70 (**p<0.02) folds (n=5), (¢) Immunoblots of a-SMA, Fibronectin and b-actin, (d) a-SMA was down-regulated by 1.36 (NS) and
1.77 (*p<0.05) and (e) fibronectin by 1.30 (*p<0.05) and 2.77 (***p<0.01) folds when compared to the control group. (f) Immunofluo-
rescent staining showed a-SMA in cytoplasm. Fibronectin was located outside the cell margin. The nucleus was counterstained with DAPI.
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Figure 5. Exposure to TGF-f and bFGF increases expression of collagen IV and vimentin. Co-treatment with andrographolide decreases
the expression of collagen IV and vimentin in FHL 124 cells. Andrographolide co-treatment with growth factors at concentrations of 100
and 500 nM results in (a) down-regulation of COL4A1 by 7.68 (*p<0.05) and 10.02 (*p<0.05) (n=5), (¢) Immunoblots of Vimentin,
Collagen IV and b-actin, (d) collagen IV by 1.61 (NS) and 3.81 (*p<0.05) when compared to the control group. (b, €) However, expression
of vimentin does not change significantly after andrographolide treatment when compared to the control group. (f) Vimentin was localized
in the form of elongated stress fibres. Collagen IV was located outside the cell margin. The nucleus was counterstained with DAPIL.
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Figure 6. Exposure to TGF- and bFGF increases expression of pERK and pJNK in FHL 124 cells. (a) Co-treatment with
andrographolide decreases the expression of pERK and pJNK in FHL 124 cells. Relative protein expression of pERK and pJNK was
given with reference to total ERK and JNK respectively (b and ¢) (*p<0.05, **p<0.02 and ***p<0.01).

2012). Cell cycle analysis showed the percent population of
cells in different phases of the cell cycle in experimental
groups (figure 2B). The percentage difference between the
normal and treated groups for each phase were calculated
and results showed that there was a mild increase in percent-
age of cells in the S phase. However, the changes were not
significant in control, GFs+A100, and GFs+A500 when
compared to the normal (figure 2C). Andrographolide does
not arrest FHL 124 cells at 100 and 500 nM concentrations
when treated for 24 h.

4. Discussion

To our knowledge, this is the first study to show the
ameliorative effect of andrographolide on TGF-B2 and
bFGF-induced EMT of LECs (FHL 124), the cells main-
ly involved in the development of PCO (a systematic
electronic literature search from 1998 to early 2014 was
undertaken using the online databases PubMed and Goo-
gle Scholar). The effect of andrographolide seems to
occur in a dose-dependent manner. There was no signif-
icant cytotoxic effect at the concentrations (100 and 500
nM) used in the study.

Many in vitro and ex vivo models of TGF-B2-induced
anterior subcapsular cataract (ASC) and PCO have been
developed (Liu et al. 1996, Wormstone et al. 1997,
Wormstone et al. 2002, Wormstone et al. 2006). TGF-
B2-induced EMT of LECs appears to play a key role in
PCO. TGF-B2 is the major isoform within the eye, most
of which is detected in the aqueous humor and exists
largely in the latent form. However, after trauma (e.g., by
surgical injury), active levels of all TGF-B isoforms can
be clevated (Dawes et al. 2009). TGF-B2 is known to
inhibit LEC proliferation and induce apoptosis (Mansfield
et al. 2004). The growth factor bFGF is normally present
in the lens environment and its concentration may in-
crease after cataract surgery (Wormstone et al. 2001).
Studies have shown that bFGF induces LEC proliferation,
which may contribute to the development of PCO. The
growth factor bFGF has been shown to exacerbate TGF-
B2-induced anterior subcapsular cataract in cultured rat
lenses (Cerra et al. 2003). On testing, it was observed
that other growth factors did not have this effect. Other
features of PCO such as excessive deposition of extracel-
lular matrix (ECM) and formation of plaques of swollen
cells occurred only when TGF-B2 was supplemented with
bFGF (Apple et al. 1992) (Mansfield et al. 2004). This
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suggests that addition of bFGF induces proliferation,
which eventually counteracts the proliferation suppression
of LECs by endogenous TGF-B2. The human lens cell
line FHL 124 has been used in recent years to investigate
the effects of TGF-B2-induced transdifferentiation and
contraction (Dawes et al. 2007a, Eldred et al. 2011).
Hence, in our study, we have used a combination of
TGFp-2 and bFGF to induce EMT in FHL 124 cells to
mimic PCO-like conditions. We have previously reported
that andrographolide reduces proliferation and migration
of FHL 124 cells by inhibition of PI3K/Akt pathway
(Kayastha et al. 2014).

Pax6 plays an important role in lens development and
its expression is confined to the lens epithelium (Kerr
et al. 2012). TGFp signalling could lower pax6 expression
in FHL 124 cells (Dawes et al. 2007b, Grocott et al.
2007). During EMT, LECs initially lose their cell-to-cell
contact due to reduced expression of the cell adhesion
molecule, E-Cadherin. This is followed by multi-layering
of the cells and their subsequent transdifferentiation into
myofibroblasts (Nathu et al. 2009). In our results, expres-
sion of m-RNA and protein levels of Pax6 and E-Cadherin
decreased in the growth factor-induced group and these
levels were regained following andrographolide treatment.
Moreover, to facilitate mesenchymal phenotype
transdifferentiation, markers like a-SMA, fibronectin, col-
lagen IV and vimentin were up-regulated (Banh et al.
2006, Choi et al. 2007, Gotoh et al. 2007). During path-
ogenesis of PCO, lens cells aberrantly synthesize and
deposit ECM components, which results in obscured vi-
sion. TGF-B2-induced fibrotic markers such as o-SMA,
fibronectin and matrix contraction/wrinkling of the poste-
rior capsule play a major role in PCO formation
(Wormstone et al. 2002). In our results, m-RNA and
protein expression of a-SMA, fibronectin, collagen IV
and vimentin were significantly up-regulated in the
growth-factor-induced group, while andrographolide treat-
ment completely abrogated the up-regulation of a-SMA,
fibronectin and collagen IV. Andrographolide is reported
to arrest the cell cycle depending on the cell type and
concentration (Cheung et al. 2012). However, our results
show that andrographolide was unable to arrest FHL 124
cells at a given time and concentration.

Recent studies have also shown TGF-f2-mediated EMT
through SMAD independent pathways like rass/MEK/ERK
MAP kinase cascade, Rho Kinase, JNK and p38MAPK.
MAPK signalling was found to play a role in matrix
contraction, a phenomena occurring during PCO (Dawes
et al. 2009). Exposure of TGF-B2 leads to serine/threonine
phosphorylation. Moreover TGF-beta RII undergoes auto-
phosphorylation on tyrosine residues (Lawler et al. 1997).
Further studies from Galliher and Schiemann showed that
Src-mediated tyrosine phosphorylation of TGF-beta RII
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triggers receptor in activation of the MAPK pathway
(Nakerakanti and Trojanowska 2012). Moreover, the pres-
ence of bFGF can activate the ERK pathway that has been
shown to play a role in fibre differentiation (Wang et al.
2009). In our study, exposure of FHL 124 cells to growth
factors led to activation of the MAPK pathway. We have
used PD98059, which is an inhibitor of ERK1 and ERK2.
Moreover PD98059 has been reported to block phosphor-
ylation of JNK (Salh et al 2000). In accordance with
previous reports, PD98059 suppressed phosphorylation of
ERK and JNK induced by exposure to growth factors.
Treatment of FHL 124 cells with andrographolide results
in suppression of phosphorylation of ERK and JNK at
protein levels.

Andrographolide is known for various biological activ-
ities such as anti-tumoral (Rajagopal et al. 2003), anti-
bacterial, anti-inflammatory and immunostimulant activi-
ties (Kumar et al. 2004). Andrographolide has been re-
ported to be antifibrotic as it reduces TGF-f and a-SMA
expression in hepatic cells (Lee et al. 2010a). We hy-
pothesize that andrographolide suppressed EMT-mediated
effects by inhibiting the MAPK signalling pathway.
Andrographolide treatment is known to activate macro-
phages and reduce the level of ERK 1/2 phosphorylation
(Wang et al. 2010). Andrographolide has been shown to
inhibit v-Src-induced transformation in the cancer cell
line. Oncogenic Src proteins in epithelial cells have been
reported to induce EMT. Src kinases perturb multiple
intracellular signalling pathways. One of them is the MAPK
pathway, which has been shown to be essential for v-Src-
induced neoplastic transformation (Liang et al. 2008). The role
of Src kinases has been well identified in the induction of PCO
(Walker et al. 2007). It is reported that andrographolide sig-
nificantly reduces the expression level of v-Src protein in a
concentration-dependent manner. We hypothesize that the in-
hibition of MAPK signalling may be the result of direct inter-
ference with ERK and JNK signalling or down-regulation of
Src kinases. The effect of andrographolide on the SMAD
signalling pathway in EMT-induced LECs could provide
crucial information regarding the role of andrographolide
in EMT.

Andrographolide helps to sustain epithelial characteristics
by modulating EMT markers and inhibiting the MAPK
signalling pathway in lens epithelial cells. Hence, it could
be useful in curbing EMT-mediated PCO.
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