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Although surgical treatment is the only way to restore visual dis-
turbance caused by cataracts, postoperative complications can lead 
to a patient’s low vision (1). Posterior capsule opacification (PCO) 
is one of the most frequent vision-threatening complications after 
surgical treatment for cataracts in dogs and humans (2,3). Posterior 
capsule opacification is caused by aberrant migration and growth 
of lens epithelial cells across the lens capsule, which decrease lens 
clarity (2).

Many studies have identified that the epithelial-mesenchymal 
transition (EMT) is a key factor in PCO (2–4). Lens epithelial cells 
committed to EMT accumulate alpha smooth muscle actin (aSMA), 
which is normally absent in these cells (2). Additionally, these cells 
express the upregulation of integrins, such as integrin subunit 
alpha V (ITGAV), along with the loss of epithelial marker expres-
sion, including E-cadherin (CDH) (2). It is widely accepted that 
transforming growth factor beta (TGF-b) initiates EMT in lens 
epithelial cells (2,5).

To date, several lens epithelial cell lines, such as HLE-B3, HLE-B4, 
SRA 01/04, and cdLEC cells, have been established and validated 
through confirmation of the expression of Crystallin (CRY) aB, 
a major protein of the eye lens (6–9). The HLE-B3, HLE-B4, and 

SRA 01/04 cells were derived from infant human lenses and immor-
talized by transfection of SV40 large T antigen (Simian Vacuolating 
Virus 40 Tag) (6,7). In dogs, cdLEC cells were derived from a dog 
with mature cataracts and transfected with SV40 large T antigen (8). 
While these cell lines have been widely used in cataract investiga-
tions (4,10), the establishment of additional cell lines would enable a 
variety of in-vitro examinations and provide more generalized infor-
mation about cellular abnormalities in cataracts. The objective of the 
present study was to establish a new canine lens epithelial cell line.

A dog diagnosed with cataracts at the Okayama University of 
Science Veterinary Medical Teaching Hospital participated in this 
study. All clinical examinations and treatments were carried out 
after the dog’s owner gave informed and written consent. All experi-
ments with animals were approved by the Clinical Research Ethics 
Committee of the Faculty of Veterinary Medicine of the Okayama 
University of Science.

Phacoemulsification, aspiration, and implantation of the intra-
ocular lens were conducted with a common surgical procedure for 
therapeutic purposes. An anterior lens capsule (ALC) was resected 
using a continuous curvilinear capsulorrhexis technique. Lens epi-
thelial cells and lens fiber cells were collected with an emulsification 
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A b s t r a c t
Some immortalized lens epithelial cell lines have been established and are useful for molecular analysis. The establishment of 
additional cell lines must, however, enable a variety of in-vitro examinations. The objective of this study was to establish a new 
canine lens epithelial cell line by isolating CLC-1 cells from the lens tissue of a dog with cataracts. In CLC-1 cells, transforming 
growth factor beta (TGF-b) treatment significantly decreased gene expression of an epithelial marker and elevated that of 
mesenchymal markers; these characteristics are similar to those of a human lens epithelial cell line. Interestingly, CLC-1 cells 
exhibited lower expression of an epithelial marker and higher expression of mesenchymal markers than an anterior lens capsule. 
These results suggest that CLC-1 cells were derived from a cell population that was committed to epithelial-mesenchymal transition 
in cataract lens tissue. In conclusion, CLC-1 cells could be useful for analyzing molecular pathogenesis in canine cataracts.

R é s u m é
Certaines lignées de cellules épithéliales du cristallin immortalisées ont été établies et sont utiles pour analyse moléculaire. L’établissement 
de lignées cellulaires supplémentaires doit cependant permettre une variété d’examens in vitro. L’objectif de cette étude était d’établir une 
nouvelle lignée cellulaire épithéliale du cristallin canin en isolant les cellules CLC-1 du tissu du cristallin d’un chien atteint de cataracte. Dans 
les cellules CLC-1, le traitement par le facteur de croissance transformant bêta (TGF-b) a significativement diminué l’expression génique 
d’un marqueur épithélial et élevé celle des marqueurs mésenchymateux; ces caractéristiques sont similaires à celles d’une lignée cellulaire 
épithéliale du cristallin humain. Fait intéressant, les cellules CLC-1 présentaient une expression inférieure d’un marqueur épithélial et une 
expression plus élevée de marqueurs mésenchymateux qu’une capsule antérieure du cristallin. Ces résultats suggèrent que les cellules CLC-1 
étaient dérivées d’une population cellulaire qui était impliquée dans la transition épithéliale-mésenchymateuse dans le tissu du cristallin de 
la cataracte. En conclusion, les cellules CLC-1 pourraient être utiles pour analyser la pathogenèse moléculaire dans les cataractes canines.

(Traduit par Docteur Serge Messier) 

Faculty of Veterinary Medicine, Okayama University of Science, 1-3 Ikoinooka, Imabari, Ehime 794-8555, Japan.

Address all correspondence to Dr. Yoshiki Itoh; telephone: 181 898529238; e-mail: y-itoh@vet.ous.ac.jp

Received October 16, 2020. Accepted December 16, 2020.



2000;64:0–00 The Canadian Journal of Veterinary Research 237

aspirator (Stellaris PC Vision Enhancement System; Bausch & Lomb 
Japan, Tokyo, Japan). The collected ALC was halved; one half was 
used for the extraction of total RNA and the other half was incubated 
at 37°C in Dulbecco’s Modified Eagle’s Medium (DMEM) (Fujifilm 
Wako Chemicals, Tokyo, Japan), supplemented with 10% fetal bovine 
serum (FBS) (Biosera, Nuaille, France), 20 IU/mL penicillin, and 
10 mg/mL streptomycin.

Proliferating primary lens epithelial cells (pLECs) were passaged 
by a dilution of 1:2 every 7 d. The lens epithelial cells and lens fiber 

cells collected with the emulsification aspirator were also incubated 
in the culture medium at 37°C. After a week, proliferating epithelial-
like cells were observed. Some fiber-like cells were observed, but 
they did not proliferate. The proliferating epithelial-like cells were 
passaged at 70 to 80% confluence by a dilution of 1:2. For the passage 
of cultured cells, the supernatant was removed, and the cells were 
washed with phosphate-buffered saline (PBS). Subsequently, the cells 
were detached from the flasks by treatment with 2.5 g/L trypsin and 
1 mmol/L ethylenediaminetetraacetic acid (EDTA) (Nacalai Tesque, 

Table I. Primers used in study.

Gene Forward primer (59-39) Reverse primer (39-59) Reference
CDH1 AAAACCCACAGCCTCATGTC CACCTGGTCCTTGTTCTGGT Yao et al (11)
aSMA CGCCACATCTCAACTCTGAA GCTGAAGCCTGTTCTTGGTC Dong et al (12)
ITGAV GGCGATGGCGTAGATGACTT GGCGCTCCGATGAACACAT Agarwal et al (13)
GAPDH AACATCATCCCTGCTTCCAC GACCACCTGGTCCTCAGTGT Yao et al (11)
CDH1 — E-cadherin1; aSMA — alpha smooth muscle action; ITGAV — integrin subunit alpha V; 
GAPDH — glyceraldehyde-3-phosphate dehydrogenase.

Figure 1. Characteristics of CLC-1 cells. CLC-1 cells have a polygonal shape (A) and proliferate linearly (B). Proliferation activity was evaluated by a Trypan 
blue dye exclusion test. Cells were suspended in culture medium at 1 3 104 cells/mL, then the number of cells was counted every 24 h. The expression 
of CRYaB protein was detected by western blotting (C) and immunocytochemistry (D). Rabbit anti-CRYaB antibody and Alexa Fluor 594-conjugated 
secondary antibody were used for the detection. 6-Diamidino-2-phenylindole (DAPI) was used for nuclear counterstaining.
Scale bar = 10 mm.
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Kyoto, Japan) for 5 min. The cells were washed and resuspended 
in culture medium. The number of cells was calculated using the 
Trypan blue dye exclusion test.

Western blotting was carried out to detect CRYaB protein. 
Proliferating epithelial-like cells (45th passage) were lysed with 
Radioimmunoprecipitation Assay (RIPA) Buffer (Nacalai Tesque). 
Separated proteins with sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) were transferred onto Immobilon-P 
membranes (Millipore, Bedford, Massachusetts, USA). The mem-
brane was incubated with rabbit anti-CRYaB antibody (Cat. No. 
15808-1-AP; Proteintech, Rosemont, Illinois, USA), followed by 
horseradish peroxidase (HRP)-conjugated antibody. Molecular 
weight of the detected protein was inferred with Precision Plus 
Protein WesternC standards (Bio-Rad, Hercules, California, USA). 
Additionally, immunocytochemistry was conducted to visualize the 
distribution of CRYaB protein.

After overnight incubation on glass coverslips in 6-well plates, 
the cells were fixed with 4% paraformaldehyde for 10 min at room 

temperature. After permeabilization with 0.1% polyoxyethylene 
sorbitan monolaurate, the cells were incubated with rabbit anti-
CRYaB antibody, followed by Alexa Fluor 594-conjugated antibody 
(Abcam plc, Cambridge, UK). Nuclear staining was carried out with 
49,6-diamidino-2-phenylindolea (DAPI) (Fluoro-KEEPER Antifade 
Reagent; Nacalai Tesque).

Total RNA was extracted from the ALC tissue, pLEC (3rd pas-
sage), and proliferating epithelial-like cells (3rd, 14th, and 45th pas-
sage) using a NucleoSpin Plus Kit (Takara Bio, Shiga, Japan). For 
the 45th passage proliferating epithelial-like cells, total RNA was 
extracted from cells incubated either with or without 10 ng/mL 
of human recombinant TGF-b (Peprotech; Rocky Hill, New Jersey, 
USA) for 6 h.

The extracted RNA was then reverse-transcribed into cDNA 
using a PrimeScript II 1st strand cDNA Synthesis Kit (Takara Bio). 
Real-time polymerase chain reaction (RT-PCR) was carried out with 
TB Green Premix Ex Taq II (Takara Bio) in the presence of 0.2 mM 
each of the forward and reverse primers for canine CDH, canine 

Figure 2. Relative expression levels of epithelial or mesenchymal markers. Real-time polymerase chain reaction (RT-PCR) was carried out to determine 
the expression levels of CDH, aSMA, and ITGAV in ALC, pLEC, and CLA-1 cells (A). The values of target genes were normalized to that of GAPDH. Real-time 
PCR was carried out to detect the changes in gene expression after TGF-b treatment (10 ng/mL) in CLC-1 cells (B). Three independent experiments 
were conducted. The values of target genes were normalized to that of GAPDH and then standardized to that of medium alone. 
* P ,, 0.05 versus medium alone.
CDH — E-cadherin; aSMA — alpha smooth muscle action; ITGAV — integrin subunit alpha V; ALC — anterior lens capsule; pLEC — primary lens epithelial cells; GAPDH — 
glyceraldehyde-3-phosphate dehydrogenase; TGF-b — transforming growth factor beta; p3 — 3rd passage; p14 — 14th passage; p45 — 45th passage.
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alpha smooth muscle actin (aSMA), canine integrin subunit alpha 
(ITGAV), or canine glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (Table I) (11–13). The PCR amplification comprised 
pre-denaturation (95°C, 10 s), 40 cycles of denaturation (95°C, 
10 s), annealing, and extension (60°C, 30 s). Fluorescence inten-
sity was measured in real time during extension steps using the 
QuantStudio 5 Real-Time PCR System (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). All mRNA expression levels were 
normalized to the reference gene (GAPDH). The values were stan-
dardized to a value in a sample of the medium alone for detection 
of changes in gene expression after TGF-b treatment.

Statistical significance was analyzed by Student’s t-test with the 
use of EZR, which is a statistical software package for R version 3.5.2. 
P-values , 0.05 were considered statistically significant.

Proliferating epithelial-like cells showed continuous cell growth 
for over 12 mo. After 40 passages, the cells were named CLC-1 as a 
novel canine lens epithelial cell line. The CLC-1 cells had a polygo-
nal shape (Figure 1A) and proliferated linearly at a cell concentra-
tion of 1 to 3 3 104 cells/cm3; the doubling time was 48.8 6 3.3 h 
(Figure 1B).

We confirmed the expression of CRYaB protein in CLC-1 cells 
by western blotting (Figure 1C). Immunocytochemistry showed 
a diffuse distribution of CRYaB in the cytoplasm of CLC-1 cells 
(Figure 1D).

Changes in the expression levels of EMT-related genes in CLC-1 
cells after TGF-b treatment were analyzed by RT-PCR. Treatment 
with TGF-b significantly suppressed the expression of the epithelial 
marker CDH and elevated the expression of the mesenchymal mark-
ers aSMA and ITGAV in CLC-1 cells (Figure 2A).

Real-time PCR was carried out to compare the expression levels 
of EMT-related genes among ALC, pLEC, and CLC-1 cells. The 
expression of CDH was relatively higher in ALC and pLEC cells 
than in CLC-1 cells (Figure 2B). In contrast, the expression of aSMA 
and ITGAV was relatively lower in ALC and pLEC than in CLC-1 
cells (Figure 2B). Although there were some small differences, the 
expression of EMT-related genes in CLC-1 cells was almost identical 
among the 3rd, 14th, and 45th passages. The expression of aSMA 
was undetectable in ALC.

In the present study, we established continuously growing canine 
lens epithelial cells, named CLC-1. We examined whether CLC-1 
cells had similar characteristics to reported human lens epithelial 
cell lines. We found that CRYaB was diffusely distributed in the 
cytoplasm of CLC-1 cells, similar to the reported cell lines in previ-
ous studies (8,14). Transforming growth factor beta (TGF-b) is a 
well-investigated factor involved in EMT in lens epithelial cells (2,5); 
it has been reported to increase the expression levels of mesenchy-
mal markers in human lens epithelial cells (4). We confirmed that 
incubation with TGF-b significantly increased the expression levels 
of mesenchymal markers in CLC-1 cells.

The reason CLC-1 cells continuously proliferate is unclear. Recent 
studies have reported that epithelial-mesenchymal transition (EMT) 
promotes cell proliferation and survival (2,15). Therefore, we hypoth-
esized that a cell population committed to EMT exists in a cataract 
lens and that these cells constitutively proliferate in culture medium. 
Gene analysis revealed lower expression of an epithelial marker and 
higher expression of mesenchymal markers in CLC-1 cells compared 

with ALC and pLEC. Additionally, this tendency was observed in 
CLC-1 cells even at low passage. Although further investigations are 
necessary, spontaneous commitment to EMT of lens epithelial cells 
might be involved in the pathogenesis of canine cataracts.

Because of the instability of primary lens epithelial cells, some cell 
lines have been established by immortalization with the transfection 
of SV40 large T antigen (6–8). These cell lines have great value in the 
physiological and pathological analyses of lens epithelial cells. Recent 
studies have demonstrated that the transfection of SV40 large T anti-
gen promotes telomerase activity (16), however, and that telomerase 
activation promotes EMT (17). Therefore, CLC-1 cells might be useful 
for investigating the physiological mechanism of EMT in lens epi-
thelial cells because the more spontaneously derived cell line might 
provide a more natural source of cells for doing such an investigation.

In conclusion, we have established a new canine lens epithelial cell 
line representing continuous growth and commitment to EMT. This 
cell line could be a useful tool for analyzing molecular pathogenesis 
in canine cataracts.
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