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Purpose: To optimize isolation of viable bovine corneal endothelial cells (BCECs), we evaluated the effectiveness of
various preparation protocols. This entailed comparing the effects of collagenase A and trypsin in the presence and
absence of a Rho kinase inhibitor, Y-27632, on proliferation and tight junctional and cytoskeletal integrity during their
expansion.

Methods: 5-bromo-2’-deoxyuridine (BrdU) incorporation evaluated cell proliferation. Western blot analysis evaluated
F-actin, zonule occludin, and ZO-1 associated nucleic acid binding protein (ZONAB) and RhoA expression. Rho A
pulldown assay evaluated Rho A activity.

Results: In the trypsin (TrypLE)-prepared BCECs, BrdU incorporation decreased whereas nuclear ZONAB expression
increased and became stable from day 3 to 7. In contrast, in the collagenase-A-prepared BCECs, we observed preserved
Z0-1 integrity, invariant nuclear ZONAB expression, and dense cortical F-actin expression, and BrdU incorporation
was invariant from days 1 to 7. Y-27632 did not increase BrdU incorporation and nuclear ZONAB expression in the
TrypLE-prepared and the collagenase-A-prepared BCECs. Moreover, Y-27632 increased irregular cellular morphology
and downregulated the expression of ZO-1 in the collagenase-A-prepared BCECs from days 1 to 7. Y-27632 inhibited
RhoA activation irrespective of whether the cells were isolated with trypsin or collagenase A.

Conclusions: It is preferable to isolate BCECs with collagenase A and expand them without Y-27632. With this protocol,
proliferative activity and tight junctional and cytoskeletal integrity are better preserved than if trypsin is used in the

presence or absence of Y-27632.

Tissue engineering and increased understanding of
corneal endothelial functions have enabled the transplant
of cultivated corneal endothelial cell (CEC) sheets and the
use of medications to treat corneal endothelial dysfunction
[1-3]. Recently, a novel therapeutic concept involving the
use of p120 siRNA or Y-27632 (applied topically, injected
intracamerally, or expanded ex vivo) has prompted numerous
studies on treating corneal endothelial dysfunction in clinical
scenarios [1,4-6]. For example, cell injection of rabbit CECs
in combination with Y-27632 in the anterior chamber of an
animal model helped reconstruct CECs in a monolayer and
recover corneal transparency [7]. In a primate model that
exhibited endothelial dysfunction after mechanical scraping,
transplanting Y-27632-treated CEC sheets resolved corneal
edema [8]. Although these studies have reported prom-
ising outcomes for the use of p120 siRNA or Y-27632, the
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individual effects on corneal endothelial proliferation and TJ
restoration merit further investigation.

The TJ, a multifunctional complex, and its regulation by
Rho GTPases, are often overlooked in mediating endothelial
renewal. Rho-associated kinase (ROCK), a putative serine/
threonine kinase target for Rho, modulates the actin—myosin
cytoskeleton dynamics [9,10]. Disrupting ROCK activity
markedly reduces polymerized actin and cytoskeletal rear-
rangement [10]. In the corneal endothelium, a thick band
of actin cytoskeleton, called the perijunctional actomyosin
ring, is located proximal to the apical junctional complexes
[11,12]. Activating Rho A and its effector ROCK leads to
perijunctional actomyosin ring contraction, reduces cell—cell
tethering, and subsequently interrupts the TJ barrier [12-14].
Calcium depletion and readdition have been reported to
cause disassembly and reformation of TJ in corneal endothe-
lial cells, respectively; however, pretreatment with Y-27632
prevents the normal redistribution of zonula occludens-1
(ZO-1) on the calcium add-back in these cells [15].
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Transmembrane proteins, such as ZO-1, localize to the TJ
domain and function as a barrier in the endothelial monolayer
[11,16,17]. ZO-1 organizes the TJ components and links the
transmembrane protein occludin to the actin cytoskeleton
[18]. ZO-1 has been demonstrated to stabilize TJ by coupling
to the perijunctional cytoskeleton in Madin—Darby canine
kidney cells [19]. Several ZO-1-binding proteins have been
discovered to interact with ZO-1 through various specific
binding sites. Filamentous actin (F-actin) attaches to ZO-1
in the actin-binding region and influences ZO-1 through
actin-cytoskeleton interaction with adjacent proteins [20,21].
Furthermore, the ZO-1-associated nucleic acid binding
protein (ZONAB), a Y-box transcription factor binds to ZO-1
through an SH3 domain, activates proliferating cell nuclear
antigen (PCNA) and cyclin D1 expression, and regulates the
morphogenesis and homeostasis of proliferation in a Rho-
dependent manner after nuclear localization [22-25]. Previous
studies reported that disintegration of the junctional ZO-1
leads to nuclear translocation of ZONAB and increases cell
proliferative ability [23,26,27]. Although these findings
strongly suggest profound interactions between ROCK and
Z0-1, the effect of ROCK inhibition on cell proliferation has
led to varying conclusions for numerous cell types [5,28,29].

Collagenase, an enzyme derived from Clostridium histo-
Iyticum [30], has been widely used to disaggregate various
tissues and prepare cell suspensions for establishing primary
cell culture systems, such as murine retinal endothelial cells
[31] and the porcine nonpigmented ciliary epithelium [32].
Engelmann et al. introduced collagenase for isolating human
corneal endothelial cells from the Descemet membrane in
cell cultures [33]. In limbal epithelial cells, intercellular junc-
tions are preserved, cellular degeneration is absent during cell
isolation, and basal epithelial progenitor cells isolated with
collagenase digestion are more numerous than those isolated
with trypsin digestion [34]. Li et al. demonstrated that human
CECs could be isolated without keratocyte contamination
with collagenase A digestion (2 mg/ml) treated for 16 h [35].
Nevertheless, the effects of collagenase A in the presence
or absence of Y-27632 on TJ reformation and proliferation
warrant further investigation. This study compared the side
by side effects of isolating BCECs with either collagenase
or trypsin and expanding them in the presence or absence of
Y-27632 on the proliferation and restoration of tight junctional
integrity.

METHODS

Materials: Dulbecco’s modified Eagle’s medium, Ham’s
F12 medium, PBS (1X; 120 mM NaCl, 20 mM, KCI, 10 mM
NaPO,, 5 mM KPO,, pH 7.4)., amphotericin B, penicillin,
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streptomycin, fetal bovine serum, 2 ng/ml of human recom-
binant epidermal growth factor, sodium bicarbonate, insulin-
transferrin-sodium selenite media supplement, trypsin
(TrypLE) express dissociation enzyme, and monoclonal ZO-1
antibodies, including Alexa Fluor 546 Phalloidin (F-actin),
Alexa Fluor 488, and 546 goat anti-mouse or anti-rabbit
immunoglobulin G (IgG), were purchased from Invitrogen
(Carlsbad, CA). Collagenase A was purchased from Roche
(Indianapolis, IN). Hydrocortisone, dimethyl sulfoxide,
cholera toxin, propidium iodide, Triton X-100, bovine serum
albumin (BSA), human basic fibroblast growth factor, para-
formaldehyde, and diamidino-2-phenylindole (DAPI) were
purchased from Sigma-Aldrich (St. Louis, MO); the ZONAB
(CSDA monoclonal) antibody was purchased from Abnova
Corporation (Taoyuan, Taiwan). Y-27632 dihydrochloride
was purchased from Tocris Bioscience (Bristol, UK). The
protease inhibitor was purchased from Cytoskeleton (Denver,
CO). The prestained protein ladder and Thermo Scien-
tific Halt Phosphatase Inhibitor Cocktail were purchased
from Thermo Scientific (Rockford, IL). The WesternBright
enhanced chemiluminescence (ECL) horseradish peroxidase
(HRP) substrate was purchased from Advansta (Menlo Park,
CA).

Bovine corneal endothelial cell isolation using collagenase
A and TrypLE: Primary BCEC cultures were prepared
according to previous protocols with some modifications
[35]. After the Descemet membranes were stripped from
the posterior surface of the peripheral corneoscleral tissue
under a dissecting microscope, endothelial cell digestion was
performed at 37 °C for 1.5 to 16 h with 2 mg/ml of colla-
genase A in a supplemented hormonal epithelial medium
(SHEM). The digestion solution was centrifuged for 3 min at
2,555 xg to isolate the BCEC aggregates, which were directly
seeded in 24-well plates coated with type IV collagen. For
the TrypLE preparation, bovine endothelial cell dissociation
was performed at 37 °C for 45 min with the TrypLE dissocia-
tion enzyme in the SHEM. After the dissociation solution
was centrifuged, the BCECs were seeded in 24-well, type
IV collagen-coated plates with a seeding density of 10* cells
per well.

Cellular proliferation and Rho kinase inhibition: On
average, a resultant confluent monolayer was observed 7
days after expansion. The cell growth pattern was observed
and determined using crystal violet staining from Sigma-
Aldrich (St. Louis, MO). Primary BCEC cultures were
treated with and without 10 pM Y-27632 to evaluate the
effects of Rho kinase inhibition on cell proliferation in the
collagenase-A- and TrypLE-digested cell cultures. Cell
proliferative ability was determined in the BCEC cultures
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with a 5-bromo-2’-deoxyuridine (BrdU) incorporation assay,
the BrdU enzyme-linked immunosorbent assay (ELISA) kit
from Roche (Indianapolis, IN), according to the manufac-
turer’s instructions. Three independent samples in each group
were assessed in quintuplicate (mean =+ standard error of the
mean [SEM], n=5).

Immunostaining: The BCECs were fixed in 4% formalde-
hyde (pH 7.0) for 15 min at room temperature. They were
subsequently washed three times with PBS for 5 min each,
incubated with 0.2% Triton X-100 and 10% BSA for 30 min to
block nonspecific staining, and then rinsed three times with
PBS for 5 min each. The BCECs were subsequently incubated
with monoclonal anti-ZO-1, anti-F-actin, and anti-ZONAB
(all at 1:200 dilution) antibodies for 16 to 24 h at 4 °C. After
three washes with PBS, the BCECs were incubated with fluo-
rescein isothiocyanate (FITC)-conjugated (Alexa Fluor 488)
or thodamine-conjugated (Alexa Fluor 546) goat anti-mouse
or anti-rabbit IgG (all at 1:200 dilution) for 60 min at room
temperature, followed by counterstaining with DAPI (blue;
1:5,000 dilution) for 15 min at room temperature. After three
washes with PBS, the cells were analyzed under a fluores-
cence microscope (Leica).

The development and maturation of the TJ protein
Z0-1 were observed in cultures incubated with and without
Y-27632 for 4 days after seeding. Double immunofluorescent
staining was performed for F-actin and ZO-1. In addition,
double staining was performed for ZO-1 and ZONAB. The
dynamic changes in ZO-1 were recorded after the Y-27632
treatment was withdrawn for 24, 48, and 72 h.

Western blotting: Proteins were isolated using a lysis buffer
with a 1x protease inhibitor and a 1x phosphatase inhibitor.
The protein content was quantified using spectrophotometry.
Samples with equal protein content were electrophoresed on
10% polyacrylamide gels and electrophoretically transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA). The membranes were incubated with 5%
milk in PBST (1x PBS, 0.1% Triton X-100) to block nonspe-
cific binding sites, and then incubated for 16 to 24 h at 4 °C
with monoclonal anti-ZO-1 (1:1,000 dilution) antibodies.
The PVDF membranes were washed three times with PBST
and subsequently hybridized with horseradish peroxidase-
conjugated goat anti-mouse IgG (1:2,000) as the secondary
antibody at room temperature for 1 h. After three washes
with PBST, immune complexes were visualized by adding the
WesternBright ECL HRP substrate and detecting the lumi-
nescent signal with an X-ray film. The molecular size of the
immunoreactive bands was determined by comparing them
with a prestained protein ladder (Thermo-Pierce, Rockford,
IL). The relative band intensity was analyzed using LabWorks
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software (Version 4.6) from UVP Bioimaging Systems
(Upland, CA).

Rho A4 pulldown assay: Rho A activation was assessed using
a Rho-guanosine triphosphate (GTP) pulldown assay kit
purchased from Cytoskeleton (Denver, CO). The pulldown
assay involves the use of the Rho-A-binding domain from
the effector protein Rhotekin as a probe to isolate the active
forms of Rho A. ROCK phosphorylates the myosin phospha-
tase target subunit 1 (MYPT-1) at Thr® and is involved in
the measurement of ROCK activity by detecting phospho-
MYPT1 (Thr®¢). A ROCK activity immunoblot kit was
purchased from Cell Biolabs (San Diego, CA), which helped
detect ROCK activity by using western blot analysis with
antiphospho-MYPT]1 (Thr®). The cell lysates were analyzed
using western blotting with an antiphospho-Ser' myosin light
chain 2 antibody (Cell Signaling, #3671, dilution 1:250) or
antimyosin light chain 2 antibodies (Cell Signaling, #3672,
dilution 1:500).

Statistical analysis: Data in Figure 1B,D are reported as
means + standard deviation. To compare the differences
between the two groups, a statistical analysis of BrdU incor-
poration was performed using an unpaired Student ¢ test
(n=5); p<0.05 was considered statistically significant.

RESULTS

Effects of different cell preparation methods on cell prolifera-
tion, tight junction formation, and cytoskeleton: The number
of colonies increased from days 1 to 7 in BCECs with or
without Y-27632, prepared either with TrypLE or with colla-
genase A (Figure 1A,C). The BrdU incorporation increased
from day 1 to day 3 and decreased after day 4. There was no
statistical difference from day 1 to day 6 between the groups
prepared with TrypLE alone. However, Y-27632 significantly
decreased BrdU incorporation on day 7 and day 8 (Figure
IB). In contrast, the BrdU incorporation remained essentially
constant in the BCECs with or without Y-27632 prepared with
collagenase A from day 1 to day 6, whereas they declined in
the TrypLE- prepared cells during days 7 and 8 compared to
the cells isolated with TrpyLE and not treated with Y-27632
(Figure 1B,D).

Because the major differences in BrdU incorpora-
tion among these groups were the preparation methods of
BCECs, we compared the expression of ZO-1, ZONAB, and
F-actin in BCECs prepared with TrypLE or collagenase-A
on days 1, 3, and 7 (Figure 2 and Figure 3). The expression
of nuclear ZONAB in the TrypLE-prepared BCECs gradu-
ally increased after day 1 and became stable in the nucleus
from days 3 to 7, whereas a continuously band-shaped
Z0-1 was expressed at the cellular junctions only on day 7,
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determined with immunostaining (Figure 2A,B,D,E,G,H). In
contrast, following collagenase A isolation, a characteristic
band-shaped ZO-1 was restored after day 1, and increases in
ZONAB nuclear localization were evident during the 7 days
of expansion (Figure 3A,B,D,E,G,H). We observed a strong
correlation between the BrdU incorporation results and the
nuclear ZONAB expression in the collagenase-A-prepared
BCECs from days 1 to 7 (Figure 1D and Figure 3B,E,H).

We compared the influence of Y-27632 on ZO-1 and
ZONAB expression in the TrypLE- and collagenase-A-
prepared BCECs. The TrypLE-prepared BCECs exhibited
similar gradual formation of ZO-1 at the cellular junction,
and nuclear ZONAB expression with and without Y-27632
as the BCECs expanded on days 1 (Figures 2A, A’,B,B’), 3
(Figure 2D,D’,E,E’), and 7 (Figure 2G,G’,H,H’). However,
Z0-1 did not form a characteristically continuous band in
a confluent, hexagonal BCEC monolayer in both groups on
day 7 (Figure 2G’). In the collagenase-A-prepared BCECs,
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we observed the characteristic expression of ZO-1 at the
cellular junction with and without Y-27632 treatment since
the cell clusters gradually expanded from days 1 to 7 (Figure
3A,D,G,A’,D’,GG’). However, the cellular morphology with
the Y-27632 treatment was more irregular than that of the
BCECs without Y-27632 on day 7 (Figure 3G,G’). The nuclear
ZONAB expression did not increase in the BCECs treated
with Y-27632 (Figure 3B’,E’,H’) compared with those treated
without Y-27632 (Figure 3B,E,H).

We evaluated the effects of Y-27632 on F-actin distri-
bution in the TrypLE- and collagenase-A-prepared BCECs.
F-actin was expressed in a weak peripheral band and cortical
actin mat in the individual BCECs with Y-27632 compared
with those without Y-27632 on day 7 (Figure 2L,I’), whereas
normal and intact ZO-1 expression was observed at the
cellular junctions of the BCECs without Y-27632 compared
with the BCECs with Y-27632 on day 7 (Figure 2G,G").
In contrast, actin occurred in a dense peripheral band and

A D1 D2 D3 D4
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Figure 1. Gross pattern of cell growth was observed and determined using crystal violet staining. The effects of Y-27632 on the proliferative
ability of bovine corneal endothelial cells (BCECs) were assessed according to 5-bromo-2’-deoxyuridine (BrdU) cell incorporation. After
BrdU was incubated for an additional 24 h, the proliferation was assessed based on BrdU incorporation. Photographs of multiwell plates
stained with crystal violet exhibited a cellular growth pattern similar to that of the TrypLE-preparations. The number of colonies increased
from day 1 to day 7 in the BCECs with or without Y-27632, prepared with either TrypLE or collagenase A (A, C). The BrdU incorporation
rates increased from day 1 to day 3 and decreased after day 4. There was no statistical difference between the groups prepared with TrypLE
from day 1 to day 6. However, Y-27632 significantly decreased the BrdU incorporation rates on day 7 and day 8 (B). In contrast, the BrdU
incorporation rates remained essentially constant in the BCECs with or without Y-27632 prepared with collagenase A from day 1 to day 7,
and differed from those in the TrypLE-prepared BCECs (B,D). * indicates p<0.05.
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cortical mat in the collagenase-prepared BCECs without
Y-27632 on days 1, 3, and 7 (Figure 3C,F,I), and normal and
intact ZO-1 expression was observed at the cellular junctions
of these BCECs on day 7 (Figure 3G). The collagenase-
prepared BCECs with Y-27632 revealed altered cell shapes
and a substantial change in the organization and expression of
F-actin (Figure 3C’,F’,I’). Therefore, TrypLE- or collagenase
A-prepared BCECs with Y-27632 did not exhibit charac-
teristic immunostaining of F-actin (Figure 2C°,F’,I’,C’ and
Figure 3C°,E,I).

Effects of Y-27632 on myosin light chain phosphorylation:
A comparison of ROCK activity, Rho A activation, and
myosin light chain phosphorylation between the TrypLE-
and collagenase-A-prepared BCECs indicated that Y-27632
inhibited Rho A activation on days 1, 3, and 5 (Figure 4A,B).
In addition, Y-27632 inhibited RhoA/ROCK activity irrespec-
tive of the cell isolation procedures (Figure 4C,D). For the
TrypLE- and collagenase-A-prepared BCECs, the amount of
phosphorylated myosin light chains decreased in the Y-27632-
treated BCECs on days 3, 5, and 7 (Figure 4E,F).

Effects of Y-27632 removal on ZO-1 distribution: ZO-1
nuclear accumulation and junctional expression declined in
TrypE-prepared cells cultured with Y-27632. However, the
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Z0-1 expression at the cellular junctions reappeared after
Y-27632 withdrawal and subsequent incubation for days 1
(Figure 5A,B), 3 (Figure 5C,D), and 5 (Figure SE, F).

DISCUSSION

Previous studies have reported diverse results regarding
the effects of Y-27632 on corneal endothelial proliferation.
For example, Koizumi et al. demonstrated increased Ki67
staining of monkey CECs accompanied by an F-actin rear-
rangement after Y-27632 was added. The cellular prolifera-
tion at subconfluence substantially increased during the first
2 days. Accordingly, the researchers concluded that Y-27632
could promote cell adhesion and migration and enhance the
proliferative ability of CECs [1]. Pipparelli et al. conducted
proliferative assays in Y-27632-treated human CECs after
cellular confluence was reached in two different media and
observed few Ki67-positive cells at confluence under all
conditions [36]. In our study, we found that adding Y-27632
to the TrypLE-prepared BCECs increased the BrdU incor-
poration rates from day 1 to day 3 and decreased them after
day 4. There was no difference in the BrdU incorporation
between the groups prepared with TrypLE from day 1 to day
6, whereas Y-27632 significantly decreased the BrdU incor-
poration rates on day 7 and day 8 (Figure 1B).

TrypLE

ZONAB

F-actin

Y+TrypLE

Z0-1 ZONAB F-actin

Figure 2. ZO-1, ZONAB, and F-actin expression in TrypLE-prepared BCECs with or without Y-27632 on days 1, 3 (subconfluence), and
7 (confluence). In the TrypLE-prepared bovine corneal endothelial cells (BCECs) without Y-27632, TJ protein ZO-1 developed gradually
from the nucleus to the cell-cell contact and formed a continuous hexagonal pattern. ZONAB expression exhibited increasing staining in
the nucleus, as in ZO-1 expression at the cellular borders (A, B: day 1; D, E: day 3; G, H: day 7). The F-actin cytoskeleton was gradually
arranged into a dense peripheral band at the cell margin and cortical actin mat with prominent perinuclear staining from days 1 to 7 (C, F,
I). The effect of Y-27632 on the expression of the ZO-1 (A’, D’, G’), ZONAB (B’, E’, H’), and F-actin cytoskeleton (C’, F’, I’) was similar to
that without Y-27632. The cellular morphology became irregular (G, G’), and there was a marked decrease in the amount of F-actin in the
presence of Y-27632 compared with the BCECs without Y-27632 on day 7 (I, I’). However, the ZONAB expression patterns were similar in
the BCECs with and without Y-27632 (B, E, H, B’, E’, H’).
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Furthermore, the TrypLE- and collagenase-A-prepared
BCECs exhibited different proliferative patterns. The
TrypLE-prepared BCECs exhibited contact-inhibited
growth at saturation cell density, in which BrdU incorpora-
tion decreased after day 4, and nuclear ZONAB expression
increased and became stable in the nucleus from days 3 to 7
(Figure 1B and Figure 2B,E,H). In contrast, the collagenase-
A-prepared BCECs exhibited a consistently high level of
BrdU incorporation and nuclear ZONAB expression from
days 1 to 7 (Figure 1D and Figure 3B,E,H). However, the
levels of nuclear accumulation of ZONAB between days 3
and 7 were the same with the two different isolation proce-
dures. Our results are consistent with previous reports that
collagenase A digestion removes interstitial collagens instead
of basement membrane components, and trypsin diges-
tion disrupts the intercellular junction and causes cellular
degeneration [35,37]. Chen et al. reported that collagenase
digestion of limbal progenitor cells isolated more basal
epithelial progenitor cells and mesenchymal cells than that
with trypsin/EDTA digestion because of the superior pres-
ervation of basement membrane matrices [34]. Disrupting
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the intercellular junctions of CECs through trypsin/EDTA
digestion may activate canonical Wnt signaling and promote
mesenchymal transition [S]. Our study results confirm the
finding that the collagenase digestion method is superior
to the trypsin digestion method for prolonging proliferative
ability at cellular confluence.

Kameda et al. investigated the effects of Y-27632 on
F-actin and ZO-1 in a monolayer of Schlemm’s canal endo-
thelial cells [38]. The Y-27632-treated cells exhibited a loss
of the normal F-actin polymerization pattern in conjunction
with downregulated ZO-1 expression, which is consistent
with our results (Figure 2). Furthermore, longitudinal F-actin
fibers and ZO-1 formation were disrupted by Latrunculin
B, a Rho-dependent inhibitor of actin polymerization, and
rescued by Jasplakinolide, an actin filament stabilizer [38].
In addition, we demonstrated that myosin light chain phos-
phorylation decreased after Y-27632 treatment in TrypLE-
and collagenase-prepared BCECs (Figure 4E,F). Similarly,
Satpathy and D’Hondt revealed that Rho kinase promotes
myosin light chain phosphorylation, increases actin cytoskel-
eton contractility, and disrupts cortical actin organization in

Collagenase
ZONAB

Z0-1

F-actin

Y+Collagenase

Z0-1 ZONAB F-actin

| -

Figure 3. ZO-1, ZONAB, and F-actin expression in collagenase A-prepared BCECs with or without Y-27632 on days 1, 3 (subconfluence),
and 7 (confluence). In the collagenase A-prepared bovine corneal endothelial cells (BCECs) without Y-27632, the TJ protein ZO-1 developed
gradually from the nucleus to the cell—cell contact and formed a continuous hexagonal pattern, as it did in the TrypLE-prepared BCECs
without Y-27632. The ZONAB expression exhibited staining in the nucleus that was stronger that in the TrypLE-prepared BCECs in the
beginning, as in the ZO-1 expression at the cellular borders (A, B: day 1; D, E: day 3; G, H: day 7). The F-actin cytoskeleton was arranged
into a dense peripheral band at the cell margin and cortical actin mat with prominent perinuclear staining in the beginning (C, F, I). The
effect of Y-27632 on the expression of the ZO-1 (A’, D’, G’), ZONAB (B’, E’, H’), and F-actin cytoskeleton (C’, F’, I’) was similar to that
without Y-27632. Similarly, the cellular morphology became irregular (G, G’), and there was a marked decrease in the amount of F-actin in
the presence of Y-27632 compared with the BCECs without Y-27632 in the beginning (I, I’). The ZONAB expression patterns were similar
in the BCECs with and without Y-27632 (B, E, H, B’, E’, H’).
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BCECs; pretreatment with Y-27632 could interfere with the
myosin light chain phosphorylation and alter its downstream
actin cytoskeleton reorganization [39,40].

Small Rho GTPase and its downstream enzyme Rho
kinase are known to regulate occludin expression and TJ
function in other cell types [41-43]. For example, a study
reported that occludin phosphorylation through activated
Rho kinase is associated with increased permeability in
brain microvascular endothelial cells and that Y-27632 could
partially inhibit this phosphorylation and reduce the perme-
ability of these vascular endothelial cells [44]. Moreover,
Rho/ROCK influenced the adherent junction-associated
proliferation through modulating catenin components. In
human corneal endothelial cells, P120-catenin nuclear trans-
location and endothelial proliferation induced by p120 siRNA
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relied on RhoA—ROCK signaling. Inhibiting RhoA through
CT-04 (a RhoA inhibitor) or Y-27632 eliminated p120 nuclear
translocation and prevented proliferation [5]. The effects of
Y-27632 on actin cytoskeleton, TJ, and cell proliferation have
been discussed separately in relevant studies [45-47]. In the
current study, Y-27632 increased the ZONAB activity of
cells at confluence (Figure 2 and Figure 3). However, adding
Y-27632 did not increase BrdU incorporation in the BCECs
in the SHEM (Figure 1B,D).

Senoo et al. considered the use of trypsin/EDTA for
disrupting contact inhibition and manipulating TJ to enhance
endothelial proliferation at confluence [48]. Balda et al.
reported that decreased ZONAB expression is associated
with decreased cell division kinase 4, which regulates cell
division, primarily in the G1 phase [23]. Y-27632 was found
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Figure 4. Rho A pulldown assay, ROCK activity assay, and myosin light chain phosphorylation in TrypLE-prepared and collagenase-A-
prepared BCECs. In the TrypLE-prepared bovine corneal endothelial cells (BCECs), the Y-27632 treatment reduced Rho A activation on
days 1, 3, and 5. Rho A activation decreased at confluence status on day 7 (A). In the collagenase-A-prepared BCECs, Y-27632 treatment
reduced Rho A activation on days 1, 3, 5, and 7 (confluence status; B). In the TrypLE-prepared BCECs, the Y-27632 treatment reduced
ROCK activity on days 1, 3, and 5 but exhibited no inhibitory effects at confluence on day 7 (C). In the collagenase-A-prepared BCECs,
the Y-27632 treatment inhibited ROCK activity on days 1, 3, 5, and 7 (confluence status; D). The Y-27632 treatment reduced the amount
of phosphorylated myosin light chain in the TrypLE-prepared BCECs on days 3, 5, and 7 (E), and reduced the amount of phosphorylated
myosin light chain in the collagenase-A-prepared BCECs on days 1, 3, 5, and 7 (F). * indicates p<0.05.
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Figure 5. Reformation and distribution of TJ protein ZO-1 after Y-27632 was removed. Recovery of ZO-1 expression after pretreatment of
cells with Y-27632 for 1 day resulted in the gradual development of ZO-1 in the contiguous cells (A, B). The continuous pattern of the ZO-1
protein reformed abruptly at cell junctions and aligned in a hexagonal shape, after the cells were pretreated with Y-27632 for 2 days (C, D)

and 3 days (E, F).

to promote cyclin D expression and facilitate degradation of ~ proliferation at confluence in the SHEM. Adding Y-27632
p27Kipl (p27) in the G1 phase [49]. Therefore, according  released ZONAB from ZO-1 and translocated ZONAB into
to these studies, an abundant F-actin cytoskeleton would the nucleus. However, our results indicated that Y-27632
stabilize the formation and distribution of ZO-1 and subse-  modulates ZO-1 distribution through F-actin polymerization
quently inhibit the nuclear translocation of ZONAB and cell in TrypLE- and collagenase-A-prepared BCECS. Adding
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Y-27632 did not substantially increase the BrdU incorporation
in BCECs using TrypLE or the collagenase A culture system.
Moreover, Y-27632 did not increase nuclear ZONAB expres-
sion in the TrypLE- and collagenase-A-prepared BCECs.
Nevertheless, the control mechanisms with which Y-27632
promoted the cells in the G1 phase but reduced their entry
into the S phase during BrdU incorporation requires further
elucidation.

Although several studies have proposed using collage-
nase A in cell isolation and preserving TJ during cell expan-
sion, collagenase A has been infrequently adopted because
of the difficulty of using it to process tissues [30]. Our study
demonstrates that collagenase A isolation preserves nuclear
ZONAB expression and maintains consistently higher BrdU
incorporation rates in the subconfluent and confluent states.
Y-27632 did not increase BrdU incorporation in either the
TrypLE- or collagenase-A-prepared BCECs. In summary,
instead of using Y-27632 to disrupt ZO-1 expression,
preserving intercellular junctions during cell growth may be
a more favorable option than disrupting TJ integrity during
this process.
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