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 Background: The aim of this study was to determine the expression of apoptotic factors Bax, Bcl-2, and Caspase-3 in lens 
epithelial cells (LECs) from cataracts secondary to pars plana vitrectomy with silicone oil (SO) tamponade. We 
also investigated the impact of SO emulsification on the expression of apoptotic factors.

 Material/Methods: Anterior capsulotomy specimens of 20 eyes in 20 patients with cataract secondary to SO tamponade (Group 2), 
were collected. Another 20 eyes of 20 patients with age-related cataract (Group 1) were recruited as controls. 
The anterior capsule specimens were obtained from the patients during cataract surgery, frozen and later an-
alyzed with respect to immunohistochemical stains of Bax, Bcl-2, and Caspase-3 using a confocal microscope.

 Results: Age, sex, and laterality did not show any difference between the 2 groups. There was a greater increase in Bax 
and Caspase-3 expression in LEC in Group 2 than in Group 1 (PBax<0.0001, PCaspase-3<0.0001). The Bcl-2 expres-
sion decreased in Group 2, although the difference was not significant (P=0.616). The changes of apoptosis 
factors are not associated to SO emulsification (PBax=0.354, PBcl-2=0.728, PCaspase-3=0.939).

 Conclusions: The caspase-3-dependent apoptosis of LECs increased in complicated cataract patients with SO endotampon-
ade. The Bax played a critical role in regulating apoptosis of LECs in vitrectomized eyes with SO tamponade. 
The SO emulsification had no significant impact on the expression of apoptosis factors.
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Background

Vitrectomy, which is the surgical removal of vitreous, has be-
come a standard treatment for various vitreoretinal diseases. 
Vitrectomy surgery can significantly increase intraocular ox-
ygen tension, and the abnormal exposure of the crystalline 
lens to high oxygen levels may lead to nuclear cataract for-
mation [1]. Silicone oil (SO) is frequently used in vitrectomy. 
Vitrectomy with SO tamponade can produce a transient pos-
terior subcapsular cataract postoperatively, which is resolved 
and followed by accelerated nuclear opacification [2]. Both di-
rect contact by SO [3] and obstruction of normal metabolic ex-
change at the silicone-lens interface [4] can result in cataract 
formation. Accordingly, the cataract is one of the most com-
mon complications of pars plana vitrectomy with SO endot-
amponade, which is mainly caused by oxidative stress [3]. The 
occurrence or progression of a cataract can deteriorate visu-
al acuity again after vitreoretinal surgery for phakic eyes and 
the incidence is about 60–98% within 2 years [5,6].

Lens epithelial cells (LECs) are the most active parts of the 
lens metabolism and their apoptosis is a common cellular 
basis for noncongenital cataract development in human and 
animals [7,8]. The relationship between oxidative stress and 
apoptosis has been widely studied [9,10]. Oxidative stress in-
duced by H2O2 can cause cell viability decrease and apopto-
sis in human LECs [11]. Currently, there is no clear evidence 
of cataractogenesis after vitrectomy with SO endotamponade.

The aim of our study was to investigate the expression of apop-
totic factors (Bax, Bcl-2, and Caspase-3) and to determine the 
effect of SO emulsification on them in the LECs of vitrecto-
mized eyes with SO tamponade.

Material and Methods

A prospective study of patients who visited our medical cen-
ter for phacoemulsification combined with SO removal from 
January to July 2013 was conducted. Twenty consecutive pa-
tients were included. Previous vitreoretinal surgery with SO 
instillation was performed for the rhegmatogenous retinal de-
tachment (RRD) with proliferative vitreoretinopathy. Patients 
who had uveitis or intraocular hypertension after vitreoretinal 
surgery or who had coexisting ocular diseases were excluded 
from this study. A control group comprised 20 consecutive cas-
es of age-related cataract (ARC) without history of systemic or 
other ocular diseases. The cataract grade was 2 to 3 according 
to LOCS III classification [12]. Demographic and clinical char-
acteristics were collected from all case records.

In RRD cases, the patients underwent vitreoretinal surgery with 
23-gauge standard sclerotomies, followed by injections with 
silicone oil (Oxane 5700; Bausch & Lomb, Rochester, NY, USA).

SO tamponade was performed to ensure intraocular pressure 
of about 20 mmHg when the procedure was finished, which 
ranged from 4 ml to 5 ml. SO removal and cataract extraction 
by phacoemulsification with intraocular lens implantation were 
accomplished in the same operation. Visible particles of SO 
observed via gonioscopy and slit-lamp biomicroscopy were 
regarded as SO emulsification. In ARC cases, the patients un-
derwent cataract extraction and intraocular lens implantation. 
All the surgeries were uneventful and were performed by the 
same surgeon (DH Lou).

The anterior capsule epithelium specimens were obtained, 
immediately fixed in 4% paraformaldehyde (PFA), and stored 
at 4°C in a refrigerator. The PFA-fixed anterior capsules were 
washed with 0.1% Tween and phosphate-buffered saline (PBS) 
for 5 min 4 times. They were transfected with 0.5% TritonX100, 
followed by washing again with 0.1% Tween 20 and PBS. After 
that, they were blocked with Block Solution (PBS, 10% serum) 
for 25 min. Each anterior capsular was split into 2 pieces. One 
piece was incubated overnight with the primary antibodies 
(Bax and Bcl-2, Abcam) (1:100 dilution) and the other piece 
was incubated overnight with the primary antibody (Caspase-3, 
Abcam) (1:100 dilution) at 4°C. The capsules were incubated 
with their appropriate secondary antibody (Abcam) (1:100 di-
lution) at room temperature for 1.5 h. After they were washed 
with 0.1% Tween 20 and PBS for 15 min, they were stained 
with Hoechst33342 (Life technologies Corp.) to allow visualiza-
tion of the nuclei. The capsules were mounted on glass slides 
and analyzed with a confocal microscope (Nikon A1).

The number of immunopositive cells was counted in 4 repre-
sentative fields. An eyepiece-calibrated grid with ×10 magnifi-
cation and an objective calibrated grid with ×60 magnification 
were used. At this magnification, the total number of cells in 1 
microscopic field was counted and the percentage of positively 
stained cells was determined (positive cells/total cells ×100%). 
The average of the 4 fields was calculated for Bax, Bcl-2, and 
Caspase-3, and then analyzed for scoring. The scoring system 
was based on a scale of 0 to 4+ as follows [13]: 4+=very high 
(75% to 100% positive cells); 3+=high (50% to 75% positive 
cells); 2+=moderate (25% to 50% positive cells); 1+=low (<25% 
positive cells); 0=negative (0 positive cells).

All analyses were performed using the Statistical Package for 
Social Sciences (SPSS) for windows, Version 19.0. The Pearson’s 
chi-squared test, Mann-Whitney U test, and independent-sam-
ples t test were used for statistical analysis. A P value of less 
than 0.05 was considered statistically significant. This study was 
approved by the hospital Ethics Committee and conducted in 
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accordance with the Declaration of Helsinki. Written informed 
consent was obtained from all patients. No patient informa-
tion was extracted except for research purposes.

Results

There were 13 females (65%) and 7 males (35%) whose aver-
age age was 61.60±6.81 (SD) years (range, 50 to 78 years) in 
the cataract secondary to SO tamponade group. The left eye 
was affected in 13 cases and the right eye was affected in 7 
cases. The duration of SO endotamponade ranged from 12 
to 52 weeks (22.95±8.90 weeks). The ARC group consisted of 
11 females (55%) and 9 males (45%) whose aver age age was 
65.15±6.64 (SD) years (range, 56 to 76 years). The left eye was 
affected in 9 cases and the right eye was affected in 11 cases. 
There was no significant difference in age, sex and laterality 
between the 2 studied groups (P>.05) (Table 1).

Figures 1 and 2 show confocal immunofluorescent images of 
stained Bax and Bcl-2 in LECs of the 2 groups. Bax was weak-
ly stained (1+) in the ARC group and strongly stained (3+) in 
the cataract with SO endotamponade group. Bcl-2 was weak-
ly stained (1+) in both groups. Figures 3 and 4 show confocal 
immunofluorescent images of stained Caspase-3 in LECs of 
the 2 groups. Caspase-3 was weakly stained (1+) in the ARC 
group and strongly stained (3+) in the cataract with SO en-
dotamponade group.

Table 2 shows the immunohistochemical scoring of Bax, Bcl-2, 
and Caspase-3 in the ARC group and the cataract with SO en-
dotamponade group (Bax, 0: 0 vs. 0, 1+: 9 vs. 0, 2+: 10 vs. 5, 
3+: 1 vs. 10, 4+: 0 vs. 5; Bcl-2, 0: 0 vs. 2, 1+: 17 vs. 17, 2+: 3 vs. 
1, 3+: 0 vs. 0, 4+: 0 vs. 0; Caspase-3, 0: 0 vs. 0, 1+: 13 vs. 0, 2+: 
7 vs. 7, 3+: 0 vs. 9, 4+: 0 vs. 4). As compared to ARC, there was 
a statistically significant increase of Bax and Caspase-3 expres-
sion in the cataract with SO endotamponade group (PBax<0.001; 
PCaspase-3<0.001) (Table 3). There was no significant difference 
of Bcl-2 expression between the 2 groups (P>.05) (Table 3).

To further clarify the effect of clinical characteristics on apopto-
sis factors in LECs, we analyzed the differences in Bax, Bcl-2, and 
Caspase-3 distribution between the patients with emulsified 
SO and those without emulsified SO (Table 4). Eight patients 

had intraocular SO emulsification in the cataract with SO en-
dotamponade group. The distribution of apoptotic factors was: 
Bax, 0: 0 vs. 0, 1+: 0 vs. 0, 2+: 4 vs. 1, 3+: 2 vs. 8, 4+: 2 vs. 3; 
Bcl-2, 0: 1 vs. 1, 1+: 7 vs. 10, 2+: 0 vs. 1, 3+: 0 vs. 0, 4+: 0 vs. 
0 and Caspase-3, 0: 0 vs. 0, 1+: 0 vs. 0, 2+: 3 vs. 4, 3+: 4 vs. 5, 
4+: 1 vs. 3. However, no significant difference in the expres-
sion of the 3 apoptosis factors (Bax, Bcl-2, and Caspase-3) was 
found between patients with emulsified SO and those with-
out emulsified SO (P>.05) (Table 5).

Discussion

The complicated cataract is the most common complication 
after vitrectomy, especially with intraocular tamponades. This 
kind of cataract not only leads to decreased vision, but also 
impairs the fundus observation. Injecting silicone oil into the 
human eye is likely to cause cataract formation [14]. It was 
reported that cataracts developed in all phakic eyes with sil-
icone oil tamponade after vitrectomy within 6 months [15].

LEC apoptosis, which is a common cellular basis for noncon-
genital cataract development [7], can be induced by many fac-
tors, such as oxidative stress and hyperglycemia [16–19]. The 
increased apoptosis of hLECs and intracellular reactive oxygen 
species (ROS) were observed when the hLECs were incubated 
with high galactose [20]. Boyun Kim et al. [21] reported that 
the mean percentage of Bax-immunopositive cells was signif-
icantly higher in patients with DM than in those without DM, 
indicating that the apoptosis of LECs was higher in cataract 
patients with DM.

Vitrectomy surgery can markedly increase intraocular oxygen 
tension for prolonged periods after surgery, and this exposes 
the crystalline lens to abnormally high oxygen [22]. Studies 
have found that the oxidation of lens protein during vitrecto-
my was one of the reasons for nuclear cataract after vitrec-
tomy [23], whereas adding antioxidants into the perfusion 
fluid during vitrectomy could inhibit the abnormal lens epi-
thelial cell growth and lens fiber formation and thus prevent 
the cataractogenesis [24]. Our study shows that the expres-
sion of Bax and caspase-3 is significantly higher in cataracts 
secondary to SO tamponade than in age-related cataracts. To 
the best of our knowledge, this is the first study to describe 

Variables Group 1 Group 2 P value

Age (mean years ±SD) 65.15±6.64 61.60±6.81 0.112

Gender (M/F) 9/11 7/13 0.519

Laterality (R/L) 7/13 11/9 0.204

Table 1. Characteristics of the patients in this study.

Group 1 – age-related cataract; Group 2 – cataract with SO endotamponade; SO – silicone oil.
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the Bax/Bcl-2 and caspase-3 distribution of in vivo hLECs in 
vitrectomized eyes with SO tamponade.

The Bcl-2 family comprises antiapoptotic proteins (e.g., Bcl-2, 
Bcl-XL, and Mcl-1) and proapoptotic proteins (e.g., Bax, Bak, and 
Bad) [25]. Bax/Bcl-2 are 2 important pro- and anti-apoptotic 
proteins that influence cell fate. Overexpressed Bax counters 
the death repressor activity of Bcl-2 and accelerates apoptot-
ic death induced by cytokine deprivation [26]. During apop-
tosis, Bax is activated and translocated from the cytosol into 
mitochondria, which can be better inhibited by R21A [27]. Our 

study demonstrated that the expression of Bax increased sig-
nificantly in complicated cataracts secondary to SO tampon-
ade. Hence, inhibition of Bax overexpression might be used 
to prevent this type of cataract formation.

Caspases are important signs of apoptosis and caspase-3 is a 
major downstream effector caspase in the apoptotic process 
of LECs [28,29]. Andersson et al. [29] proposed that posteri-
or subcapsular cataracts result from defective differentiation, 
in which caspase-3-dependent apoptosis may play an impor-
tant role. In our studies, the protein levels of caspase-3 were 

A

C

B

D

Figure 1.  Confocal immunofluorescent image of LECs in Group 1 (age-related cataract group). (A) Blue nuclei visualized using Hoechst 
stain. (B) Bax is weakly stained (1+) (green). (C) Bcl-2 is weakly stained (1+) (red). (D) Merged image shows weak (1+) Bax 
and Bcl-2 expression (original magnification ×600).
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elevated after vitrectomy with silicone oil tamponade, sug-
gesting that caspase-3 is involved in apoptosis of LECs after 
par plana vitrectomy.

Emulsification is a clinically significant complication of using 
SO tamponade [30].To the best of our knowledge, there have 
been no studies on the effect of SO emulsification on compli-
cated cataracts; therefore, we cannot ascertain whether com-
plicated cataracts are related to SO emulsification in vitrec-
tomized eyes or to SO tamponade. One study revealed that 

emulsified silicone may potentially enhance opacification of 
residual anterior capsule following pars plana vitrectomy by 
silicone oil deposition and subsequent activation of LECs [31]. 
However, the present study is the first to show no significant 
difference in the expression of 3 apoptosis factors (Bax, Bcl-2, 
and Caspase-3) between patients with emulsified SO and those 
without emulsified SO.

Although we found no difference in apoptosis factors expres-
sion in LECs between the 2 groups, several known complications 

Figure 2.  Confocal immunofluorescent image of LECs in Group 2 (cataract with SO endotamponade group). (A) Blue nuclei visualized 
using Hoechst stain. (B) Bax is strongly stained (3+) (green). (C) Bcl-2 is weakly stained (1+) (red). (D) Merged image shows 
strong (3+) Bax and weak (1+) Bcl-2 expression (original magnification ×600).

C D

A B

792
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Zhu L. et al.: 
Apoptosis factors in lens epithelial cells with silicone oil injection

© Med Sci Monit, 2016; 22: 788-796

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

LAB/IN VITRO RESEARCH



of emulsified SO, such as keratopathy [32], glaucoma [33] and 
retina toxicity [34], have been reported. According to the liter-
ature [35], the duration of SO tamponade remains the most 
significant risk factor for SO emulsification. The mean silicone 
oil removal time in our cases (22.95±8.90 weeks) was longer 
than that of a previous study (4.4±1.1 months) [36]. Three pa-
tients lost to follow-up with longer duration (52, 35, and 30 
weeks) prolonged SO removal time in our cases. Follow-up vis-
its and timely treatment were hampered by poverty and lack of 
health awareness in these 3 patients, who were all low-income 
people. More extensive education for patients who undergo 

vitreoretinal surgery with SO tamponade is necessary, espe-
cially in developing countries.

Our results may have been affected by the fact that this was a 
non-randomized, small case series in patients with advanced 
age. Tang et al. [37] found that activation of the unfolded pro-
tein response-induced ROS production suppressed the antiox-
idant status and triggered the apoptotic pathway, ultimately 
leading to the formation of age-related cataracts. We found 
that Bcl-2 was expressed weakly in all these cataract cases. It 
is possible that advanced age was a limitation of our study, but 

Figure 3.  Confocal immunofluorescent image of LECs in Group 1 (age-related cataract group). (A) Blue nuclei visualized using Hoechst 
stain. (B) Caspase-3 is weakly stained (1+) (green). (C) Merged image shows weak (1+) Caspase-3 expression (original 
magnification ×600).
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fortunately there was no significant difference in age between 
the 2 studied groups (P>.05). In our study, particles of silicone 
oil were observed via gonioscopy and slit-lamp biomicrosco-
py by the same ophthalmologist. The Coulter counter can de-
tect emulsified SO droplets below 2 μm size, which are diffi-
cult see in slit-lamp biomicroscopy [38]. And meanwhile, the 
study also found a correlation between the number of drop-
lets between 7 and 30 μm and the number of droplets less 
than 2 μm in diameter [38]. We speculate that the large visi-
ble droplets reflected the extent of SO emulsification. Hence, 

we believe that these limitations did not significantly affect 
the major findings of this study.

In summary, the expression of Bax and Caspase-3 was remark-
ably higher in cataracts secondary to SO tamponade vs. ARC. 
These results suggest that caspase-3 dependent apoptosis 
contributes to complicated cataracts with SO tamponade af-
ter vitrectomy, which is regulated by Bax/bal-2.

Figure 4.  Confocal immunofluorescent image of LECs in Group 2 (cataract with SO endotamponade group). (A) Blue nuclei visualized 
using Hoechst stain. (B) Caspase-3 is strongly stained (3+) (green). (C) Merged image shows strong (3+) Caspase-3 
expression (original magnification ×600).
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Score 0 1+ 2+ 3+ 4+

Bax
With emulsified SO(n) – – 4 2 2

Without emulsified SO (n) – – 1 8 3

Bcl-2
With emulsified SO(n) 1 7 – – –

Without emulsified SO (n) 1 10 1 – –

Caspase-3
With emulsified SO(n) – – 3 4 1

Without emulsified SO (n) – – 4 5 3

Table 4.  Emulsification of SO and immunohistochemical scoring for Bcl-2, Bax and Caspase-3 in LECs from patients with and 
without emulsified SO.

SO – silicone oil.

Score 0 1+ 2+ 3+ 4+

Bax
Group 1 (n) – 9 10 1 –

Group 2 (n) – – 5 10 5

Bcl-2
Group 1 (n) – 17 3 – –

Group 2 (n) 2 17 1 – –

Caspase-3
Group 1 (n) – 13 7 – –

Group 2 (n) – – 7 9 4

Table 2. Immunohistochemical scoring for the apoptotic factors Bax, Bcl-2 and Caspase-3 in LECs from two groups.

Group 1 – age-related cataract; Group 2 – cataract with SO endotamponade; SO – silicone oil.

Factor
Mean positive cells (%) ±SD

P Value
With emulsified SO Without emulsified SO

Bcl-2  11.25±9.19  9.25±7.20 0.728

Bax  58.88±22.35  66.25±12.37 0.354

Caspase-3  58.75±20.43  57.67±20.46 0.939

Table 5.  Immunohistochemical analysis for the apoptotic factors Bax, Bcl-2 and Caspase-3 in LECs from patients with and without 
emulsified SO.

SO – silicone oil.

Factor
Mean positive cells (%) ±SD

P Value
Group 1 Group 2

Bcl-2  11.80±9.17  10.05±7.88 0.616

Bax  25.35±11.91  63.30±16.92 <0.0001

Caspase-3  21.15±10.49  58.10±19.90 <0.0001

Table 3. Immunohistochemical analysis for the apoptotic factors Bax, Bcl-2 and Caspase-3 in LECs from two groups.

Group 1 – age-related cataract; Group 2 – cataract with SO endotamponade; SO – silicone oil.
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Conclusions

Although the exact pathogenesis in vitrectomized eyes with 
SO tamponade is unclear, our results raised the possibility 
that use of antioxidant would be beneficial for preventing cat-
aractogenesis. Further studies will be required to explore the 
abnormal signaling in LECs and to investigate the potential 

antiapoptotic targets for the development of complicated cat-
aracts in vitrectomized eye with SO tamponade.
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