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Purpose: The objective of the present study was to investigate the efficacy of rapamycin on rabbit lens epithelial cell
proliferation, migration, and secrcetion of extracellular matrix fibronectin (Fn).
Methods: Rabbit lens epithelium cells (rLECs) were isolated from 1 month old rabbit. rLECs were either cultured for 24,
48, or 72 h with different doses of rapamycin (0.1, 1, and 10 ng/ml). The proliferation kinetics, proliferating cell nuclear
antigen (PCNA) expression, and basic fibroblast growth factor (bFGF)-induced migration of rLEC was determined by
methyl thiazol tetrazolium (MTT) assay, western blotting and transwell chamber assay, respectively. The effect of
rapamycin on the synthesis of Fn was examined via immunofluorescence.
Results: Rapamycin significantly inhibited rLEC proliferation and PCNA protein expression when administered doses
and time periods except for 0.1 ng/ml for 24 h. bFGF-induced migration rLECs was inhibited by pretreatment with
rapamycin for 48 h. Extracellular matrix Fn formation of rLECs was also reduced by rapamycin.
Conclusions: In our study, rapamycin strongly inhibited rLEC proliferation, bFGF-induced migration, and extracellular
matrix Fn formation. Thus, rapamycin may have a potential inhibition of posterior capsule opacificatin (PCO) and needs
further study.

Posterior capsule opacification (PCO), known as after-
cataract, is the main long-term complication of extracapsular
cataract extraction (ECCE), with an estimated incidence of
20%–40% of cases within 5 years after surgery [1]. The
cellular mechanisms responsible for PCO are still unclear.
Previous studies have suggested that the proliferation,
migration, and epithelial-mesenchymal transition (EMT) of
the remaining lens epithelial cells (LECs) after cataract
surgery are a major cause of PCO [2]. The response of LECs
can be considered a wound-healing reaction resulting from the
activation of inflammatory cells and production of cytokines
and growth factors after surgery, influenced by the
extracellular matrix (ECM) of the lens capsule [3,4].

The inhibition of LECs proliferation, migration and
secreting extracellular matrix would be an ideal way to
prevent this complication. Rapamycin is one kind of potent
immunosuppressant and antiproliferative drug. Rapamycin-
eluting coronary stent has been safely and clinically used,
which remarkably reduced the rates of restenosis and
associated clinical events after percutaneous coronary
revascularization. The mechanisms may be by inhibiting
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proliferation and migration of smooth muscle cells (SMCs)
[5-7].

In our previous study, RAPA was loaded into the
polylactide-glycoli acid (PLGA) layer on the surface of
intraocular lens (IOLs) which prevented formation and
development of PCO in rabbit model for 24 weeks [8]. The
topical application of immunosuppressive drug with anti-
inflammatory and antiproliferative effects seems to be
promising. However, there is still a lack of information about
the biologic effects of rapamycin on lens epithelium cells.
Thus, the aim of this study was to evaluate the effects of
rapamycin on the three major processes of PCO (proliferation,
migration, and matrix synthesis capability) of rabbit lens
epithelium cells (rLECs) in vitro.

METHODS
Cell culture and treatments: All procedures were conducted
in accordance with institutional guidelines for the use of
animals in scientific research and adhered to the ARVO
Statement for Use of Animals in Ophthalmic and Vision
Research. rLECs were isolated from the lenses of White New
Zealand Rabbits at 1 month of age. The whole eyes were
rinsed in 96% ethanol for 30 s to minimize a possible bacterial
contamination of the lenses from the eye surface during lens
preparation and followed by washed in phosphate buffered-
saline solution (PBS). The cornea was dissected aseptically

Molecular Vision 2010; 16:1646-1653 <http://www.molvis.org/molvis/v16/a177>
Received 9 June 2010 | Accepted 9 August 2010 | Published 16 August 2010

© 2010 Molecular Vision

1646

mailto:hydliuhl@tom.com
http://www.molvis.org/molvis/v16/a177


and the lens was released using a sterile plastic tube. Any
remainders of zonular fibers were cut off. The whole lenses
(20 lenses) were incubated in 30 ml of Dulbecco’s modified
Eagle’s Minimum Essential Medium (D-MEM; Sigma, St
Louis, Mo) supplemented with 10% fetal bovine serum (FBS,
Pan-systems, Bochum, Germany). The anterior capsule
membranes including equator region were collected by
curvilinear continuous capsulorrhexis (CCCE). After cutting
with fine scissors, the anterior capsule membranes (1 mm2)
with attached epithelial cells were centrifuged (112× g, 5 min),
resuspended in 1 ml of 10% FBS, and transferred to a 35 mm
culture dish in DMEM containing 10% FBS, 100 U/ml
penicillin G, 100 μg/ml streptomycin, and 2.5 μg/ml
amphotericin-B. The lens capsular explants were incubated
undisturbed for 7 days in a humidified atmosphere of 5%
CO2 at 37 °C. Upon becoming confluent in 2 weeks, the
proliferating rLECs were trypsinized and subcultured in
DMEM containing 10% FBS. Early-passage of rLECs was
defined as subcultured cells in media containing 10% FBS
until 1–3 passages. The passage 3 cells were seeded with a
density of 50,000 cells in 96-well plates for overnight culture.
Culture medium was changed and rapamycin (Sigma) was
added in different doses. Culture media of all groups were
maintained in duplicates and were incubated for 24, 48, or 72
h. After completion of the incubation periods, rLEC were used
to observe morphological changes after hematoxylin and
eosin (HE) staining, methylthiazol tetrazolium (MTT) assay,

transwell chamber assay, immunofluorescence assay, and
western blotting.
MTT assay: Cell proliferation was assessed by the MTT assay
[9]. After the cells were treated with different doses (0, 0.1, 1,
10 ng/ml) rapamycin for 24, 48, or 72 h, 10 μl of 5 mg/ml
MTT (in PBS) was added to each well of a 96-well plate, and
continually incubated 4 h at 37 °C. The formazan granules
obtained in cells were then dissolved in dimethyl sulfoxide
(DMSO). The absorbance values were detected at wavelength
of 570 nm by a 96-well multiscanner autoreader (MR
5000; Dynatech, Chantilly, VA). The experiments were
performed 4 times. Cell reduction of MTT (%)=(1 -OD of
treated cells/OD of control cells) ×100%.
Transwell chamber assay: To evaluate the effects of
rapamycin on the migratory ability of rLECs, rLECs were
plated at a density of 60,000/ml in a 25-cm2 flask. After 2 days,
the medium was changed, and rapamycin was added at doses
of 0, 0.1, 1, and 10 ng/ml. After treatment for 48 h, cells were
harvested by trypsinization. Cells were then seeded at a
density of 100,000 cells in 0.2 ml in the upper compartment
of a 2-chamber migratory well (Costar, 8-μm pore size). In the
lower compartment 0.8 ml of medium was supplemented with
3 ng/ml basic fibroblast growth factor (bFGF). After
incubation for 24 h, cells were removed from the upper side
of the membrane inset, the upper cell layer was removed with
a cotton swab, and the cells on the lower side were fixed with

Figure 1. Inhibitory effect of rapamycin
on proliferation in rabbit lens epithelium
cells (rLEC). Cells were treated with
different doses of rapamycin for 24 h, 48
h, 72 h. The cell proliferation was
assessed by methylthiazol tetrazolium
(MTT) assay. Relative
proliferation(%)=(OD of treated cells/
OD of control cells)×100. *p<0.05,
compared with the control cells.
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4% formaldehyde solution. Subsequently, cells were stained
with crystal viola and counted under a microscope.
Immunofluorescence assay: To evaluate the capability of the
cultured rLECs to synthesize extracellular matrix fibronectin
(Fn) and proliferating cell nuclear antigen (PCNA), rLECs
were incubated with rapamycin at doses of 0, 0.1, 1, and 10
ng/ml for 24 h in 6-well plates. The cells were fixed and
analyzed by immune fluorescence. In detail, after incubation
for 24 h, the culture medium was removed. Cells were washed
twice with PBS and fixed with ice-cold methanol for 10 min
at –20 °C. Cells were washed twice with PBS. Ten microliters
of the first antibody against Fn (Millipore, Billerica, MA) and

PCNA (Millipore) were added for 30 min at 37 °C. Cells were
washed twice with PBS. One hundred microliters of the
second antibody conjugated to fluorescein isothiocyanate
(RAM-FITC, Zhongshan Goldenbridge, Beijing, China) was
added for 1 h at 37 °C. Cells were washed twice with PBS.
Immunofluorescence was detected by a Nikon E800
microscope with epifluorescence (Nikon, Tokyo, Japan).
Each image was photographed with a digital camera for the
same exposure time.
Western immunoblot: To evaluate the effects of rapamycin on
synthesize Fn and PCNA protein expresion, rLECs were
incubated with rapamycin at doses mentioned above for 24 or

Figure 2. Western blotting was detected
of proliferating cell nuclear antigen
(PCNA) in rLEC. PCNA, and β-actin
were determined in rLECs by western
blotting (A). The blot was stripped
reprobed with anti-β-actin as an internal
control: Lanes M, 1, 2, 3, 4 and 5 are
protein marker, normal control, 0.1 ng/
ml for 24 h, 0.1 ng/ml rapamycin for 48
h, 10 ng/ml rapamycin for 24 h, and 10
ng/ml rapamycin for 48h, respectively.
The histogram (B) summarizes the
results of scanning densitometry of
PCNA in the blot. Data were
standardized by an internal loading
control (β-actin). All differences were
statistically significant, *p≤0.05.

Figure 3. Immumofluorescence
observation (100×) of PCNA (oval
green spots) in rLEC treated with
different doses of rapamycin. Panel A
shows the control rLECs, while B, C,
and D shows 0.1, 1, 10 ng/ml rapamycin,
respectively, after a 24 h exposure.
PCNA is clearly reduced in the
rapamycin-treated group. The
histogram (E) summarizes the results of
scanning densitometry of PCNA. All
differences were statistically
significant, *p≤0.05.
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48 h. Cells were washed in PBS three times, scraped with cell
scraper, centrifuged (10,303× g, 6 min). The cells were
homogenized with protein extraction reagent (Solarbio
Science Technology Co, Beijing, China) containing protein
lysate (100 μl),proteinase inhibitors and PMSF (2 μl). The
protein concentrations were quantitated by the bicinchoninic
acid assay (Sigma-Aldrich, St. Louis, MO). The samples
containing 30–50 μg protein were separated on 12% SDS-
polyacrylamide gels and electrophoretically transferred to
nitrocellulose membranes (Bio-Rad, Hercules, CA). The
membranes were blocked at room temperature for 1 h in TBS-
T (10 mM Tris-HCl [pH 7.6], 150 mM NaCl, 0.05%
Tween-20) containing 5% nonfat dry milk and incubated
overnight at 4 °C with anti-PCNA (Millipore), β-actin (Boster,
Wuhan, China) or Fn antibodies (Millipore). The blots were
then incubated for 1 h at room temperature with horseradish
peroxidase conjugated secondary antibodies (Zhongshan
Goldenbridge, Beijing, China), and bands in membranes were
detected using enhanced chemiluminescence reagent on
autoradiographic film.
Statistical analysis: Results are expressed as the mean±SD.
Statistical significance was determined by the two-tailed
student’s t-test and differences at p0>0.05 were considered as
statistically significant.

RESULTS
Effects of rapamycin on rLECs proliferation: Active
mitochondria of living cells can cleave MTT to produce a
purple-blue formazan, the amount of which gives an
indication of the number of the living cells. We examined the

effect of rapamycin on proliferation of rLECs. Although the
lower concentration (0.1 ng/ml) of rapamycin has no effect on
cell proliferation within 24 h incubation, rapamycin
significantly inhibited proliferation of rLEC in a dose-
dependent manner. The inhibitory rates were 36% and 23% at
doses of 1.0 and 10 ng/ml rapamycin, respectively.
Rapamycin treatment also inhibited rLEC proliferation with
relative low concentration (Figure 1). rLECs treated with 1.0
ng/ml of rapamycin, proliferations of rLECs at 24, 48 and 72
h were decreased by 22.8%, 29.9% and 43.2%, respectively,
when compared to the control cell. In addition, rLECs treated
with 10 ng/ml of rapamycin at 24, 48 and 72 h, the inhibitory
rates were significantly inhibited by 36.5%, 46.2% and 70.3%,
respectively, when compared to the control cell. These
findings were also confirmed by the observed expression of
PCNA protein, a marker for cell proliferation (Figure 2 and
Figure 3). Rapamycin also significantly decreased (p<0.05)
PCNA protein expression in a dose- and time dependent
manner. Additionally, no difference in morphology was
observed in rLECs among rapamycin-treated and untreated
cultures (Figure 4).
Effects of rapamycin on rLECs migration: bFGF-stimulated
rLECs caused cell migration. Rapamycin evidently decreased
bFGF-stimulated rLEC migration. The migratory activities
were only 14%, 45%, and 70% at 10, 1 and 0.1 ng/ml
rapamycin, respectively, when compared to the control cells
(Figure 5). All groups were statistically different from each
other (p<0.05).
Expression of Fn produced by rLECs in vitro: The effect of
rapamycin on the expression of intracellular Fn was evaluated

Figure 4. The cell morphological
observation (100×) after hematoxylin
and eosin (H&E) staining. Panel A
shows the control rLECs, while B, C,
and D shows 0.1, 1, 10 ng/ml rapamycin,
respectively, after a 48 h exposure.
Rapamycin had no effect on rLECs
morphology treated with different
doses.
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in vitro (Figure 6). The results showed intense staining of
fibronectin without rapamycin incubation in comparison with
rapamycin incubations. As shown in Figure 7, Fn expression
in rLEC was examined by western blotting. rLECs without
rapamycin treatment appeared more Fn expression when
compared to the rapamycin incubations. Rapamycin,
decreased approximately threefold at 10 ng/ml in comparison
with the control cells. Taken together, the results showed that
rapamycin significantly decreased Fn expression in rLECs.

DISCUSSION
Cataract is the most common cause of vision impairment in
the world today. It is treatable with highly effective surgery,
but PCO is the most frequent complication of even successful
cataract surgery. Despite several improvements in cataract
surgical procedures and IOLs design, the problem of PCO is
still not solved. If PCO could be prevented, patients would be
more beneficial from cataract surgery. Currently available
means and approaches to prevent or delay PCO are not
satisfactory.

Figure 5. rLECs migration observation.
The x-axis represents the experimental
groups and the y-axis for the number of
migrated cells per membrane segment.
Basic fibroblast growth factor (bFGF)-
stimulated cell migration was decreased
with increasing doses of rapamycin.
There was only 14% migratory activity
at 10 ng/ml, approximately 45% at 1 ng/
ml and 70% at 0.1 ng/ml rapamycin
groups when compared to the control
cells. The values are given in mean±SD.
Based upon the Tukey-Kramer test for
multiple comparisons, all groups
significantly differed from each other
(*p≤0.05).

Figure 6. The immumofluorescence
observation (100×) of fibronectin (Fn;
green fibers) in rLEC treated with
different doses of rapamycin. Panel A
shows the control rLECs, while B, C,
and D shows treatment of 0.1, 1, and 10
ng/ml rapamycin, repectively, for 24 h
exposure. The staining intensities of Fn
appeared greater without rapamycin
incubation (A). The extracellular matrix
is clearly reduced in the rapamycin-
treated group. The histogram (E)
summarizes the results of scanning
densitometry of Fn. All differences were
statistically significant, *p≤0.05.
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Noninvasive means of treating PCO while maintaining
the integrity of the posterior capsule are being investigated. In
our past study, PCO was inhibited by IOLs loaded with
rapamycin in rabbit model for 24 weeks [8]. In our study,
proliferation of rLECs was inhibited as low as 0.1 ng/ml
rapamycin for 48 h when compared to the control cells.
Rapamycin showed an inhibition of rLECs in a time- and
dose-dependent manner. In our previous studies, rapamycin
at dose of 1.10±0.32 μg/ml in anterior chamber postoperative
7 days could effectively inhibit PCO by PLGA regulation
[8]. When using a heparin sustained drug delivery system,the
benefits of a prolonged treatment period at least also have been
observed by Xie et al. [10]. In that experimental, PCO
occurred later with heparin sustained drug system by slow-
releasing heparin into anterior chamber for 8 weeks. Because
proliferation of the remaining LEC may is a continuous
process starting within a few hours after cataract surgery,
inhibitory proliferation of LEC with programmable release
pharmacokinetics like these described by Finkelstein et al.
[11] may be an effective strategy in the prevention of PCO. In
our previous study, rapamycin concentration peak was
observed on 24 h and continued to release till 14 days, which
is long enough to inhibit LEC proliferation; consequently, it
will prevent PCO formation after surgery.

Lens epithelium cellular migration also is key step in
occurrence of PCO. In the present study, we examined the
effect of rapamycin on rLECs for the PCO process. We found
that the rLEC migration was suppressed by rapamycin
treatments in a dose dependent manner. When bFGF-

stimulated LECs, rapamycin even more than 0.1 ng/ml for 24
h significantly inhibited migration of rLEC when compared
to the control cells (Figure 5). This dose also has been accepted
as one of the most potent chemoattractants in PCO formation
[12,13]. Kwon et al. [14] examined the effect of rapamycin on
the migration of human dermal microvascular endothelial
cells (HDMECs), which inhibited the migration of HDMECs
at dose of 10 ng/ml for 6 h. Poon et al. [15] found acute
administration of rapamycin had no effect on the rat aortic
SMC migration, suggesting that longer exposure to rapamycin
(>6 h) is required. In that study, rapamycin as low as 2 ng/ml
had significant inhibitory effect on platelet-derived growth
factor (PDGF)-BB homodimer-induced rat aortic SMCs
migration at 48 h.

Thus, rapamycin treatment had an inhibitory effect not
only on cell proliferation and migration, but also on matrix
synthesis. Fn is the component of the lens capsule except for
type IV collagen, heparan sulfate proteoglycans, laminin, and
entactin [16-19]. Clearly one important role for capsular ECM
components is to maintain the structural integrity and
functional properties of the capsule. Other important roles
include providing a substratum for lens cell attachment and
migration [20-22]. Taliana et al. [23] assessed that the
behavior of explanted lens epithelial cells on vitronectin or
fibronectin substrata. On that most of the cells became
elongated, spindle-shaped and were strongly reactive for
filamentous α-smooth muscle actin which was typical of the
well known transforming growth factor (TGF) β-induced
EMT. Fn has been shown to be important in promoting the

Figure 7. Expression of Fn in rLECs.
Expression of Fn and β-actin are
analyzed in panel A. The Fn expression
is standardized by an internal control
(anti-β-actin). Lanes M, 1, 2, 3, 4, and 5
are protein marker, normal control, 0.1
ng/ml for 24 h, 0.1 ng/ml for 48 h, 10 ng/
ml for 24 h, 10 ng/ml rapamycin for 48
h groups, respectively. The summary
results of Fn is shown in panel B. All
differences were statistically significant
(*p≤0.05).
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adhesion and migration of many other cells types tested under
similar conditions [24,25]. Therefore, when considering
strategies to slow or prevent PCO, these results highlight the
need to take into account ECM molecules such as fibronectin
that have the capacity to promote EMT, adhesion and
migration.

Taken together, using an inhibitor of lens epithelium cell
proliferation, migration and secreting fibronectin, rapamycin
may have a potential inhibition of posterior capsule
opacifation (PCO) and needs further study.
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