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Abstract

Aims To detect the presence of lens epithelial

cells in the anterior chamber of the eye at the

end of phacoemulsification.

Methods A prospective observational study

was carried out on 50 patients undergoing

phacoemulsification. Fluid from the anterior

chamber was collected from these patients at

the end of phacoemulsification. Thirty

samples were processed for detection of

viability using calcein AM–propidium iodide.

Remaining samples were processed

for immunofluorescence detection of

aA-crystallin and vimentin. The

nonparametric Mann–Whitney U test was

applied.

Results The presence of lens epithelial cells

was confirmed in 27 of the first 30 samples.

The total number of cells observed in these

27 samples were 64.70 ± 58.49. Within

these 27 samples, 35.5% were live cells and

64.5% were dead. The cells were present as

single cell or in groups. Twenty three

percentage samples were also positive for

nucleated lens fibres. In the remaining 20

samples, 89% cells were confirmed to be lens

epithelial cells.

Conclusions We show for the first time,

the presence of cells in the fluid of the

anterior chamber at the end of

phacoemulsification. The cells were positive

for aA-crystallin and vimentin, thereby

suggesting that they were lens epithelial

cells.
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Introduction

Posterior capsule opacification (PCO) is a

frequently encountered complication of all

cataract surgeries and has important medical,

social, and economic implications.1,2 It occurs

due to proliferation and differentiation of

residual lens epithelial cells (LECs) in the

posterior lens capsule.2 Besides PCO, this

phenomenon is also involved in the

pathogenesis of anterior capsular opacification

(ACO).3 In our previous randomized

experimental study on human cadaver eyes, we

found that corticocleaving hydrodissection

combined with rotation removed significant

quantities of LECs.4 Although a few LECs are

believed to remain in the anterior chamber even

after the completion of cataract surgery, we have

not come across any reports documenting this.

A pilot study was conducted on 10

consecutive eyes undergoing

phacoemulsification with fluid being collected

at the end of the surgery. In seven of the 10 eyes,

the presence of a few cells in the anterior

chamber at the end of the cataract surgery was

documented. On the basis of this observation,

we hypothesize that some LECs, which get

detached from the capsular bag may remain in

the anterior chamber even after it is thoroughly

cleaned-up. To substantiate further, we

designed a prospective observational study to

detect LECs in the anterior chamber at the end

of phacoemulsification.

Materials and methods

Patients’ inclusion

This prospective observational study comprised

50 consecutive patients with uncomplicated

age-related cataract who had undergone
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phacoemulsification at our centre from March to July

2006. Patients older than 45 years, pupils dilating more

than 7 mm, and otherwise normal eyes were included in

the study. Exclusion criteria were glaucoma, shallow

anterior chamber, uveitis, high myopia (axial length

427.0 mm), pseudoexfoliation, traumatic cataracts,

subluxated cataracts, previous ocular surgeries, and

patients allergic to dilating drops.

Surgical intervention

An experienced surgeon (ARV) performed all the

surgeries using a standardized technique and topical

anaesthesia. Two 1.0 mm paracenteses were made in the

clear cornea. A soft shell technique using a small amount

of 3% sodium hyaluronate and 4% chondroitin sulphate

(Viscoat, Alcon Laboratories, Fort Worth, Texas, USA)

was injected and the anterior chamber was filled with a

high molecular weight ophthalmic viscosurgical device

(sodium hyaluronate 1.0% (Provisc, Alcon Laboratories).

This pushed the Viscoat towards the cornea so that it

coated the endothelium.5 A 2.2 mm temporal clear

corneal tunnel was made. Subsequently, a 5.0 mm

capsulorhexis was created. A thorough, copious, gentle

hydrodissection preceded rotation of the nucleus.

Phacoemulsification was performed with the Infiniti

phacoemulsification (Alcon Laboratories) using

standardized surgical techniques described elsewhere.6,7

This was followed by bimanual irrigation aspiration to

ensure thorough and complete cortex removal. An

AcrySof IOL (SN60AT, Alcon Laboratories) was

implanted in the capsular bag. The irrigation fluid used

during phacoemulsification was BSS plus (Alcon

Laboratories). Bimanual irrigation and aspiration were

used to thoroughly remove the residual viscoelastic

substance and the IOL surface was tapped to remove the

viscoelastic substance trapped under it. No further

attempt was made to aspirate residual viscoelastic

substance from behind the IOL optic.

Study design

The study was performed on a fluid collected from the

anterior chamber after cataract surgery. A 26-gauge

cannula mounted on a tubercular syringe was used to

aspirate fluid from the anterior chamber. The fluid was

immediately transferred to a microcentrifuge tube. The

study was undertaken in two phases. The first phase

included detecting the presence of cells in the anterior

chamber at the end of phacoemulsification and the

second involved in proving that these cells were LECs.

Of the 50 samples, the first 30 were subjected to 1mM

calcein AM and 0.5 mm propidium iodide (PI) to detect

the presence of live cells. The remaining 20 samples were

processed for immunofluorescence detection of aA-

crystallin (n¼ 10) and vimentin (n¼ 10) to prove that the

observed cells were LECs.

Viability assay

Of the 50 samples collected, the first 30 were subjected to

a viability assay within 5 min of collection.8,9 Calcein AM

(Fluka, Buchs, Switzerland) and PI (Molecular Probes,

Eugene, OR, USA) stocks were added to the fluid to

achieve a final concentration of 1mM calcein AM and

0.5 mM PI, respectively. The fluid was allowed to stand for

15 min at 371C. It was then transferred to a clean glass

slide, covered with a 20� 10 mm cover slip, and viewed

under an epifluorescence microscope (Axioskope II, Carl

Zeiss, Germany). The entire cover slip area was scanned

under phase-contrast using a 10X microscope objective.

The cellular structures detected under the phase-contrast

were further viewed under fluorescence light. Calcein

(green)-positive live cells, and PI (red)-positive dead cells

were observed using fluorescein and rhodamine filter

sets, respectively.

Immunofluorescence detection of aA-crystallin and

vimentin

Of the 50 samples, the remaining 20 were analysed

separately for the immunofluorescence detection of aA-

crystallin and vimentin. The fluid collected at the end of

surgery was placed in a microcentrifuge tube and

centrifuged at 1000 r.p.m for 10 min. The supernatant was

removed and pellets containing cells were resuspended

either in 50 ml methanol precooled at �261C for the

detection of aA-crystallin or in 2% paraformaldehyde in

phosphate-buffered saline (PBS) for the detection of

vimentin. These fixed cells were transferred to a glass

slide and allowed to dry. After they were dry, they were

washed with PBS for 6 min and incubated in 1% BSA in

PBS for 10 min. To detect the presence of aA-crystallin,

methanol fixed cells were incubated with 1:200 diluted

anti aA-crystallin antibody (Santa Cruz, CA, USA) in

PBS for 1 h at 371C, washed in PBST (PBS containing

0.1% Tween 20), and incubated with 1:200 antirabbit

antibody tagged with alexa fluor 546 (Molecular Probes,

Eugene, OR, USA) in PBS. To detect the presence of

vimentin paraformaldehyde, fixed cells were incubated

with 1:100 diluted mouse antivimentin antibody

(Sigma, St Louis, MO, USA) in PBS, washed with

PBST, and incubated with 1:200 diluted alexa fluor 488

tagged antimouse antibody (Molecular Probes, Eugene,

OR, USA) in PBS. After this labelling, both the samples

were washed with PBST and the nuclei were

counterstained with 300 nm DAPI (Sigma, St Louis, MO,

USA) in PBS for 3 min. These samples were mounted on
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a slide in 90% glycerol with PBS containing 2.5%

DABCO (1,4-diazabicyclo[2,2,2] octane) and observed

under an epifluorescence microscope (Axioskope II, Carl

Zeiss, Germany). DAPI-stained nuclei were obtained

using a UV filter set; alexa fluor 546-labelled aA-

crystallin was observed using a rhodamine filter; and

alexa flour 488-labelled vimentin was observed using

fluorescein filter sets. Ten random regions from each

sample were selected and the total number of

positive cells for aA-crystallin or vimentin was

counted.

Statement of ethics

We certify that all associated institutional and

governmental regulations concerning the ethical use of

human volunteers were followed in this research.

Results

Of the first 30 samples subjected to assessment for

viability, the presence of cells was confirmed in 27 (90%)

samples. The cells were present individually or in groups

Figure 1 Cells and lens fibres obtained from the anterior chamber at the end of phacoemulsification. The panels on the left show the
phase-contrast image whereas the panels on the right show a combined image for calcein-positive live cells (green) and propidium
iodide-positive dead cells (red). The cells were present as individual live cells (a and b), individual dead cells (c and d), and a group of
live and dead cells (e and f). Nucleated fibre cells were also detected in some samples (g and h) (bar¼ 10mm).
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and were either live or dead (Figure 1). The result of the

viability assay is given in Table 1, whereas the percentage

occurrence of live–dead and individual–group of cells is

shown as a bar graph in Figure 2. The average number of

cells was 64.7±58.49 (95% CI: 42.86–86.54). When these

27 samples were subjected to the viability assay,

22.97±18.70 (95% CI: 15.98–29.95) cells were found live

(35.5%) and 41.73±43.19 (95% CI: 25.61–57.86) cells were

dead (64.5%). Of the live cells observed, 7.37±6.02 cells

were seen as single (95% CI: 5.12–9.62), whereas

15.60±16.48 (95% CI: 9.44–21.76) cells were observed in

groups. Similarly, of the total dead cells observed,

16.87±21.97 cells (95% CI: 8.66–25.07) were seen as

single, whereas 24.87±35.60 cells were found in groups.

There were more dead cells documented than total live

cells and this attained statistical significance (Po0.0006).

Besides cells, seven (23.33%) samples showed the

presence of nucleated fibre cells (Figure 2g and h). We

could not detect viability in these fibre cells.

The remaining 20 samples were observed for the

detection of LECs by using aA-crystallin and vimentin.

A total of 89.12±10.50 (95% CI: 84.20–94.0) cells were

confirmed to be LECs in these 20 samples. In 10 samples,

87.75±13.46 (95% CI: 78.11–97.38) cells had aA-crystallin,

whereas 90.49±6.87 (95% CI: 85.57–95.41) cells were

confirmed with vimentin (Table 2). Both aA-crystallin

and vimentin were located in the cytoplasm. aA-

crystallin appeared diffused, whereas vimentin was in

the form of a fibrous network. All the cells had a round to

oval nuclei at the centre (Figure 3).

Discussion

The human lens epithelium possesses cells in the central,

pre-equatorial, and equatorial zones. The cells of the

central zone are mitotically quiescent but the cells of the

pre-equatorial zone are mitotically active. The cells of the

pre-equatorial zone proliferate and migrate to the

Table 2 Presence of aA-crystallin and vimentin in the cells
obtained from the fluid of the anterior chamber after phaco-
emulsification

Marker protein Mean Median 95% CI

Lower bound Upper bound

aA-crystallin 87.75±13.46 87.98 78.11 97.38
Vimentin 90.49±6.87 89.47 85.57 95.41
Total 89.12±10.50 87.98 84.20 94.04

Table 1 Viability of individual and groups of cells obtained
from the fluid of anterior chamber after phacoemulsification

Cells Viability Mean Median 95% CI

Lower
bound

Upper
bound

Individual Live 7.37±6.02 6.50 5.12 9.62
Dead 16.87±21.97 10.00 8.66 14.08
Total 24.23±27.18 15.50 14.08 34.39

Group Live 15.60±16.48 10.50 9.44 21.76
Dead 24.87±35.60 10.00 11.57 38.16
Total 40.47±49.01 24.50 22.16 58.77

Figure 2 Percentage occurrence of live and dead cells in the
fluid obtained from the anterior chamber at the end of
phacoemulsification. Of the cells, 37.45% were present indivi-
dually whereas 62.55% were present in groups. Of them, 35.5%
cells were live (11.4% individual and 24.11% in group) whereas
64.5% cells were dead (26.07% individual and 38.44% in group).

Figure 3 Immunofluorescence localization of aA-crystallin and
vimentin in the cells obtained from the anterior chamber at the
end of phacoemulsification. Panels on the left show the phase-
contrast image. Cells were positive to aA-crystallin (top left,
arrow) and vimentin (bottom left, arrow). Counterstaining of the
nucleus was done by DAPI (arrow head) (bar¼ 10mm).
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equatorial zone where they undergo terminal

differentiation to form fibre cells.10–12 Besides this normal

differentiation, the LECs also have the ability to undergo

epithelial mesenchymal transdifferentiation to form

myofibroblast-like cells in response to any mechanical or

physiological stress. This abnormal differentiation of

LECs is involved in the pathogenesis of plaque in the

intact lens and in the development of PCO and ACO

after the removal of cataract.2,4,13,14

We believe that the observed cells in this study could

have been detached from any of the three zones of the

lens epithelium. In our previous experimental study on

human cadaver eyes, we observed that hydrodissection

followed by rotation of the nucleus effectively scraped

the LECs from the lens capsule.4 In the present study, it

was interesting to observe the presence of live cells and

nucleated fibres even after a thorough clean-up of the

anterior chamber. We believe that hydrodissection

combined with rotation of the nucleus causes friction

between the cataract and LECs, leading to the removal of

the LECs. Apart from hydrodissection and rotation, the

phaco technique can also create turbulence in the anterior

chamber during lens removal, and thereby detaching the

LECs. The presence of aA-crystallin and vimentin

confirmed that these cells were LECs. aA-crystallin is a

water-soluble chaperon protein of the undifferentiated

LECs.15,16 Vimentin is an intermediate filament

cytoskeleton protein of the LECs.17 Both aA-crystallin

and vimentin were earlier used as marker proteins for

the LECs.18

We speculate that live LECs remaining in the anterior

chamber at the end of phacoemulsification could adhere

to the posterior capsule and contribute to the

development of PCO. This hypothesis has been

illustrated in Figure 4. The LECs are shown to possess

various adhesion molecules that help in their attachment

to the lens capsule.19–21 Various substances like growth

factors, fibronectin, and so on are released into the

aqueous humour after the surgery due to the breakdown

of blood aqueous humour, which facilitates the

proliferation and differentiation of the adhered LECs.22–24

It would be worthwhile to further investigate the role of

these live LECs in the incidence and severity of PCO. Our

study may have clinical relevance in the context of both

ACO and PCO.

In the past, various speculations have been made about

the presence of LECs in the anterior chamber following

phacoemulsification. However, to our knowledge, no

study has been conducted to confirm this hypothesis.

This is the first study documenting the presence of LECs

in the anterior chamber after phacoemulsification. In

conclusion, our study confirmed the presence of LECs in

the fluid of the anterior chamber at the end of

phacoemulsification.
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