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Abstract: Aim: Inter-individual differences in intrinsic proliferative capacity of lens epithelial cells may have importance
for the risk of developing posterior capsule opacification (PCO) after cataract surgery. The purpose of the present study
was to determine growth of human lens epithelial cells (HLEC) in culture and investigate possible associations with
clinical characteristics of the donors, such as age, sex, pseudoexfoliation, uveitis and diabetes.
Methods: Pieces of lens capsule and adhering lens epithelial cells were obtained through capsulorhexis at cataract surgery.
Specimens were cultured in a humidified CO2-incubator using standard culture medium and 5% fetal calf serum for two
weeks after which cultured cells were stained with carboxy-fluorescein diacetate succinimidyl ester. Image processing
software was used to determine the area of the confluent epithelial cell layer in relation to the size of the original capsule
specimen.
Results: The increase in area of confluent HLEC showed a negative correlation with diabetes at the first week after
surgery. Lower age and female sex showed border-line significant associations with a higher rate of cell proliferation. The
presence of pseudoexfoliation in vivo did not significantly affect cell growth in culture postoperatively. Nor did
installation of xylocain in the anterior chamber during surgery.
Conclusion: Diabetes is associated with lower rate of proliferation of lens epithelial cells in culture. The lack of strong
correlations between in vitro growth and known risk factors for PCO in the donors suggest that other factors than the
proliferative capacity of the cells per se are important for PCO formation.
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INTRODUCTION
Contrary to expectations, the incidence of capsulotomy
for posterior capsule opacification (PCO) has not declined as
predicted [1, 2]. Various methods to reduce the number of
lens epithelial cells, mechanically or pharmacologically,
have been investigated [1, 3, 4]. The majority of these
preventive methods have not, to date, come into clinical
practice. A few studies do indicate that a smaller
capsulorhexis size or a close contact between the anterior
rhexis and the intraocular lens (IOL) may be beneficial [5-7].
In addition, two studies demonstrate lower PCO scores after
treatment with immunotoxin MDX-A [8, 9]. However, most
successful PCO prevention has been achieved thanks to
appropriate design of the IOL, i.e. a sharp IOL optic edge
[10]. Although the use of sharp-edged IOLs initially
appeared to reduce the prevalence of PCO, recent reports
have shown that the need for neodymium:YAG (Nd:YAG)
laser capsulotomy is not as low as expected, but instead
postponed, and other means than the IOL design have to be
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considered to prevent PCO [11-13]. Extended knowledge
about patient-associated risk factors could lead to ways of
developing new preventive strategies.
Suggested risk factors for PCO are age [14-17], female
sex [16, 18, 19], pseudoexfoliation [20, 21], diabetes
mellitus [22-25], uveitis [26-29], retinitis pigmentosa [18]
and myopia [30, 31]. The present study was designed to
study human lens epithelial cells (HLEC) from cataract
patients in culture and investigate if cell growth was
associated with suggested risk factors for PCO.
METHODS
Human lens capsule epithelium specimens, i.e. the 5 mm
in diameter central part of the anterior lens capsule together
with the adhering single layer of cuboidal epithelial cells,
were obtained from lenses during cataract surgery at the Eye
Clinic, Sahlgrenska University Hospital, Mölndal after
informed consent from the patients. The study was approved
by The Regional Ethics Committee in Gothenburg, Västra
Götaland County, Sweden, and the tenets of the Declaration
of Helsinki were followed. The human lens epithelium
specimens, approximately 5 mm in diameter, were placed in
Eppendorf tubes containing standard culture medium
(RPMI-1640) supplemented with 10% fetal calf serum
(FCS), 100 U ml-1 penicillin, 0.1 mg ml-1 streptomycin and
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2 mM L-glutamine immediately after surgery. The lens
epithelium specimens were stored in room temperature for
up to 24 hours, after which they were transferred from the
Eppendorf tubes to 24-well culture dishes (TPP,
Switzerland) containing new cell culture medium, same as
above but freshly prepared with 5% FCS. We have
previously seen that a concentration of FCS of 10% is
beneficial when collecting the samples, whereas 5% FCS is
enough when culturing the specimens. The capsules were
allowed to settle freely at the bottom of the culture well,
without any measures to ensure that they would be
positioned face up or down, since previous work in our
laboratory has shown that this type of manipulation causes
extensive damage to the specimens. Also, even if the
position of the capsules, face up or down, should have any
effect on cell growth this would affect specimens derived
from all groups and hence not influence the outcome of the
study. The culture dishes were subsequently put into a
humidified CO2-incubator at 37 °C to allow the capsules to
attach to the bottom of the culture wells.

Nikon D-Eclipse C1 camera and EZ-C1 3.30 Gold as
imaging software. Fig. (1) shows an example of a
capsulorhexis specimen after staining with CFDA SE after 1
and 2 weeks of culture respectively.

After one week, cultured cells were incubated with
carboxy-fluorescein diacetate succinimidyl ester (CFDA SE)
for 15 minutes at room temperature. CFDA SE (Vybrant
CFDA SE, Invitrogen, Eugene, OR, USA) is a fluorogenic
compound that, upon entering metabolically active cells,
makes them fluorescent (excitation 492 nm, emission 517
nm). Being non-toxic to the cells, CFDA SE does not affect
further growth of the cells, enabling continuous monitoring
of proliferation. One week after the first staining procedure,
however, the fluorescence had faded and cells were again
incubated with CFDA SE. Prior to staining, a stock solution
of 10 mM CFDA SE was prepared in dimethyl sulfoxide
(DMSO). This stock solution was then further diluted to
10 µM in preheated phosphate buffered saline (PBS). After
15 minutes the CFDA SE solution was replaced by freshly
prepared cell culture medium with 5% FCS and lens capsule
epithelium specimens were viewed and photographed in a
confocal microscope (Nikon Eclipse TE300 C1) using a

RESULTS

A

The area of the fluorescent lens capsule epithelium
specimens was determined after one and two weeks of
culture using image processing software (ImageJ, National
Institutes of Health, USA). The total area of the confluent
lens epithelium layer, including the lens capsule, was related
to the area of the capsule alone. The increase in cell layer
surface was then compared with several clinical
characteristics of the cataract patients. Since the increase in
cell growth was not normally distributed, non-parametric
methods were used to test for statistically significant
associations, including Spearman’s rho correlation test and
Mann-Whitney U-test. After Bonferroni correction for
multiple comparisons (three different time points),
significance was set at P<0.017. SPSS 16.0 (SPSS Inc,
Chicago, Il) was used as statistic software.
Lens capsule epithelium specimens from 270 cataract
patients were monitored and the increase in area of confluent
cells was determined after one and two weeks respectively.
Fig. (1) shows an example of a capsulorhexis specimen after
staining with CFDA SE after 1 and 2 weeks of culture
respectively. Demographic and clinical characteristics of
these 270 cataract patients are given in Table 1. Mean age
was 73.5 years (range 32-97) and 63.3% were women.
Pseudoexfoliation was common (24.8%,) whereas only 6
patients (2.3%) had a history of uveitis. 32 patients (12.4%)
had diabetes mellitus, including both insulin-dependent and
non-insulin-dependent diabetes. In 44.4% of the cataract
patients, lidocaine 10 mg/ml was instilled in the anterior
chamber during surgery and in 7 cases (2.8%), trypan blue
ophthalmic solution (0.06% Vision Blue or 0.055% Mono
Blue) was used to stain the lens capsule during surgery.

B

Fig. (1). Human lens capsule epithelium specimens after 1 and 2 weeks of culturing respectively. Human lens capsule epithelium
specimens were obtained at cataract surgery. Figs. (1A, B) show the same specimen, derived from an 85-year-old woman, after 1 week (A)
and 2 weeks (B) respectively. The size of the capsule before outgrowth of epithelial cells was 5 mm. Lens epithelium cells were stained with
the non-toxic fluorogenic compound carboxy-fluorescein diacetate succinimidyl ester (CFDA SE) to facilitate monitoring of cell growth.
Original magnification x20 is shown.

Figure 1.

Lens Cell Growth and Risk Factors for PCO

Table 1.
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Demographic data on cataract patients.

Characteristic
Age (years), mean±SD

Number of Patients (%)†

21

quartile of the study population included cataract patients
between 32 and 67 years old.
Table 2.

Increase in area of confluent lens epithelial cells in
relation to clinical parameters.

73.5±11.2

Sex
Female

171 (63.3)

Male

99 (36.7)

Parameter

Cell Growth (% Increased Area of Confluent HLEC)†
1st week

2nd Week

Total Period

R=0.019

R=-0.137‡

R=-0.073

Female

69 (11-141)

80 (46-114)

231 (159-327)

Male

55 (20-110)

76 (52-113)

201 (140-276)§

Age

Pseudoexfoliation present (N=258)

Sex

Yes

64 (24.8)

No

194 (75.2)

History of uveitis (N=259)

Pseudoexfoliation present

Yes

6 (2.3)

No

253 (97.7)

Diabetes‡ (N=259)

Yes

56 (11-149)

69 (45-110)

203 (117-324)

No

64 (19-128)

80 (50-114)

218 (154-320)

Yes

89 (24-159)

126 (70-134)

238 (174-328)

No

64 (14-133)

79 (49-113)

215 (142-321)

Yes

29 (3-82)¶

90 (60-127)

180 (109-264)

No

69 (19-139)

78 (49-114)

219 (154-322)

Yes

62 (14-131)

86 (50-118)

217 (157-332)

No

64 (15-134)

75 (46-110)

211 (139-313)

History of uveitis

Yes

32 (12.4)

No

227 (87.6)

Xylocain in AC (N=259)

Diabetes

Yes

115 (44.4)

No

144 (55.6)

Trypan blue in AC (N=252)

Xylocain in AC

Yes

7 (2.8)

No

245 (97.2)

†

The total number of patients is 270. When data is missing N is given within
parentheses. Data is presented as number of patients and %, unless otherwise stated.
‡
Both patients with insulin-dependent and non-insulin-dependent diabetes were
included. AC=anterior chamber.

Cell growth is presented in Table 2. There was a borderline significant inverse correlation between the increase in
the area of confluent lens epithelial cells and the age of the
cataract patient after the second week of culture (p=0.035,
Spearman’s rho correlation test). The same negative trend
was seen when examining the whole culture period (the first
two weeks). Female sex showed a trend of higher rate of cell
growth at all studied time points, but this difference was not
significant after correction for multiple comparisons
(p=0.037, Mann-Whitney U-test for the whole culture
period). Lens epithelial cells from diabetic cataract patients
exhibited a lower rate of proliferation after the first week of
culture (p=0.005, Mann-Whitney U-test).
DISCUSSION
The demographics of the study population (i.e. age and
sex) appears to be representative of Swedish cataract patients
in general. Mean age (73.5 years) and the proportion of
women (63.3%) seen in this study are close to the mean age
(76.1 years) and sex distribution (66% women) reported
from the Swedish National Cataract Register [32].
Young age is uncontroversial as a risk factor for PCO as
shown by several authors [14-17]. This seems to be the case
regarding cell growth in the present study as well, although
the number of very young patients was small. The lowest

Trypan blue in AC
Yes

60 (1-69)

72 (25-97)

158 (27-232)

No

64 (17-134)

80 (50-116)

217 (151-322)

†

Cell growth was calculated as the increase in area of confluent HLEC the 1st week
(day 1-7) and the 2nd week (day 8-14) respectively, as related to the area of the lens
capsule. In addition, the increase in area of confluent HLEC after two weeks of cell
culture was determined in relation to the lens capsule (total period, day 1-14). Data are
presented as median with 25th and 75th percentiles, unless otherwise stated.
HLEC=human lens epithelial cells. R=correlation coefficient. After Bonferroni
correction for multiple comparisons (three different time points), significance was set
at P<0.017. ‡p=0.035, Spearman’s rho correlation test. §p=0.037, Mann-Whitney
U-test. ¶p=0.005, Mann-Whitney U-test. AC=anterior chamber.

Female sex showed a trend of higher rate of cell
proliferation in this study, although the association was not
significant after compensating for multiple comparisons.
This may be attributable to the limited number of patients,
since the power of the study with regard to sex was only
42%, based on a standardized difference of 0.2 (as calculated
from the study of Ninn-Pedersen and Bauer, 1997) or from
the association being weak. There are several studies
indicating female sex as a risk for PCO development [16, 18,
19], and they are supported by the present findings.
However, others have not shown this sex difference [12, 17,
20], indicating that the impact of sex, if any, is relatively
small. Although the mitogenic effect of estrogens on binding
to their receptors is well known, it is now also well
established that estrogens can exert pro-apoptotic effects. In
the anterior pituary gland, estrogens are responsible for
inducing both proliferation and cell death during the estrous
cycle by sensitizing the cells to pro-apoptotic as well as
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mitotic stimuli such as dopamine, TNF-alpha and FasL [33].
Estrogen receptors have been demonstrated in human lens
epithelium [34], but sex-specific differences in estrogen
receptor expression or sensitivity for exogenous estrogen in
lens cells have not yet been studied. The current study does
indicate that there may be sex-specific differences in
proliferative rate of HLEC even without the presence of
exogenous estrogen.
The prevalence of pseudoexfoliation (PEX) is high in
Scandinavian countries, ranging between 11 and 40% in age
groups comparable to the age group in this study [35-37]. Of
the 270 cataract patients in the present study, 24.8%
exhibited PEX. Previous studies have shown that PCO is
more common in patients with PEX [20]. However, in this
study, lens epithelial cells from patients with PEX did not
differ in cell growth as compared with cells from patients
without PEX. Based on the study by Küchle et al. (1997), a
standardized difference of 0.44, yielding a power of 95%
was obtained, indicating that this lack of association was not
spurious.
Lens epithelial cells from cataract patients with diabetes
exhibited a lower rate of proliferation after the first week of
culture. The power of the study, 99% with regard to diabetes
as a risk/protective factor for PCO, as derived from a
standardized difference of 0.65 [20], suggests that this
association is correct. However, the difference in cell growth
between diabetics and non-diabetics was no longer evident
after the second week, indicating that if diabetes does indeed
affect cell proliferation, it probably does not play a major
role, or at least is not an intrinsic property of HLEC from
diabetic patients.
Patients with a history of uveitis or for whom trypan blue
had been used during surgery were too few to draw any
conclusions regarding these two groups. Portes et al. (2010)
have published results of increased lens cell death from
trypan blue 0.1% [38]. Lidocain 1% has been suggested to be
protective against PCO in vitro in a rabbit model [39]. This
was not confirmed in the present study.
It has been suggested that cataract type also might play a
role in PCO development [40, 41], with a smaller number of
viable HLECs in mature cataracts. Information about
cataract type was not included in the present study.
However, we used relative growth and not absolute growth
of cells as our main outcome, thus attempting to compensate
for differing cell densities from the start of the cell culture.
The part of the lens capsule obtained for culture in this
work was derived from the central anterior lens capsule
through capsulorhexis. Most mitoses are normally seen in
the germinative zone adjacent to the equatorial zone in the
lens. That part of the lens capsule was not readily available
for culture. However, although the central part of the lens
epithelium exhibits very low mitotic activity, experiments
using labeling with tritiated thymidine (3H-Tdr) have
identified those centrally located lens epithelium cells as
stem cells [42]. Characteristic features of stem cells are their
unlimited proliferative capacity, although they have a low
proliferative rate at normal conditions. In cases of tissue
damage, stem cells can be recruited and rapidly induce a
high mitotic activity [43]. Hence, the central part of the lens
epithelium derived through capsulorhexis may even better
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reflect the proliferative potential of HLEC than the
germinative zone. In addition to proliferation of cells,
migration may also have affected the results, since total area
covered by HLEC was measured. This is well in line with
techniques used to quantify PCO in clinical studies, such as
Evaluation of Posterior Capsule Opacification (EPCO).
PCO is usually described in terms of two different
morphologic types; regeneratory and fibrotic PCO. The
former is thought to originate from the peripheral/equatorial
epithelium and is characterized by proliferation/migration of
HLEC as well as differentation in the form of Elschnig
pearls, which is considered an attempt to form new lens
fibres. The latter is believed to be derived from the
central/anterior lens epithelium and has been linked to
epithelial-mesenchymal transition, leading to fibrosis and
contraction of the capsular bag. In this study, a typical
epithelial morphology was retained throughout the culture
period, without formation of lentoids/Elschnig pearls or any
signs of capsule wrinkling. This is probably due to the short
time of culture, which did not enable the cells to
differentiate. The short duration of cell culture was an
elaborate choice since a short interval between surgery and
cell growth evaluation would better reflect the characteristics
of the donors. Since it could not be excluded that the extent
of surgical trauma would influence cell proliferation, we
decided to investigate the first and second week separately.
In conclusion, the only significant association between
in vitro growth of lens epithelial cells and donor
characteristics shown in this study was diabetes mellitus, the
mechanism of which remains to be elucidated. The present
study suggests that characteristics of individual patients, at
least with regard to lens epithelial cells cultured in vitro, may
be less important than other factors such as surgical
technique or IOL design, in determining the risk of PCO.
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