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Abstract

¢ AIM: To compare cell-suspension and explant culture of
mouse corneal epithelial cells (MCEC).

e METHODS: MCEC were cultured by cell-suspension
culture and explant culture, respectively. Colony forming
efficiency (CFE) and cell proliferation were determined.
The expression of corneal epithelial progenitor cell marker
p63 and K19, as well as differentiation marker K12 was
investigated by Western blotting.

e RESULTS: Twenty of 25 (80% ) cornea explant were
successfully subcultured to passagel (P1), while only
12% cell-suspension culture were successfully subcultured to
P1. There were statistical significance between explant
culture and cell-suspension culture (P<0.01). Up to 55%
of P1 cells in explant culture were passaged over P10 and
were stably subcultured though at least 25 passages.
However, cells cultured in suspension culture never
achieved confluence in P2. CEF of P1 in explant culture
was higher than P1 in cell-suspension culture ( P=0.02)
and CEF of P20 in explant culture was higher than P1 in
explant ( P = 0. 001). Immunostaining images showed
expression of p63 and K19 in cell-suspension culture P1
and explant culture P1 and P20. K12 was expressed in P1
of both cell-suspension culture and explant culture,
however, there was not K12 expressed in P20 of explant
culture.

e CONCLUSION: In MECE culture, compared with cell-
suspension culture, the explant culture is a preferable
option.
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INTRODUCTION
T he corneal epithelium is a rapidly regenerating stratified
squamous epithelium. The epithelial progenitor cells,
including limbal stem cell (LSC) and transient amplifying
cell (TAC) with extensive proliferative potential, are crucial
for maintaining the homeostasis of corneal epithelium, which
are influenced by many exogenous factors, including gradients
of diffusible molecules, cell or substrate adhesion contacts,
and direct cell-cell communication. Understanding of such a
delicate balance depends upon in vivoexperiments and on the
establishment of adequate in wvitro models that allow the
manipulation of cells under controlled conditions. However,
the limited life span, insufficient cell yields and quick
differentiation of these cells greatly hinder progress of such
research. Repeated isolation of cells from corneo-limbal tissue
and time consuming primary culture are required. Therefore,
establishing long-term culture of corneal epithelial cells would
facilitate  studies of proliferation, differentiation and
regeneration of corneal epithelium.
Methods of culture and subculture of human corneal epithelial
cells have been well documented '''. However, there have
been no such cases for mouse corneal epithelial cells. There
are 2 approaches for the primary culture of corneal epithelial
cells in vitro, cell-suspension culture and explant culture ',
With explant culture method, Hazlett ef al”> cultured mouse
corneal epithelial cells firstly, but failed in subculturing the
cells over three passages. With cell-suspension culture,
Kawakita et al'" reported a method to successfully established
a mouse corneal epithelial line, but more than 200 mice were
used. Until 2009, Ma et al" firstly reported reproducible
establishment of long-term mouse corneal cell culture from one
single cornea with explant culture method. Herein, we
compared cell-suspension and explant culture of mouse corneal
epithelial cells to investigate optimum culture condition.
MATERIALS AND METHODS
Materials  Serum-free low-Ca’* medium ( defined keratinocyte
serum-free medium, KSFM; Invitrogen, Carlsbad, CA ) was
supplemented with 10pg/ L human recombinant EGF (Invitrogen) ,
100pg/ L cholera toxin ( Calbiochem; Merck KGaA, Darmstadt,
Germany ) , antibiotics, and growth supplement supplied by the
manufacturer.
Cell-suspension Culture C57BL/6 mice ( CLER, Tokyo,
Japan) , aged 8-10 weeks, were handled according to the
Association for Research in Vision and Ophthalmology
(ARVO) guidelines for animal care. Mouse corneal/limbal
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epithelial sheets were isolated similar to Kawakita et al '®
method. In brief, eye globes were enucleated by forceps,
washed profusely in PBS, stored in KSFM. These eyes were
digested at 4°C for 18h in KSFM containing 5Smg/mlL dispase L.
Subsequently, each eye was held in place by suction applied
to the posterior pole using a transfer pipette and was gently
shaken in KSFM to loosen the ocular surface epithelial sheet.
Single cells were obtained from the above corneal/limbal
epithelial sheets by TrypLE Express ( Invitrogen ) for
15minutes followed by vigorous pipetting which were seeded at
a density of 20 x 10 cells/em” on plastic containing KSFM.
The cultures were incubated at 37°C, under 95% humidity
and 50ml/L CO, with the medium changed every 3 to 4 days.
Explant Culture C57BL/6 mice, aged 8-10 weeks, were
handled according to the guidelines in the ARVO statement for
the use of animals in ophthalmic and vision research. Eye
globes were enucleated from the mice with forceps after death ,
washed profusely in phosphate buffered saline (PBS). Eyes
from each animal were kept separate throughout the culture
procedure. Corneal buttons including the limbus were cut from
the eye and cleaned of extraneous tissue (e. g. iris, ciliary
body, etc. ).

explants culture method similar to Ma et al'” .

Primary cell culture was performed using
Briefly, the
button was cut in half and each explant with epithelium side
up was plated flat on 6-well plate, one piece per well. After
approximately 5-10 minutes to allow for attachment of the
explants, the cultures were incubated at 37°C, under 95%
humidity and Sml/L CO, with the medium changed every 3 to
4 days. Within 10 days, the explant was carefully transferred
to a new dish and cultured as described above.

The mouse corneal epithelial cells ( MCEC)
were subcultured by TrypLE Express (Invitrogen) at 1:3 split

Subculture

after small cells reached subconfluence until Passage 4 (P4)
From P5, MCEC
subsequently passage at a density of 5 x 10" per 75c¢m” flask ,

cultures. after subconfluence were
7-10 days per passage. The medium changed every 3 to 4
days.

Cell Proliferation The population doublings ( PDs) were
calculated as log , (D/D,), where D and D, were defined as
the density of cells at the time of harvesting and seeding,
respectively.

Colony Forming Efficiency  MCEC were inoculated in
60mm dishes at 1000 cells/dish and cultured for 10 days.
Cultured cells were stained with eosin for 1 hour. Colony
forming efficiency ( CFE) was calculated as the number of
colonies/number of inoculated cells. Images were scanned
and eosin-stained area was measured using Scion Image
software ( Scion Corp, Frederick, MD). Five independent
experiments were performed.

Western Blotting Analysis MCEC were dissolved with lysis
buffer ( M-PER, Pierce, Rockford, IL). Same amount of
proteins were loaded on a 100g/L Bis-Tris gel ( Ready Gel;
Bio-Rad Laboratories, Hercules, CA ) and transferred onto

polyvinylidene difluoride ( PVDF ) membranes ( Millipore,

940

Billerica, MA). Membranes were immunostained with primary
antibodies against p63 (1:200), K19 (1:50) and K12 (1:100),
respectively. After the reaction with horseradish-peroxidase
conjugated secondary antibody, protein bands were visualized
by ECL ( GE Healthcare, Buckinghamshire, UK) and X-ray
film.

Statistical Analysis Chi squaretests and Student’st-test
were used to evaluate the differences by SPSS 10. 0 software.
P <0.05 was considered statistically significant.

RESULTS

In cell-suspension culture, within 24 hours after seeding,
some cells attached to plastic and started spreading but more
than 70% did not attach. Cells were

heterogenous population of small cobblestone-like cells and

of seeded cells

large squamous cells. The small cells surrounded by large
cells formed a " cell nest" (Figure 1A). On confluence, cells
were subcultured to passage 1 (P1). In P1, small cells
decreased and large squamous cells were overwhelming
majority. There was few " cell nests" of small cells (Figure 1C).
Cells were cultured in reached confluence on day 10 in PO,
but never achieved confluence in P2 (Figure 2A) on day 14
in P1.

In explant culture, MCEC began to grow out from the explant
within 24 hours. The cells showed a cobblestone appearance,
and epithelial cells were near the explants stratified (Figure 1B).
In P1,

cobblestone-like cells and large squamous cells and small cells

cells were heterogenous population of small
were overwhelming majority ( Figure 1D ). From P5, cells
consisted of uniform small cells with typical cobblestone
appearance and were stably subcultured through at least 25
passages without showing signs of replicative senescence
(Figure 1E,2B).

Twenty of 25 (80% )

subcultured to P1, while only 12% (n =50) cell-suspension

cornea explant were successfully
cultures were successfully subcultured to P1. There were
statistical significance between explant culture and cell-
suspension culture (y* =34.027,P <0.005). Up to 55% of
P1 cells in explant culture were passaged over P10 and were
stably subcultured through at least 25 passages. However,
cells cultured in suspension culture never achieved confluence
in P2 (Figure 2).

CEF of P1 in cell-suspension culture and explant culture was
1.14% +£0.81% and 2.82% +0.62% , respectively. There
were statistical significance between them (n=5,P=0.02).
CEF of P20 in explant culture was 30.2% =5.84% . There
were statistical significance between P1 and P20 of explant
culture (n=5,P=0.001).

Immunostaining images showed expression of progenitor
markers p63 and K19 in cell-suspension culture P1 and
explant culture P1 and P20, and the expression of p63 and
K19 in explant culture P20 was stronger. In P1 of both cell-
suspension culture and explant culture, K12 was expressed.
However, there was no K12 expressed in P20 of explant

culture (Figure 3).
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Figure 1 Mouse of MCEC in culture ( x100)
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Figure 2 Mouse MCEC culture A:Cell yields of cell-suspension

culture and explant culture ; B: Cumulative PD of explant culture.

DISCUSSION

Mice are used in many different types of studies for several
reasons; they are well-suited for genetic manipulations such as
genomic sequence analyses; different strains with different
characteristics are readily available, and many transgenic
(Tg) and knockout strains have been created and are

commercially available. Furthermore, in vitroapproaches with
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Figure 3 Western blotting.

cultured mouse cells allow the investigation of tissue or cell
specific properties. However, culture of MCEC from a single
mouse has been notoriously difficult to establish. In order to
find an optimum culture condition, we compared cell-
suspension and explant culture of mouse corneal epithelial
cells in this paper.

There are several approaches for the primary culture of corneal
epithelial cells in vitro which include the cell-suspension
culture and explant culture techniques *-. Each approach has
its own advantages. While cell-suspension culture can

decrease fibroblasts contamination from the stroma of explants
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to some extent, it requires a large amount of tissue. Since the
mouse cornea is small, it is difficult to obtain sufficient cells
from one single mouse by cell-suspension. Moreover, during
the process of isolating cells from tissue into single cells, some
of the cells including epithelial progenitor cells were damaged
by enzyme and pipetting. Therefore, cells of PO which could
attach and subculture to P1 were low.

In explant culture, more MCEC were preserved and there
weren’t almost stem cells lost. The study of Li et al'® found
during ex wvivoexpansion, some limbal epithelial progenitor
cells indeed migrated from the explant surface. In our study,
we also found the CEF in Pl of explant culture was higher
than cell-suspension culture and P20 was higher than P1 in
the

techniques, we have cultured the cells though more than 25

explant culture. Moreover, using explant culture

passages with a high proliferative capacity without signs of
undergoing replicative senescence. Cells in P20 had similar
morphology, characterized by homogenous small cell size with
typical cobblestone appearance, which suggests the cells

¥/ The expression of p63 '

maintain progenitor cell state

and K19 "

proliferative capacity,

was localized to progenitor cells with high
including both LSC and TAC at
present, while the K12 is expressed by all corneal epithelial
cells and limbal suprabasal epithelial cells, except the limbal

L2330y our

basal cells and is the marker of differentiation
study, western blotting showed cells were positive for p63 and
K19 and negative for K12 in P20 of explant culture, which
indicates that the cells may be the equivalent to limbal
epithelial progenitor cells, including stem cells.

during explant culture is

[2,14]

Although a main problems
contamination by fibroblasts , by using keratinocyte
growth medium and by handling the explant gently when
removing the tissue within 10 days after initiating the culture
ensured that fibroblast outgrowth was minimal. In conclusion,
in mouse corneal epithelial cell culture the explant culture is a
preferable option.
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