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Estrogen mediated protection of cytoskeleton against oxidative stress
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Background & objectives: Cytoskeletal proteins are deregulated during oxidative stress and cataract
formation. However, estrogen which protects against cataract formation and harmful effects of oxidative
stress has not been tested on the cytoskeleton of lens epithelial cells (LECs). The current study was
undertaken to assess if the protection rendered to LECs by estrogen was mediated by preserving the
cytoskeletal proteins.

Methods: Oxidative stress was induced by 50 uM of H,0, in cultured goat LECs (gLECs) and effect
of 1 uM 17p-estradiol (E,) was tested. After treatment, morphological analysis of cells was carried out
using haematoxylin-eosin staining and cell density was also quantified. Cell viability was determined
using Hoechst (Ho), YO-Pro (YP) and propidium iodide (PI). F-actin and vimentin were localized using
phalloidin and anti-vimentin antibody, respectively, and viewed under fluorescence microscopy. Vimentin
was further analysed at protein level by Western blotting.

Results: H,0, led to increased condensation of nucleus, cell death and apoptosis but these were prevented
with pre- and co-treatment of E, with increase in cell viability (P<0.001). E, also prevented H,O, mediated
depolymerization of cytoskeleton but was not able to reverse the changes when given after induction of
oxidative stress.

Interpretation & conclusions: Our findings showed that E, helped in preventing deteriorating effect of
H,0,, inhibited cell death, apoptosis and depolymerisation of cytoskeletal proteins in LECs. However,
the exact mechanism by which estrogen renders this protection to cytoskeleton of lens epithelial cells
remains to be determined.
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Lens epithelial cells (LECs) are metabolically the
most active part of the lens and are particularly prone
to oxidative damage, which in turn is recognized as a
major risk factor for age related cataract'. Age-related
cataract associated with oxidative stress exhibits
sexual dichotomy and affects more females than males.
Increased prevalence of cataract in postmenopausal
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women compared to age-matched men, leads to the
hypothesis that the absence of estrogen probably
contributes to the increased risk’. Freeman et al’,
have shown a role of estrogen in protecting the lens
against cataract. These results are substantiated by
tissue culture and animal model studies in which
importance of estrogen in diminishing or preventing
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cataract has been documented*’. Studies confirming
the presence of estrogen receptors in lens, further
support these findings®. Using tissue culture of human
LECs (HLECs), estrogen has been shown to be a
powerful antioxidant’, cytoprotectant that prevents
mitochondrial depolarization, maintain cell viability
by induction of anti-apoptotic proteins and protective
signalling pathways during oxidative stress®’.

The cytoskeletal network consisting of actin and
vimentin, plays an important role in several vital
cellular functions and is considered the site where
early impact of oxidative stress is seen'’. Disruption
of cytoskeletal proteins on oxidative damage has been
implicated in different cell types!''*. In the ocular
tissues like retinal pigment epithelium and trabecular
meshwork, oxidative stimulus leads to reorganization
of actin and vimentin'*">. Deregulation of vimentin
and tubulin has been reported using CD5SA HLECs
following oxidative stress'®. Also, loss or degradation
of cytoskeletal proteins during cataract formation has
been well documented'”'®. Estrogen also regulates the
cytoskeleton and has an impact on its remodelling in
other cell types'**. However, the effects of estrogen
on cytoskeletal arrangement in LECs during oxidative
insult are not studied. The current study was thus
designed to elucidate the effect of oxidative stress
on cytoskeletal proteins; fibrous actin (F-actin) and
vimentin, and to understand if protection afforded to
LECs by estrogen during oxidative stress is attained
by maintaining the integrity of these cytoskeletal
proteins.

Material & Methods

Primary culture of goat LECs: The study was conducted
at Iladevi Cataract and Intraocular Lens Research
Centre, Ahmedabad, Gujarat. The study protocol was
approved by the institutional ethical committee. Goat
eyes (n =4) were collected from slaughter house within
30 min of death. After sterilization with betadine, eyes
were dissected and the lens was collected in phosphate
buffer saline (PBS) (Sigma, St. Louis, USA). A small
incision was made on the lateral side of the lens and
the lens capsule with the attached epithelium was
excised. The capsule was placed in 1 ml of 0.05 per
cent trypsin-EDTA (Sigma, St. Louis, USA) for 15 min
and observed under inverted microscope till all cells
got detached. Once the cells were detached, 200 ul of
foetal bovine serum (FBS) (Gibco, Invitrogen, Eugene,
USA) was added and the tube was centrifuged for 10
min at 480xg. Supernatant was discarded and pellets
obtained from the capsules were resuspended in 10 ml

Eagle’s minimal essential media (MEM) (Sigma, St.
Louis, USA) supplemented with 10 per cent FBS. Equal
number of cell (n=6000), were seeded on coverslips
in each well containing 600 pl of MEM-10 per cent
FBS. The culture plate was incubated at 37°C and 5 per
cent CO, - 95 per cent air. Medium was changed every
third day. The LECs culture was allowed to achieve 70
per cent confluence after which the cells were serum
starved. The following day cells were exposed to
oxidative stress and estrogen.

Treatment of hydrogen peroxide (H,0,) and estradiol
(E>): To study effects of estrogen, 17B-Estradiol (E,)
(Sigma, St. Louis, USA) was used as it is the main
form of estrogen. Oxidative stress was induced using
30 per cent hydrogen peroxide (H,0,) (MERCK
India Ltd, Mumbai, India). For treatment, H,O, and
E, were used at a final concentration of 50 and 1 uM,
respectively®. The wells were divided into six groups
as follows: C: control, with no treatment; H: Only H,O,
treatment for the first 24 h, followed by MEM; E: Only
E, treatment for the first 24 h, followed by MEM; H-E:
H,0O, treatment for first 24 h, followed by E, treatment
for next 24 h; E-H: E, treatment for first 24 h, followed
by H,O, treatment for next 24 h; and HE: Co-treatment
of H,O, with E, for the first 24 h, followed by MEM.
Each set of treatment was in duplicates and repeated
three times.

Histological studies: For histological analysis, cells
were fixed in 2 per cent paraformaldehyde (PFA)
(MERCK India Ltd, Mumbai, India), washed with PBS
and then stained with haematoxylin for nuclear staining
and eosin for cytoplasmic counterstaining.

Analysis of cell density: Cell density was analyzed after
fixing the cells in 2 per cent PFA, washing with PBS
and then staining the nuclei with 4’,6-diamidino-2-
phenylindole (DAPI) (Molecular Probes, Invitrogen,
Eugene, USA). Cells were visualized using fluorescent
microscope fitted with UV filter and images of cells
from 10 randomly selected areas for each group were
taken using Cohu cool CCD camera. These images
were analyzed for cell density using 4.1 v, Biovis
Image software (Expertvision, India).

Analysis of cell viability: Cell viability was assessed
on the basis of dye permeability using combination
of fluorescent dyes; Hoechst 33342 (Ho), YO-PRO-1
(YP) and propidium iodide (PI) (Molecular Probes,
Invitrogen, Eugene, USA). After completion of
treatment, cells grown on coverslips were immediately
incubated in PBS containing 4 uM Ho, 0.2 pM YP and
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0.5 uM PI for 15 min at 37°C. The solution was removed
and cells were washed in PBS, mounted and observed
under fluorescence microscope (Axioskope II, Carl
Zeiss, Germany). Ten random areas were selected from
each group. Ho, YP and PI positive nuclei (blue, green
and red, respectively) were observed using appropriate
filter sets. Number of Ho, YP and PI positive nuclei
were counted in each image and represented as nuclei/
mm? area using image analysis software (4.1 v Biovis,
Expertvision, India). These counts were used to
calculate the relative proportion of dead and apoptotic
cells. For quantification of cell mortality, YP and PI
positive cells were expressed as a percentage of Ho
positive cells.

Immunohistochemical localization of proteins: The
cytoskeletal proteins; vimentin and F-actin, were
localized using specific antibodies and fluorescence
microscopy as previously described?!. Briefly, the cells
on the coverslips were washed with PBS and then fixed
in 2 per cent PFA. After permeabilizing with 0.1 per cent
triton-X 100 and 0.1 per cent saponin (Sigma, St Louis,
USA), the samples were blocked using 1 per cent bovine
serum albumin (BSA) in PBS for 30 min at 37°C. Cells
were incubated with 1:200 diluted monoclonal mouse
anti-vimentin antibody (Sigma, St Louis, USA) in PBS
for one hour at 37°C. Following wash with PBS +
tween-20 (PBST), samples were incubated with 1:200
diluted anti-mouse antibody tagged with Alexa Flour
488 (Molecular Probes, Invitrogen, Eugene, USA)
and FITC conjugated phalloidin dye (Sigma, St Louis,
USA) at 37°C for one hour. DAPI (Molecular Probes,
Invitrogen, Eugene, USA) was used to counterstain the
nuclei. Fluorescence microscopy (Axioskope II, Carl
Zeiss, Germany) was used to visualize the proteins
and images were documented using Cohu cool CCD
camera.

Western blot analysis: Western blot analysis was carried
out to measure protein expression of vimentin®!. Cells
were washed with PBS and then collected in cell lysis
buffer (SDS, Sodium deoxycholate, Tris, NaCl and
Triton-x). Total protein concentration was quantified
by BCA assay using manufacturer’s protocol (Pierce,
Thermo Scientific, USA). 10 pg of total protein from
each treatment group was electrophoresed in SDS-
polyacrylamide gel and transferred onto nitrocellulose
membrane. Membrane was blocked in 5 per cent
skimmed milk in TBST for 1 h and then incubated
with anti-vimentin antibody (Sigma, St Louis, USA)
overnight at 4°C. After washing with TBS plus tween-
20, the membrane was incubated with horse radish

peroxidase conjugated secondary antibody. Protein
bands were observed on addition of substrate and
chromogen (H,0,+DAB). The intensity of bands
was quantified using UN-SCAN IT gel (v-6.1) (Silk
Scientific Corporation, USA).

Statistical analysis: Analysis of variance (ANOVA)
was used for the comparison of data sets. All data are
reported as mean + SE and P<0.05 was considered
significant.

Results

Effect of H,0O,and E,on LEC morphology: Oxidative
stress can lead to several morphological alterations
in LECs. These changes were visualized using
haematoxylin-eosin staining. Cells were uniformly
arranged in the control group, and had large nuclei
with uniform staining. On treatment with H,O,, the
nuclei of the cells underwent condensation and some
cells even showed nuclear fragmentation, which is a
characteristic of apoptotic cells. E, treated group (E)
had cells with morphology similar to that of control
cells. Treatment of E, following H,O, (H-E) did not
improve cell morphology and cells with condensed
nuclei were observed. Pre-treatment of E, (E-H),
greatly reduced the number of cells with condensed
nuclei. Simultaneous treatment of E, with H,O, (HE),
showed a heterogeneous group of cells with both large
as well as small cells and some with condensed nuclei

(Fig. 1).

Effect of H,O,and E,on LEC density: After treatment
with H,O, (H), the cell density reduced significantly
(P<0.001) compared to control, whereas the cell
density was not altered on treatment of E, alone (E).
Although all three groups H-E, E-H and HE showed
increase in cell density compared to that of H, increase
in only E-H was statistically significant (P<0.05).
These three groups showed a decrease in cell density
when compared to E, treatment alone (Fig. 2).

Effect of H,O,and E, on viability of LEC: Cell viability
was assessed by dye exclusion assay using Ho, YP and
PI (Fig. 3). It should be noted that YP+ and PI+ cells
indicate dead cells with damaged plasma membrane,
through which these dyes can penetrate. YP- and PI-
cells are live cells with intact plasma membranes and
apoptotic cells are YP+ and PI- with altered plasma
membrane.

Untreated cells (C) had very few positive nuclei
for YP and PI, whereas the per cent of dead cells
(YP+ and PI+) increased significantly (P<0.001) on
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H-E

Fig. 1. Haematoxylin-eosin stained goat lens epithelial cells (gLECs) of different treatment groups as viewed under light microscope with
10x objective. Groups; C = untreated cells, H = H,0, treated, E = E, treated, H-E = H,0, treatment for the first 24 h followed by 24 h of E,
treatment, E-H = E, treatment for first 24 h followed by H,O, treatment, and HE = co-treatment of H,0, and E, for the first 24 h followed by

MEM.

induction of oxidative stress (H) (Fig. 4.) but treatment
of E, helped in maintaining cell viability. Pre- or co-
supplementation of E, increased (P<0.001) per cent of
viable cells (YP- and PI-), when compared to group H.
Post-supplementation of estrogen (H-E) did not have
significant protective effect. The number of apoptotic
cells (YP+ and PI-) was the highest when only H,O,
treatment was given (H).

Effect of H,O, and E, on cytoskeleton of LEC: As
illustrated in Fig. 5, control group showed vimentin
predominantly in filamentous form, usually without
a pronounced perinuclear ring. This arrangement
was lost when the cells were treated with H,0,;
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Fig. 2. Cell density of gLECs in different treatment groups. Cell
density was quantified by Biovis image analysis software. Groups
as defined in Fig. 1. NS= non significant. "P<0.001 compared with
control; *P<0.05 compared with H (H,O, group). Values are mean
+ SE (n=3).
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Fig. 3. Cell viability assessed by dye exclusion assay in different
treatment groups. Each row depicts same microscopic field of the
given treatment group taken with 5x objective. Column I shows
Ho stained cells. Column II shows cells positive for YP and cells
which labelled for PI are shown in column III. Groups as defined
in Fig. 1.
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Fig. 4. Cell mortality of gLECs in different treatment groups.
Number of cells positive for YP and PI are expressed as a percentage
of number of cells positive for Ho. Treatment group as defined in
Fig. 1. Values are mean = SE (n=3). NS, non significant. *P<0.001
compared with control; #P<0.001 compared with H.
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Fig. 5. Immunolocalization of cytoskeletal proteins; vimentin and
F-actin in different treatment groups with 40 x objective. Each
row depicts same microscopic field of the given treatment group.
Column I shows phase images of cells. Column II show cells
positive for vimentin (green) and cells with F-actin (red) are shown
in column III. Column IV shows merged images of column II and
II1. All the cells are counterstained with DAPI (blue).

vimentin became diffused and showed a perinuclear
arrangement, but control-like distribution was seen
on treatment of E,. These cells in the E group showed
vimentin filaments traversing throughout the cytoplasm
of the cells. Treatment of E, following oxidative stress
(H-E) did not improve vimentin cytoskeleton which
looked highly diffused and degraded. Pre-treatment
with estrogen (E-H) helped in regaining fine as well as
dense mass of vimentin filaments. In the group where
co-treatment of E, was given with H,O, (HE) cells
had heterogeneous vimentin; with some cells showing
filamentous reticular network of vimentin while
some showing a condensed layout with pronounced
perinuclear arrangement.

Protein analysis by BCA showed no significant
difference in quantity of total protein between
control and treated groups. Immunoblotting analysis
with vimentin specific antibodies revealed that
the intensity of bands varied between different
treatment groups and was more pronounced in the
group where cells were treated with H,O, alone,
but this difference was not statistically significant

(Fig. 6).

In untreated cells, prominent actin stress fibres
were present and also showed presence of some
lamellipodia and filapodia like structures (protrusions)
(Fig. 5). Major reorganization of actin cytoskeleton
occurred on treatment of H,O,. During oxidative stress
(H), depolymerisation of actin occurs and the protein
gets arranged as dense condensation in the cells. In
group E, actin localization was almost the same as that
in control. Cells showed presence of dorsal stress fibres
with cell edges showing strong actin staining. Estrogen
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Fig. 6. Western blot analysis of vimentin protein expression in
gLECs after different treatments. The bands obtained were quantified
using UN-SCAN-IT gel and the graph was plotted by comparing
the per cent of total segment size in each treatment group. Groups
as defined in Fig. 1. Values are mean + SE (n=3).
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treatment after exposure to oxidative stress (H-E) did
not help in inhibition of actin depolymerization, save
formation of a few stress fibres with overall diffused
or disorganized actin filament staining. Pre-treatment
with E, (E-H) protected actin cytoskeleton and led
to homogeneous distribution of actin with plenty of
cytosolic stress fibres traversing along the length of
the cell. In the HE group, heterogeneous distribution
of actin was observed with some cells showing normal
stress fibre pattern, some with polygonal network of
actin stress fibres and some which showed diffused
actin cytoskeleton.

Discussion

In this study, the effect of estrogen was assessed on
H,0, induced oxidative stress on two main cytoskeletal
proteins; vimentin and fibrous-actin (F-actin), as
these two proteins are altered during oxidative stress
and in cataract formation'"'>!718, o ECs were used
due to unavailability of clear cadaver lenses. A final
concentration of 1 uM E, was chosen based on a
previous report®. H,O, concentration varies from 10-
660 uM in cataract patients with mean concentration
of 69 uM*. A physiological concentration of 50 uM
H,0, was employed to induce oxidative stress in this
study?®.

Oxidative stress leads to profound injury to a
number of intracellular macromolecules, and ultimately
leads to cell death. On carrying out cell viability assay
by Ho-YP-PI, it was found that level of cell death
was the least in control, followed by treatment group
E. The highest level of cell death and apoptosis was
observed on treatment of H,0, (H) and increased LEC
death on treatment of H,0, is associated with cataract
formation'*. These results corroborated with other
studies on LECs showing activation of caspases and
induction of apoptosis upon treatment with H,0,,

Cystoskeletal protein, vimentin was found in
different forms in all the groups, but with no significant
difference in the level during oxidative stress.
However, on induction of oxidative stress, major
rearrangement of vimentin and actin was observed.
The depolymerization of cytoskeletal proteins reported
here during oxidative stress is well established in
endothelial cells'?. Loss and disruption of vimentin
and actin are reported in in vitro models of oxidative
stress using cortical neurons and in vivo cataract
models'"'"!¥; although actin cytoskeleton has not been
studied during oxidative stress using cultured LECs.
Under oxidative insult the conventional intracellular

antioxidant enzymes will be overburdened and this can
possibly lead to major remodelling of the cytoskeleton.
Our results corroborated with other study on LECs!'®
and with studies on other cell types using H,O, induced
oxidative stress'?, in which cytoskeletal deregulation
was observed. This study confirms cytoskeleton
depolymerization on induction of oxidative stress and
further strengthens the hypothesis that cytoskeleton
proteins are directly or indirectly involved in response
to oxidative stress. Although contradictory results
showing polymerization of these proteins in endothelial
cells exist®, but these differences can be ascribed to
the basic difference in cells used and culture conditions
used for specific cell type.

In the present study, pre-treatment (E-H) and co-
treatment (HE) of estrogen inhibited apoptosis in H,O,
treated cells, whereas, post-treatment (H-E) was not
able to do the same. The decrease in cell apoptosis
observed on treatment of E, can possibly be attributed
to either phosphorylation of HSP27 leading to anti-
apoptotic pathway?® or activation of survival pathway
MAPK during H,0, induced oxidative stress’.

Our results showed that on treating with E, (E),
the cells were in similar morphology to those seen
in control group (C). Both vimentin and actin were
present in the filamentous form. Pre-treatment of E,
before H,O, (E-H), inhibited depolymerisation of
cytoskeleton possibly because prior exposure of cells
to E, would enhance the antioxidant status of the cell.
This has also been shown in our previous work’. The
other possibility of estrogen binding to its receptors
and transmission of protective signals can also be
considered®. Further, estrogen is considered to mediate
its antioxidative properties both by the genomic mode
of action as well as non-genomic pathway*®. The non-
genomic mode of action is rapid and takes place within
minutes”?®. On subjecting the cells simultaneously
with E, and H,O, (HE), filamentous cytoskeleton
was found suggesting that E, might be acting via the
rapid non genomic pathway. Although the possibility
of direct binding of the phenolic ring of estrogen to
H,0, ?7, which can nullify oxidative effect and thus
help in maintaining the cytoskeleton integrity cannot
be neglected. However, the exact mechanism is not
clear and effect of estrogen is not uniform as some cells
show early signs of oxidative damage. Estrogen was
not able to reverse the cytoskeletal damage induced
by prior treatment of H,O, (H-E), confirming previous
notion that changes induced by oxidative stress are not
reversible'.
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There is compelling evidence that the cytoskeleton
supports cell survival and their disruption will activate
caspases and lead to increased apoptosis, which could
lead to further cytoskeleton degradation?. These
results were replicated in LECs, where loss of actin
stress fibres triggered apoptotic pathway and led to cell
death?. On the other hand, apoptotic pathways directly
triggered by oxidative stress by inducing caspase-8§,
-9, can cleave vimentin, which in turn promotes
apoptosis'****°, whereas estrogen will activate anti-
apoptotic pathways.

In conclusion, in the present study, induction of
oxidative stress by H,O, led to loss of cytoskeleton fibres
and increased apoptosis and cell death, all of which
were inhibited by pre- and co- treatment of estradiol.
But it is difficult to predict if cytoskeleton deregulation
during stress led to increased apoptosis or vice-versa.
Estrogen helps in preventing the deteriorating effect of
H,0,, inhibits depolymerization of cytoskeletal proteins
and apoptosis of lens epithelial cells; which in turn
may lead to development of cataract. This study thus
highlights importance of estrogen in protecting against
cataract. Further studies to identify the signalling
pathways by which estrogen mediates this protection
to LECs during oxidative stress are in progress.
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