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Abstract

Purpose To investigate the DNA methylation status of «A-
crystallin gene in cataract secondary to pars plana vitrectomy.
Methods Anterior capsular membranes of 40 eyes of 40 pa-
tients with cataract secondary to vitrectomy were collected.
Another 20 eyes of 20 patients who received pars plana vit-
rectomy and phacoemulsification in the primary procedure,
were recruited as control. Methylation status of the CpG
islands of «xA-crystallin gene was analyzed by pyrosequenc-
ing. Expression of «A-crystallin was evaluated by real-time
polymerase chain reaction and western blot.

Results In the post vitrectomy group, five patients with poste-
rior subcapsular opacity and four patients with cortical opacity
were excluded from further analysis. The remaining 31 patients
with nuclear cataract were assigned into two groups according
to tamponade types: 19 of octafluoropropane (C3F8) and 12 of
silicone oil (SiO). The average nuclear color grading was ele-
vated both in C3F8 and SiO groups after vitrectomy. Compared
to the control group, hypermethylation of the CpG islands in
the «xA-crystallin gene promoter was found in both post vitrec-
tomy groups, accompanied by significantly reduced ocA-
crystallin expression. No statistically significant differences
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were found between the C3F8 and SiO groups either for
DNA methylation status or cA-crystallin expression.
Conclusions CpG islands hypermethylation of xA-crystallin
gene may be involved in nuclear cataract formation after pars
plana vitrectomy.
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Introduction

Since its first introduction in 1971 [1], pars plana vitrectomy
(PPV) has been widely applied in treating various posterior
segment diseases. Despite technical progress in PPV surgery,
cataract formation, other than reoccurrence of primary
underlying diseases, remains to be the most common com-
plication of PPV [2], with up to 80 % developing cataract
within 2 years [3]. Although the immediate cause is unknown,
possible suspicions include age [4], iatrogenic factors, and
concurrent systemic diseases like diabetes mellitus [5].
Meanwhile, different types of tamponade were reported to
result in various forms of cataract and different interval time
between PPV and cataract onset.

Previous studies, including our work, demonstrated that
decreased levels of aA-crystallin (CRYAA) are involved in
the lens opacification process during aging [6—8]. Alpha-
crystallin, composed of two subunits, xA- and «B-crystallin,
is the most abundant structural protein in the human lens
[9-11]. It possesses chaperon-like function as a member of
the small heat-shock protein family [12], which is particularly
important in the lens, as there is no protein turnover in the
inner part, and, once synthesized, these proteins persist for
an individual’s lifespan.

Recently, research on epigenetic regulation of gene expres-
sion has drawn more attention. It alters DNA-transcription
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factor affinity through three mechanisms: DNA methylation,
histone modification, and microRNAs. DNA methylation is
found to be closely related to growth and development regu-
lation and tumor pathogenesis [13]. Moreover, our previous
studies found that down-regulation of CRYAA gene associat-
ed with DNA methylation in six CpG islands of CRYAA
promoter is an important contributing factor both in the for-
mation of age-related nuclear cataract [8] and high myopia
cataract [14].

We, therefore, hypothesized that hypermethylation of CpG
islands in the CRYAA promoter is also involved in cataract
secondary to PPV. To test our hypothesis, anterior capsular
membranes were collected from patients receiving
phacoemulsification for secondary cataract after PPV, and
DNA methylation status of CpG islands in CRYAA promoter
was investigated by pyrosequencing. CRYAA gene expres-
sion in lens epithelial cells (LECs) of these eyes was analyzed
by real-time polymerase chain reaction (real-time PCR) and
western blot assay.

Methods

All the samples obtained during surgery were handled in ac-
cordance with the tenets of the Declaration of Helsinki. The
ethics committee of the Eye and ENT Hospital, Fudan
University, approved our collection and use of anterior capsu-
lar membranes from patients undergoing cataract surgeries.
Before the sample collection, written informed consent was
obtained from all subjects following an explanation of the
nature and possible consequences of the study. The consent
procedure was approved by the aforementioned ethics
committee.

Patient collection

Forty eyes of 40 cataract patients with previous history of PPV
because of rhegmatogenous retinal detachment (32 patients,
80 %) or macular holes (eight patients, 20 %) were recruited
and received cataract surgery during 1 May 2012 to 30 April
2013. The preoperative exclusion criteria included: (a) cata-
racts due to etiologies other than PPV-related changes; (b) a
history of prior ocular surgery except PPV; (c) glaucoma, uve-
itis, or choroidal neovascularization; (d) systematic disease
such as diabetes. Another 20 eyes of 20 patients, who received
PPV and phacoemulsification in the primary procedure, were
designated as the control group. The type and severity of cat-
aracts were graded and recorded according to the modified
version of the lens opacity classification system III (LOCS
II) [15] by one experienced surgeon before surgery, with
NC1 to NC5 representing nuclear color (NC) grading.
Average grading of control cases was NC (1.4£0.5). As all
the control cases were found with mild nuclear sclerosis, only
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31(77.5 %) cases with nuclear sclerosis in the post-PPV group
were included for further analysis.

Human lens capsular membrane samples acquisition

Surgery procedures are briefly described below. An approxi-
mately 2.6 mm clear cornea incision was made. After the
paracentisis, continuous curvilinear capsulorhexis measuring
about 5.5 mm in diameter was accomplished using
capsulorhexis forceps. Following hydrodissection,
phacoemulsification of the nucleus and aspiration of the cor-
tex were performed. Then the intraocular lens (IOL) was
inserted into the capsular bag. The cornea incision was sealed
with sterilized balanced salt solution. All the anterior capsular
membranes were collected and stored at —80 °C immediately
until further use.

DNA extraction and bisulfite conversion

DNA isolation was performed adhere to the manufacturer’s
instructions of a DNeasy Blood & Tissue kit (Qiagen,
Germantown, MD, USA). EZ DNA Methylation-Gold™ Kit
(Zymo Research, Irvine, CA, USA) was used for bisulfite
conversion of DNA. Each DNA sample (20 pl) mixed with
CT Conversion Reagent (130 pl) were heated to 98 °C for
10 min, 64 °C for 2.5 h, and stored at 4 °C up to 20 h before
loading onto the Zymo-Spin™ IC Column (Zymo Research).
After centrifugation for 30 s at 10,000 x g, desulphonation
buffer and elution buffer were added to the column, then cen-
trifuged again for 30 s at 10,000 x g to elute the DNA. After
bisulfite conversion, unmethylated cytosines (Cs) changed to
thymines (Ts), leaving the methylated cytosines (CGs)
unchanged.

PCR design and amplification

The bisulfite-modified DNA (2 ul) was amplified with
primers of CRYAA gene as follows: forward, Biotin-TGGG
GATATGTAGTTATTTTGATAGGAG; reverse, CTAAAC
CCCCAACCCCATAACCAT. The methylated primers were
selected because the primer sequences are located in upstream
sequences of the genes, and the inverse relation between
methylation and expression of the gene has been demonstrated
in our previous study using these primers [8]. PCR was per-
formed in 25-pl reaction volumes, according to the manufac-
turer’s instructions (PyroMark PCR Kit, Qiagen), containing
bisulfite converted DNA (20 ng), primers (0.2 uM each), 1 x
PyroMark PCR Master Mix (containing HotStarTaq DNA
Polymerase, 1 xPyroMark PCR Buffer, and dNTPs), and
MgCl, (1.5 mM). The conventional amplification protocol
of PCR was programmed as follows: initial 15 min first heat
activation step at 95 °C followed by 45 amplification cycles of
94 °C for 30 s, 56 °C for 30 s, and 72 °C for 30 s. The program
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was ended with a final elongation of 10 min at 72 °C. Each
PCR sample was collected for pyrosequencing.

Pyrosequencing

The pyrosequencing procedure was performed according
to previous studies [16] and the manufacturer’s instruc-
tions. A PyroMark Q24 Plate (Qiagen) was prepared by
adding 0.3 uM sequencing primer (CAACCCCATAAC
CATC) in 25 ul annealing buffer per well, one for each
sample to be tested. A mixture of 40 pl binding buffer
and 2 ul streptavidin Sepharose beads (34 um, 5 ml,
Streptavidin Sepharose High Performance, GE
Healthcare) was added to a biotinylated PCR product
(15 pl), maintaining a total volume of 80 upl. Then the
prepared mixture was added into a 24-well PCR plate.
After sealing the plate, the mixture was shaken at room
temperature to allow biotinylated PCR product capture
on streptavidin-coated beads. Immediately after immobi-
lization, the PCR plate and PyroMark Q24 Plate were
placed onto a PyroMark Q24 Vacuum Workstation
(Qiagen). The streptavidin-coated Sepharose beads con-
taining immobilized templates were captured, washed,
denatured, then rewashed with the Vacuum Prep Tool
(Qiagen). The prewarmed PyroMark Q24 Plate contain-
ing the single-stranded pyrosequencing template DNA
was heated at 80 °C for 2 min to denature the template
and let the sequencing primer anneal during cooling to
the room temperature. The resulting products were se-
quenced by PyroMark Q24 System (Qiagen). The meth-
ylation status of each locus in each pyrogram was ana-
lyzed individually as a T/C SNP using PyroMark Q24
Software (Qiagen).

Real-time polymerase chain reaction

Real-time PCR was performed as previously described [17].
Total RNA was extracted from anterior capsular membranes
using an RNAprep Pure Cell Kit (DP430; TIANGEN,
Beijing, China) according to the manufacturer’s instructions.
DNase I was used to eliminate the possibility of genomic
DNA contamination. Samples were dissolved in RNase-free
water and quantified by the average of duplicate spectropho-
tometric readings at 260 nm (A260). Total RNA purity was
determined by A260/A280 absorption. All the RNA samples
were found to have A260/A280 ratios between 1.9 and 2.0.
DNase-treated RNA samples were transcribed to cDNA with
ReverTra Ace qPCR RT Kit (FSQ-101; TOYOBO, Osaka,
Japan). The reaction containing of 1 ug RNA, 0.5 uL
Primer Mix, and 0.5 pL RT Enzyme Mix was incubated for
15 min at 37 °C, followed by heating for 5 min at 95 °C.
PCR amplifications were performed in a 20-uL reac-
tion mix containing 10 ng cDNA, 2 pL primers, and

10 uL PowerSYBR Green PCR Master Mix on
Mastercycler (Eppendorf AG 22331; Hamburg,
Germany). The specificity of the PCR amplification prod-
ucts was checked by performing dissociation melting-
curve analysis and by 1 % agarose gel electrophoresis.
All quantitation were calculated by the comparative cycle
threshold method (AACt). The results were expressed as
ratio between CRYAA and GAPDH gene.

Human primers were designed using computer software
(LC Probe Design; Qiagen Operon, Alameda, CA, USA).
Primer sequences are listed as follows: CRYAA, forward 5'-
CCTGCTGCCCTTCCTGTCGT-3', reverse 5'-TCCTGGCG
CTCGTTGTGCT-3"; GAPDH, forward 5'-GAAGGTGAAG
GTCGGAGTC- 3, reverse 5'-GAAGATGGTGATGGGATT
TC- 3"

Western blot assay

Selected samples were lysed with pre-cooled extraction
buffer (RIPA lysis buffer, PO013B; Beyotime, Jiangsu,
China) and centrifuged at 3,200 x g for 10 min under
4 °C to obtain supernatants. After determining protein
concentration by Quick Start Bradford Protein Assay Kit
(Bio-Rad, Hercules, CA, USA), 5X SDS-PAGE loading
buffer was added to sample extracts and denatured un-
der 100 °C for 5 min. Then sample extracts were sep-
arated by 12 % gradient SDS-PAGE. Protein bands were
transferred onto a PVDF blotting membrane (Millipore,
Bedford, MA, USA), and subjected to immunolabeling
using primary antibodies for CRYAA (1:1000 dilution,
Abcam, Cambridge, MA, USA) and GAPDH (1:1000
dilution, Abcam, Cambridge, MA, USA). Then incubat-
ed the membrane with a horseradish peroxidase (HRP)-
conjugated secondary antibody (1:2000 dilution; Abcam,
Cambridge, MA, USA) for 30 min at room temperature.
Immunoblotted bands were revealed by ECL chemilumi-
nescence detection kit (Amersham Pharmacia Biotech,
Cleveland, OH, USA). The intensity of bands was mea-
sured using ImageJ 1.45 s (USA).

Statistical analysis

All statistical analyses were performed using SPSS v20.0
(SPSS Inc., Chicago, IL, US). Experimental data were pre-
sented as mean+SD. A P value less than 0.05 was considered
statistically significant in all cases. The significance of the
differences among three groups was determined by
ANOVA. Least significant difference (LSD) test was used
for multiple comparisons of means between groups.
Spearman correlation analysis was used to analyze the rela-
tionship between the selected variables.
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Table 1 Baseline data of all

recruited patients Control {C3F8 §Si0
Numbers 20 19 12
Age (years) 50.6+11.0 49.3+8.3 51.7£9.4
Male/Female 10/10 11/8 7/5
Axial length (mm) 26.15+2.50 26.89+2.67 27.60+3.36
Intraocular pressure (mmHg) 12.59+2.87 13.72+£3.77 13.95+4.24

) Interval time between Mean / 44 23
+ PPV=pars plana vitrectomy +PPV gnd cataract Median / 24 14
1 C3F8=octafluoropropane surgeries (months) Range / 4-156 670

§ SiO=silicone oil

Results
Baseline characteristics of the sample

In the post-PPV group, there were five (12.5 %) patients
with posterior subcapsular opacity and four (10 %) pa-
tients with cortical opacity. As all the control cases had
mild nuclear sclerosis, only 31 (77.5 %) patients with
nuclear sclerosis in the study group were included for
further analysis. These 31 cases were further divided into
two groups according to the type of postoperative
tamponade, 19 in the C3F8 group and 12 in the SiO
group. The 19 cases in C3F8 group received one PPV
procedure, while of the SiO group, 11 had two proce-
dures, one had three. The baseline data of 20 control
and 31 PPV cases is listed in Table 1. No statistically
significant differences were found for age, gender, axial
length, or intraocular pressure among each group (all
P>0.05, according to ANOVA analysis and LSD test).

Progression of cataract after pars plana vitrectomy

The mean interval time between phacoemulsification and last
vitreous procedure was 44 months (median: 24 months, range:
4-156 months) in the C3F8 group, and 23 months (median:
14 months, range: 670 months) in the SiO group. The SiO
group had significantly shorter time interval between the PPV
and cataract surgeries than the C3F8 group (P=0.041).

The grading of cataracts before and after PPV in the two
tamponade groups and in the control group are displayed in
Table 2. Average grading of control cases was NC (1.4+0.5),
including 13 cases graded as NC1 and seven cases graded as
NC2. Before cataract surgery, the LOCSIII grading of the two
tamponade groups were similar to the control group (all
P>0.05; according to ANOVA analysis and LSD test). All
cases were found to have an elevated NC grading after PPV.
On average, before and after PPV, LOCSIII grades were (1.2+
0.4) and (3.3£0 the.5) in C3F8 group, and (1.4£0.5) and (3.9
+0.8) in the SiO group.

Table 2  The LOCSIII grading of cataracts before and after PPV in the two tamponade groups and in the control group

Control 1C3F8 §SiO
TPre-PPV Post-PPV Pre-PPV Post-PPV

*Nuclear #NCl1 13 15 0 7 0

NC2 7 4 0 5 0

NC3 0 0 13 0 4

NC4 0 0 6 0 5

NC5 0 0 0 0 3

Average 1.4£0.5 1.2+0.4 3.3+0.5 1.4+0.5 3.9+0.8
|[PSC 0 0 3 0 2
Cortical 0 0 3 0 1

T PPV=pars plana vitrectomy
1 C3F8=octafluoropropane

§ SiO=silicone oil

|| PSC=posterior subcapsular

# NC=nuclear color

* The type and severity of cataracts were graded and recorded according to the modified version of the lens opacity classification system III (LOCS III)
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Hypermethylation of CRYAA promoter in the lens epithelial
cells of cataracts secondary to pars plana vitrectiomy

Classic pyrograms of three cases are presented in Fig. 1.
Average methylation data of each CpG island was cal-
culated in each group. Of all the six selected CpG
islands, both PPV groups presented higher methylation
status compared to the control group (Fig. 2a). In the
C3F8 group, 55.7+5.0 % of the selected CpG islands
was hypermethylated, and the in SiO group, the value
was 59.6+4.0 %, both of which were significantly
higher than the control group (39.2+7.5 %) (Fig. 2b,
both P<0.0,1; according to ANOVA analysis and LSD
test). This strongly indicates that CpG islands in the

Fig. 1 Methylation analysis of CpG No. 1
CRYAA promoter using
pyrosequencing in samples from A
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PPV with SiO e
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CRYAA promoter of lens epithelial cells in the anterior
capsular membrane from lenses of postvitrectomized
eyes were hypermethylated.

Although the overall data seemed numerically elevat-
ed in SiO cases, no statistically significant difference in
CRYAA methylation status was detected between the
two PPV groups. The only one patient who underwent
three procedures had a methylation rate as high as
65.3 %, while the average for those who underwent
two surgeries was 59.2+3.8 %.

The correlation between CpG islands methylation levels
and age, gender, median and average interval time between
PPV and cataract surgery, axial lengths, or intraocular pressure
were also analyzed. However, no statistically significant

2 3 4 5 6

A5: RTOOCCTCRATATAACRCCTCRAACRTTACATCTCRTAATAATATAATACC

aon, feex, COBE C D) 731)

0 W VO VRN VN VNV VO TN W VA VAN R T VU VU VAU W VU VU T T W T AU A W W VT VS v—"'o—"—
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1a 15 20 = 0 is 40 45
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Fig. 2 CpG islands A
hypermethylation of the CRYAA 90.0 -
promoter in cataract cases ’ ¥
secondary to pars plana 0.0 - ¥
vitrectomy. a CpG islands are ’ I I
hypermethylated in two PPV 70.0 I_\ L
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correlations were observed in either PPV groups (all P>0.05,
according to Spearman correlation test; data not shown).

Decreased CRYAA mRNA and protein expression in the lens
epithelial cells of cataract secondary to pars plana vitrectiomy

Comparing to the control, a significantly decrease in CRYAA
mRNA expression in both PPV groups was confirmed by real-
time PCR (both P<0.05; Fig. 3). Meanwhile, the two PPV
groups had significantly decreased levels of ccA-crystallin ex-
pression (both P<0.;5, Fig. 4). However, no statistically sig-
nificant differences were found between the two PPV groups
either for the CRYAA mRNA or protein expression.
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Discussion

With the development of modern technology and our knowl-
edge, pars plana vitrectomy is now a routine procedure in the
clinic. It brings benefit to the patients by restoring their visual
acuity. However, cataracts secondary to PPV, with incidence
as high as 80 % in 2 years after PPV [2, 3, 5, 18], remains an
unavoidable problem during the vision recovery process. It is
also known that cataract surgery in vitrectomized eyes is more
challenging than in nonvitrectomized eyes, most probably due
to anatomical alterations imposed by lacking of vitreous sup-
port with primary vitreoretinal disorder and PPV surgery itself
[19]. Therefore, it is important to look into the pathogenesis of
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*

CRYAA mRNA
Normalized fold expression
(=3
[=)}

Control C3F8 Sio
Groups

Fig. 3 Decreased expression of CRYAA mRNA in anterior capsular
membranes of cataract cases secondary to pars plana vitrectomy.
CRYAA mRNA expression was detected by real-time PCR. Results are
shown as normalized fold expression levels of CRYAA mRNA. GAPDH
was coamplified as an internal control. Data represent three independent
experiments. ¥*P<0.05 vs. control

A Control C3F8 Sio

CRYAA - . —

GAPDH

0.9 4
0.8 4
0.7 -
0.6 -
0.5
0.4
0.3
0.2
0.1
0.0

Protein CRYAA/GAPDH

C3F8 Sio
Groups

Control

Fig. 4 Decreased expression of «A-crystallins in anterior capsular
membranes of cataract cases secondary to pars plana vitrectomy.
CRYAA protein expression was detected by western blot. GAPDH was
used as an internal control. Representative blots (left panels) and
densitometric analysis with standard deviation (SD; right columns) of
three independent experiments are shown. *P<0.05 vs. control

cataract secondary to pars plana vitrectomy for better nonsur-
gical prevention and treatment. In this study, we found that
CpG islands in the CRYAA promoter are hypermethylated in
the lens epithelial cells of cataract patients after PPV. Real-
time PCR and western blot confirmed that «xA-crystallin ex-
pression is also significantly downregulated in these patients
than in the control group. Overall, our findings suggest that
downregulation of CRYAA associated with DNA hyperme-
thylation might be involved in the development of cataract
secondary to PPV.

In the two PPV groups with nuclear cataract, the average
NC grading was significantly elevated after surgery, all of
which indicated the formation and progression of cataract sec-
ondary to PPV [20, 21]. Prior studies showed various inci-
dence rates in different cataract types after PPV. In the study
of Pinter et al., PSC were seen more frequently in
postvitrectomized eyes in 2 months to 6 years of follow-up
[5]. In Thompson et al’s study, PSC was also found to be
increased after vitrectomy, but this increase is relatively small
and is not visually significant in most eyes [4]. Actually, most
studies suggest that nuclear cataract might be the more com-
mon type of cataract after PPV [22, 23]. Hsuan et al. reported a
characteristic, transient posterior subcapsular cataract (PSC)
present in 89 % of tamponade patients within 24 h of surgery.
However, according to the follow-up during the late postop-
erative period, such acute changes could generally resolve and
then were followed by accelerated nuclear opacification with
67 % of patients developing nuclear cataracts in the
tamponade cases after PPV [23]. Moreover, recent study of
Gupta et al. showed an incidence rate of nuclear cataract as
high as 91.89 % in high myopic eyes with previous vitrecto-
my, during a follow-up period of 3—6 weeks [22]. Our data
(77.5 %) are also suggestive of nuclear cataracts as the major
form of cataract secondary to PPV.

Regarding the median interval time between PPV and cat-
aract surgeries, it was 24 months in patients with C3F8
tamponade and 14 months in those with SiO tamponade.
The differences in time to cataract surgery between the two
groups of post-PPV patients may be for the following two
reasons. Firstly, as to the PPV with any kind of tamponades,
the change of oxygen pressure in the vitreous cavity may be a
crucial factor leading to cataracts. The partial oxygen pressure
might be additionally elevated by ventilation with oxygen and
a high oxygen pressure in the infusion fluid during surgery
[24]. This elevated partial oxygen pressure may lead to in-
creased oxidative stress to the lens proteins, and finally lead
to the occurrence of a nuclear cataract [24]. Secondly, com-
pared to C3F8, SiO can provide prolonged intraocular
tamponade, and its prolonged direct contact with the posterior
part of the lens may also be an important cause accelerating
the development of cataracts after PPV [25]. However, further
studies are required before the exact mechanism can be
understood.
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As for the pathogenesis of the post-PPV cataract, signifi-
cantly increased oxygen tension in the vitreous and the ante-
rior chamber of these eyes might be an important reason [20,
26-28]. Low levels of oxygen in the mid-vitreous and near the
lens of the eye in humans may be important to the health of the
lens, including maintenance of lens transparency [29]. When
the gel vitreous, likely to function as a “sink” for O2 [27], is
intact before vitrectomy, normal oxygen gradients within the
eye can be maintained. Conversely, after surgical removal of
vitreous or age-related liquefaction, liquid vitreous has a lower
concentration of ascorbate and a slower rate of oxygen con-
sumption [26]. In other words, the function of the vitreous
body as a “sink” for O2 is likely to be seriously weakened
after PPV. It is reported that vitrectomy surgery is associated
with a significant increase in partial oxygen pressure (pO2) in
the eye, according to observations in human beings and rabbit
models [30, 31]. Such increased oxygen tension around the
lens exposes its DNA and proteins to marked oxidative stress,
and is recognized as an important risk factor for nuclear cata-
ract formation [4, 32]. And the low incidence of cataracts in
post-PPV patients with ischemic diabetic retinopathy also
supports this [33].

Hypermethylation of the CRYAA promoter, and conse-
quently decreased expression of ocA-crystallin, might be an-
other reason for the pathogenesis of the post-PPV cataract.
Alpha-crystallin is the most important structural protein of
the human lens, acting as a chaperone under conditions of
oxidative stress and maintaining the transparency of the lens
[11, 34-36]. Previous studies have shown that x-crystallin
plays an essential role in protecting the lens against oxidative
stress to delay the onset of cataract [37-39]. In this study,
however, we observed a significant decrease in xA-
crystallin expression in those post-PPV patients owing to the
hypermethylation of its promoter compared with the control
group. Hence, without protection of «A-crystallin, proteins in
the hLECs, especially those antioxidative enzymes including
glutathione peroxidase and superoxide dismutase, will under-
go denaturation and aggregation under enhanced oxidative
stress after PPV. Consequently, decreased activity of antioxi-
dants and oxidation defense enzymes to maintain crystallins,
is likely to leave the lens unprotected against oxidative stress,
increasing the risk of cataract formation.

Epigenetic regulation of gene expression was recently
shown to be associated with many eye diseases, such as age-
related macular degeneration [40], glaucoma [41], and retino-
blastoma [42]. Additionally, we reported that hypermethyla-
tion of CpG islands in the CRYAA promoter downregulates
«A-crystallin expression either in age-related cataracts or high
myopic cataracts [8, 14]. Our current study shows that hyper-
methylation of the six selected CpG islands in the CRYAA
promoter may be also involved in nuclear cataract formation
after PPV. The transcription of CRYAA gene is downregulat-
ed by hypermethylation of the promoter, followed by a
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decrease of mRNA and protein expression of CRYAA in
hLECs of anterior capsular membranes (Figs. 3 and 4).

In conclusion, we observed an accelerated cataract forma-
tion and progression after PPV, and hypermethylation of CpG
islands of the CRYAA gene might be involved in the forma-
tion of nuclear cataracts after PPV.
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