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Role of Promyelocytic Leukemia Zinc Finger Protein in
Proliferation of Cultured Human Corneal Endothelial Cells

Atsushi Shiraishi, MD, PhD,* Takeshi Joko, MD, PhD,*} Shigeki Higashiyama, PhD,f}
and Yuichi Ohashi, MD, PhD*

Purpose: To review the role of promyelocytic leukemia zinc finger
(PLZF), a transcriptional repressor and negative regulator of cell
cycling, in the proliferation of cultured human corneal endothelial
cells (HCECs:).

Methods: The expression pattern of PLZF mRNA was determined by
reverse transcriptase-polymerase chain reaction (RT-PCR) and real-time
quantitative PCR in HCECs and normal human comeal epithelia. The
effect of cell—ell contact on expression of the PLZF gene was studied
after incubation of the cultured HCECs in EDTA. The proliferation
rate of cultured HCECs was assayed by a real-time electronic sensing
(RT-CES) system, and DNA microarray analysis was performed to
find the PLZF-regulating genes in cultured HCECs infected with LacZ-
and PLZF-carrying adenoviruses (Ad-LacZ, Ad-PLZF).

Results: PLZF mRNA was expressed in HCECs in vivo and in
completely confluent HCECs but not in subconfluent HCEC:s in vitro.
Real-time PCR showed that the expression of PLZF mRNA was
decreased by ~20-fold when incubated with EDTA and returned to
a normal level as the cell—ell contact reformed. Cell proliferation
assay by the RT-CES system showed that infection of cultured
HCECs with Ad-PLZF inhibited proliferation.

Conclusions: These findings suggest that PLZF plays an important
role in the suppression of proliferation of HCECs.
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he corneal endothelium is one layer of cells lying between

the corneal stroma and the anterior chamber that helps
maintain corneal transparency by regulating corneal hydration.
Evidence has been accumulating that once the endothelial
monolayer is formed in vivo, human corneal endothelial cells
(HCECs) do not proliferate.! Recent reports have shown that
HCEC:s in vivo are arrested in the G, phase of the cell cycle
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and indicated that HCECs have the potential to proliferate.?
Until now, several antimitotic factors have been known to con-
tribute to the arrest of HCECs at G, phase. For example,
transforming growth factor (TGF)-B; and cAMP can in-
hibit the G,-to-S transition by blocking phosphorylation of
p27kipl, which is needed for the nuclear export of inhibitory
molecules for degradation.®” In addition, contact-induced
inhibition is mediated at least in part by p27kip1.%°

In this article, we focus on DNA-binding transcriptional
factors. Among these factors, members of the BTB/POZ-zinc
finger protein family are known to suppress transcription of
genes that are positive regulators of the cell cycle.'®!' The
BTB/POZ-zinc finger protein is a sequence-specific transcrip-
tional repressor characterized by a BTB/POZ domain, which
is responsible for transcriptional repression and a zinc finger
domain that forms the DNA-binding domain.'*"*

EXPRESSION OF PLZF mRNA IN CULTURED
HCECS AND IN NORMAL HCECs IN VIVO

In preliminary experiments, we studied expression
patterns of the 6 human BTB/POZ-zinc finger-containing
transcription factors promyelocytic leukemia zinc finger
(PLZF), B-cell lymphoma 6 (BCL-6), Kaiso, myoneurin,
KIAA0441, and zinc finger protein278 (ZNF278) in cultured
HCECs and healthy human comeal endothelial cells by RT-
PCR. Interestingly, expression of PLZF mRNA was detected in
100%-confluent HCECs and normal HCECs but not in
subconfluent HCECs, whereas expression of the mRNA of
the other transcription factors was detected in all samples of
100%-confluent HCECs and normal HCECs in vivo and in
subconfluent HCECs (Fig. 1).

The PLZF gene was first identified by its fusion to the
retinoid acid receptor (RAR) « locus in a therapy-resistant form
of acute promyelocytic leukemia associated with the t(11;17)
translocation.’* PLZF is a sequence-specific DNA binding
transcriptional repressor that suppresses the transcription of
genes such as cyclin A, and c-myc.'®'®!” This is relevant
because both cyclin A and c-myc are involved in cell cycling.
For example, NIH3T3 cells expressing PLZF stably were
delayed S phase entry and suppressed cyclin A expression.'’

KINETICS OF PLZF mRNA IN CULTURED HCECs

We examined the kinetics of PLZF mRNA expression in
cultured HCECs by real-time PCR. PLZF mRNA was not
expressed in proliferating HCECs but was first detected
when the HCECs attained 100% confluency, that is, in

S55

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Shiraishi et al

Cornea » Volume 26, Suppl. 1, October 2007

1 2 3
BCL—6 - — 203 bp
Kaiso — 221 bp
Myoneurin _ — 248 bp
AR0A41 - ~ 2ubo
GAPDH — 294 bp

FIGURE 1. Expression pattern

of mRNA of transcriptional

repressors. Ethidium bromide-stained agarose gels showing

PCR products for PLZF, BCL-6,

Kaiso, myoneurin, KIAA0O441,

ZNF278, and GAPDH. Lane 1, subconfluent cultured HCECs;

lane 2, 100%-confluent cultured
HCECs. Reprinted from joko et

HCECs; lane 3, in vivo normal
al.2® Copyright © 2007 with

permission from Molecular Vision.

a nonproliferative state (Fig. 2).
of PLZF mRNA continued to

The relative expression level
increase for =5 days after

reaching 100% confluency (Fig. 2).
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FIGURE 2. Kinetics of mRNA of

. — — — — — — —

PLZF. A, Time course of PLZF

mRNA expression in cultured HCECs. Cultured HCECs were
collected at 40%, 60%, 80%, and 100% (2, 4, 6, and 8 days,
‘respectively) confluency. The relative expression of PLZF mRNA
was determined by real-time quantitative PCR and the amount
of each mRNA calculated relative to the amount of GAPDH
mRNA in the same samples (n = 3 each). B, Ethidium bromide-

stained agarose gels showing

PCR products for PLZF and

GAPDH. Reprinted from joko et al.?® Copyright © 2007 with
permission from Molecular Vision.
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EFFECT OF CELL-CELL CONTACT ON PLZF
mRNA EXPRESSION

To determine whether cellcell contact is involved in
regulating expression of the PLZF gene, cultured HCECs were
incubated in EDTA 1.2 mg/mL for 120 minutes and then
returned to fresh culture medium. HCECs were collected at
designated times and the kinetics of the mRNA of PLZF were
evaluated during recovery of cell—cell contact by real-time
PCR. Expression of PLZF mRNA was decreased by ~20-fold
when transiently exposed to EDTA for 120 minutes but
returned to healthy levels as cell—cell contact reformed at 72
hours after returning the HCECs to normal media (Fig. 3). The
same experiment was performed on cultured human umbilical
vein endothelial cells, but expression of PLZF mRNA was
decreased by about twofold only when they were transiently
incubated with EDTA (data not shown).

EFFECT OF PLZF ON SUPPRESSION OF
PROLIFERATION OF CULTURED HCECs

To study the suppressive effects of PLZF on proliferation
of HCECs, adenovirus vectors carrying genes encoding PLZF
(Ad-PLZF) or LacZ (Ad-LacZ) were prepared by using an
adenovirus expression vector kit (Takara Biomedicals) and
infected cultured HCECs. The rate of cellular proliferation
was assayed by real-time electronic sensing (RT-CES) system
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FIGURE 3. Effect of PLZF on proliferation of cultured HCECs.
HCECs at 80% confluency were infected with Ad-PLZF or Ad-
LacZ and harvested at 24 hours after infection. A, Cell index
values were determined every hour automatically by RT-CES
system for <72 hours. Error bars are SDs (n = 8 each). B, Cell
index values at 24 and 48 hours are shown. Error bars are SDs.
*Significant difference (P < 0.001) between Ad-PLZF and Ad-
LacZ (n = 8 each). Reprinted from joko et al.?® Copyright ©
2007 with permission from Molecular Vision.
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FIGURE 4. Effect of cell—cell contact on PLZF mRNA expression.
HCECs were cultured until confluence, the medium was
replaced by a medium containing EDTA 1.2 mg/mL for 120
minutes, and the cells were returned to normal culture medium
for =72 hours. Relative expression of PLZF mRNA was de-
termined by real-time quantitative PCR, and the amount of
each mRNA was calculated relative to the amount of GAPDH
mRNA in the same samples. Reprinted from Joko et al.?®
Copyright © 2007 with permission from Molecular Vision.

(ACEA Bioscience, San Diego, CA). The proliferation rate
was continuously monitored and infection with Ad-PLZF at
a MOI 100 inhibited the proliferation of HCECs for =72 hours
(Fig. 4A). Ad-PLZF significantly inhibited the proliferation
rate by 30.3% at 24 hours and 26.5% at 48 hours compared
with Ad-LacZ (Fig. 4B).

DETERMINATION OF PLZF-INDUCED GENE
EXPRESSION IN HCECs

Gene expression in HCECs induced by PLZF was
determined by DNA microarray analysis. Acegene Human
oligo chip 30K (Hitachi Software Engineering, Yokohama,
Japan) containing 3 X 10° genes was used to compare gene
expression in cultured HCECs infected with Ad-PLZF or Ad-
LacZ. The results showed that PLZF upregulated =54 genes
and downregulated =34 genes. Unexpectedly, expression of
cyclin A, and c-myc genes was not influenced by over-
expression of the PLZF gene in HCECs (data not shown). Two
growth factors, heparin-binding epidermal growth factor-like
growth factor (HB-EGF) and connective tissue growth factor,
were markedly downregulated by 0.059- and 0.188-fold,
respectively, while of particular interest to us was the finding

that transforming growth factor-B—stimulated clone 22 (TSC-
22) gene was upregulated 2.32-fold (Table 1). Increased TSC-
22 mRNA expression was also confirmed by real-time
polymerase chain reaction (PCR; data not shown).

DISCUSSION

PLZF is a transcriptional repressor known to suppress
the expression of several genes that regulate cellular pro-
liferation. In earlier studies, an enhanced expression of PLZF
led to the suppression of proliferation in some cell lines.'®®
In murine 32Dcl3 cells, the cell cycling profiles of PLZF-
overexpressing cells were significantly altered, and <80% of
the cells accumulated in the G¢/G, phase with a significantly
smaller proportion of cells in S phase.'® In this article, we
reported that mRNA of PLZF is expressed in normal HCECs
in vivo and in 100%-confluent HCECs but not in subconfluent
HCECs. The kinetics of the expression of PLZF mRNA during
proliferation of HCECs clearly supported the RT-PCR resuits.
In addition to these results, expression of PLZF mRNA was
decreased by ~20-fold when cell—cell contact was reduced by
EDTA and returned to a healthy level as cell—cell contact
reformed in normal medium. A recent study has shown that
EDTA released cells from contact inhibition and promoted
proliferation of corneal endothelial cells.” Taken together, these
findings suggest that cell—cell contact may be involved in
regulation of expression of the PLZF gene and/or PLZF may be
involved in contact inhibition of HCEC:s.

Next, we examined the effect of PLZF on proliferation
of HCECs and observed that overexpression of the PLZF gene
in HCEC: resulted in suppression of proliferation of cultured
HCECs. PLZF mRNA expression might be related to the
proliferation of HCECs.

Furthermore, to study the genes regulated by PLZF, we
performed DNA microarray analyses of HCECs infected with
Ad-PLZF and found that TSC-22 mRNA was increased by
overexpression of the PLZF gene and might be considered
a candidate factor for the suppression of proliferation after
overexpression of PLZF.

TSC-22, a leucine zipper transcriptional factor, was
shown to be an immediate-early target gene of TGF-B,'° and
has the characteristics of a suppressor of cell proliferation.?®
TSC-22 binds to and modulates the transcriptional activity
of Smad3 and Smad4 and enhances TGF-B signaling by
associating with Smad4.*

TABLE 1. Expression Profile Obtained by Array Hybridization

Gene Description Accession No. Ratio (PLZF/LacZ)
znfl145 Promyelocytic leukemia zinc finger protein NM_006006 334.752
znf226 zinc finger protein 226 NM_016444 2470
tsc-22 transforming growth factor B-stimulated protein tsc-22 NM_006022 2.323
dir heparin-binding epidermal growth factor-like growth factor NM_001945 0.059
ctgf connective tissue growth factor NM_001901 0.188
ptgs prostaglandin-endoperoxide synthase2 NM_000963 0.219
ngfb Nerve growth factor, beta polypeptide NM_002506 0.352

Reprinted from Joko et al. Copyright © 2007 with permission from Molecular Vision.
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TGF-B is present in high concentrations in normal
aqueous humor, its predominant form is TGF-B,,**** and
TGF-B, suppresses proliferation of comeal endothelial cells to
suppress entry into S-phase in vitro.”?**” In humans, we have
found that TGF-B, at concentrations =0.5 ng/mL suppresses
the proliferation of HCECs (unpublished data). In addition, the
kinetics of TSC-22 mRNA were similar to those of TGF-,
mRNA in cultured HCECs; thus, the expression of TSC-22
and TGF-B, mRNA was increased in a cell density-dependent
manner as with the kinetics of PLZF mRNA (unpublished
data). Our results together with previous findings suggest that
TSC-22 may be involved in suppression of proliferation of
HCECs binding to Smad complex to enhance TGF-{3 signaling
as a downstream gene of PLZF.

In conclusion, PLZF probably plays a key role in the
suppression of proliferation of HCECs, and PLZF may be one
of the targets for regenerative medicine when treating patients
with comneal endothelial diseases.
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Effects of promyelocytic leukemia zinc finger protein on the
proliferation of cultured human corneal endothelial cells
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Purpose: To determine whether the promyelocytic leukemia zinc finger (PLZF) protein, a transcriptional repressor and
negative regulator during cell cycling, plays a role in the proliferation of cultured human corneal endothelial cells (HCECs).
Methods: The expressions of the mRNA and the protein of PLZF were determined by real-time PCR and western blot
analysis, respectively. The changes in the expression of the PLZF gene of cultured HCECs were investigated at different
times after cell-cell contacts were disrupted by incubation with EDTA. The cell proliferation rate was assessed with a real-
time cell elecironic sensing (RT-CES) system after cultured HCECs were infected with either PLZF or LacZ encoding
adenovirus vector (Ad-PLZF or Ad-LacZ). The PLZF-regulating genes were analyzed by DNA microarray analysis in
cultured HCECs infected with Ad-PLZF.

Results: The expression of the mRNA of PLZF was first detected when the cultured HCECs became confluent. and the
relative amount of PLZF mRNA continued to increase for up to 5 days as the cell-cell contacts were formed more firmly.
On the other hand, the expression of the mRNA of PLZF decreased about 20 fold 3 h after EDTA exposure, and gradually
returned to the original tevel as the celi-cell contacts were reformed at 72 h after the exposure. The assessment using the
RT-CES system showed that the proliferation of cultured HCEC' was inhibited for up to 72 h when infected by Ad-PLZF.
DNA microarray analysis revealed that the transforming growth factor-f3 stimulated clone 22 (7SC-22) gene was up-
regulated by 2.32 fold when infected by Ad-PLZF.

Conclusions: These findings indicate that the expression of PLZF in HCECs is closely related to the formation of cell-cell

contacts, and that PLZF may play a role in suppressing their proliferation.

The corneal endothelium is a single layer of cells lining
the posterior surface of the cornea, and it helps maintain cor-
neal transparency by regulating the hydration of the corneal
stroma. It is widely accepted that corneal endothelial cells do
not proliferate in humans once the endothelial monolayer is
formed [1]. It is also known that the density of human corneal
endothelial cells (HCECs) decreases by approximately 0.5%
per year throughout life, and that the enlargement of the re-
maining cells compensates for this reduction to maintain cor-
neal endothelial function [1-4]. In addition, a variety of inju-
ries such as surgical stress during intraocular surgery, corneal
trauma, and viral infections often cause an extensive reduc-
tion in the number of corneal endothelial cells, which can re-
sult in corneal endothelial dysfunction known as bullous
keratopathy. Although penetrating keratoplasty (PKP) and
other modern surgical procedures, including deep lamellar
endothelial keratoplasty (DLEK), stripping and automated
endothelial keratoplasty (DSAEK), can restore vision in such
patients, it would be more beneficial to regulate the prolifera-
tion of corneal endothelial cells by manipulating cell cycles.
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It has been demonstrated that HCECs are arrested in the
G, phase of the cell cycle in vivo rather than resting in the G,
phase [3]. In fact, HCECs have been shown to possess a strong
potential to proliferate depending upon the age they are cul-
tured [6]. Among the anti-mitotic factors associated with the
G, arrest of the HCECs, transforming growth factor-f2 (TGF-
B,) is known to block the G,-S transition by blocking the phos-
phorylation of p27#!, which is required for the nuctear export
of the inhibitory molecules for degradation {7,8}. The mecha-
nisms involved in the cell cycling and proliferation of HCECs
however have not been fully determined as yet.

In searching for a cell cycling mechanism, we focused on
DNA binding transcriptional factors, including the members
of the BTB/POZ-zinc finger protein family. The BTB/POZ-
zinc finger proteins are sequence-specific transcriptional re-
pressors characterized by a BTB/POZ domain, which is re-
sponsible for transcriptional repression. and a zinc finger do-
main that forms the DNA binding domain [9]. Among the fam-
ily members, the PLZF gene was first identified by its fusion
to the retinoid acid receptor (RAR) alpha locus in a therapy-
resistant form of acute promyelocytic leukemia associated with
the t(11;17) translocation [10]. PLZF is a sequence-specific
DNA binding transcriptional repressor that suppresses the tran-
scription of genes such as cycfin A2 and ¢-mye [11-13]. In
addition to these genes, it has been reported that pre-B-cell
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leukemia transcription factor 1 (Pbx1) can be a target gene for
P1.ZF to suppress melanoma cell growth [14].

In preliminary experiments, we investigated the expres-
sion pattern of several members of the BTB/POZ-zinc finger
protein famity that were considered Lo be negative regulators
in the cycling of HCECs. Interestingly, the expression level of
the mRNA of PLZF alone was found to vary according to the
state of the cell-celt contact. Thus. the purpose of this study is
to investigate the sequential changes in the expression of the
mRNA of PLZF in HCECs in the primary culture and after
EDTA exposure. In addition, we examined what role PLZF
plays in the proliferation of HCECs using an adenovirus vec-
tor carrying genes encoding PLZF.

METHODS

Media and culture conditions: AWl primary and passaged
HCECs were cultured in a media consisting ot Dulbecco modi-
fied Eagle medium (DMEM) supplemented with 15% fetal
bovine serum (FBS), 30 mg/l of L-glutamine, 2.5 mg/l of
Fungizone (GIBCO, Grand Island, NY), 2.5 mg/l of doxycy-
cline (Sigma-Aldrich Co., St.Louis, MO), and 2 pg/ml of ba-
sic fibroblast growth factor (Invitrogen, Carlsbad, CA) [15].
Cultured HCECSs were maintained in a humidified incubator
at 37 °C and 10% CO..

Primary cultures of human corneal endothelial cells: All
procedures including those on human subjects were conducted
in accordance with the principles of the Declaration of Helsinki
[16], and this study was approved by the Institutional Review
Board of Ehime University.

Primary cultures of HCECs were started from normal
human cormeas acquired from the American Eye Bank. Hu-
man tissue was used in strict accordance with the tenets of the
Declaration of Helsinki. The corneoscleral buttons were stored

TABLE 1. SEQUENCES OF PRIMERS USED IN RT-PCR

Product GenBank
rimer Sequence {5'-3') size number
GAPDH F1-CGTATTGEGUGCCTEGTCACCAG 294 bp AT340484
GAPDH R1-TCACTCCTGGAAGATGGTGATGGEG
PLZF F1-CCACCCCTACSAGTGTGAGT 13% bp NM_0060C6
PLZF R1-CTCARAGGGCTTCTCACCTG
BCL-§ F1-GATGAGATTGCCCTECATTT 203 bp NM_138931
BOL-% RY-TTCTTCCAGTTGCASGITTT
Kaiso F1-ACCTGTGCAGGRATTTCCAL 221 bp AY302699
Kaiso R1-GAGCGGCCAAGTTACTGAAG
MYNI F1-AGZCCAAGCCAATGTGTARC 2438 bp AY5148501
MINN R1-ATGATGCATGCEACTATGGA
KIRAG441 F1-CTTGTTGGGGATCAAGAGGA 214 bp NM_014757
KEIAA044] R1-GGACCTGTAGCGAGTGCTTC
2NF278 F1-AAGCAGGTGECTTGTGAGAT 174 ©bp NM_032¢52
ZNF278 R1-CCACAGTTCTGGCAGATGTA
E-cadherin P1-TGCCCAGAARRTCGAARAGG 200 bp NM_0943€0
R1-GTGTH CAATGCSTTC
F1-GACAATGUTCCTCAAGTGTT 173 bp NM_001782
N-cacherin R1-~CCATTAAGCCGAGTGATGGT
VE-cadherin F1-CCTACCAGCCCARAGTGTGT 245 bp NM_0017585
YE-cadherin R1-GACTTGGCATLCCATTGTCT
Y-cadherin F1-TGATGATICIRARRACCTCA 192 bp ¥M_041237
V-cadherin R1-ATGGGCAGGTTGTAGTTTGT
P-cadhari F1-~AARCCTCCACAGCCACCATAG 181 bp NM_061782
-

£l
p-cadherin R1-GTCTCTTAGBATGCGGTAGC

In the table, GAPDH=glyceral-dehyde-3-phosphate dehydrogenase.

PLZF=promyelocytic leukemia zinc finger, and BCL-6 =B-cell lym-
phoma 6.
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in Optisol (Chiron, irvine, CA}at 4 °C and were cultured within
10 days of enucleation. Small explants from the endothelial
Jayer, including Descemet’s membrane, were removed with
sterile surgical forceps and cultured in 35 mm culture dishes
coated with mouse collagen type 1V (BD) Biosciences, San
Jose. CA).

When a sufficient density of proliferating cells was at-
tained, the cultured HCECs were rinsed three times in Ca®'-
and Mg*"-free phosphate-butfered saline (PBS), trypsinized
for 2 min at 37 °C. and passaged at ratios ranging from 1:1 to
1:4. depending on the number of proliferating colonies [15].
All subsequent passages were carried out using the same
method. but at a ratio of 1:6. The approximate time to
confluence after each passaging was 6 to 8 days. We used cul-
tured human corneal endothelial cells at the fifth passage for
the experiments.

RNA extraction and RT-PCR: Total RNA was isolated
from HCECs and culwred HCECs using TRIzol reagent ac-
cording to the manufacturer’s instructions (Invitrogen). They
were further purified by RNeasy kit (Qiagen, Valencia, CA).
c¢DNA was synthesized with Superscript Il reverse transcriptase
according to the manufacturer’s instructions (Invitrogen).

PCR amplitication was performed with TaKaRa Ex Taq
(TaKaRa. Kusatsu, Japan) under the following conditions: 94
°C for 5 min, 35 or 40 cycles of denaturation at 94 °C for 10s,
annealing at 60 °C, except for Kaiso (62 °C for Kaiso). for 20
s, and extension at 72 °C for 30 s. The primer pairs used for
RT-PCR are listed in Table 1.

Real-time polvmerase chuin reaction: Real-time PCR was
performed with the DyNAmo STBR Green qPCR kit
(Finnzymes. Espoo, Finland) under the following conditions:
95 °C for 15 min, 40 cycles of denaturation at 95 °C for 10's,
annealing at 60 °C for 20 s, and extension at 72 °C for 30 s
using the Opticon2 DNA Engine (Bio Rad, Hercules, CA).
The primer pairs used for real time PCR are listed in Table 2.
The C, values were determined by Opticon2 software, and the
amount of each mRNA was calculated relative to the amount
of GAPDH mRNA in the same samples [17]. Each run was
completed with a melting curve analysis to confirm the speci-
ficity of the amplification and the absence of primer dimers.

Releasing model of cell-cell contacts: To examine the
effect of cell-cell contact on the expression of the PLZF gene,

TABLE 2. SEQUENCES OF PRIMERS USED IN REAL-TIME PCR

’ ' Product GenBank
Primer Sequence (5'-3') size number
GAPDH F2-CGACCACTTTGTCAAGCTCA Z28 bp 2Y340484
GAPDH R2 - AGGGGTCTACATGGCAACTG
PL2F F2-GGTCGAGCTTCCTGATAACG 237 bp NM_006006
PLZF R2-GCCARTGTCAGTGCCAGTATG
TSC-22 F1-GTTGCCGTTTTCTGTTTCTC 152 bp AF256225

TSC-22 R1-ATCCATCGCCACTGGTITAC
N-cadherin F1-GACAATGCCCCTCAAGTGTT 179 bp NM_001792
N-cadherin R1-CCATTARGCCGAGTGATGGT
Z0-1 F1-TGAGGCRGCTCECATAATGC 224 bp NM_003257
Z0-1 R1-GGTCTCTGCTGGCTTGTTTC

In the table, TSC-22=transforming growth factor-§ stimulated clone
22.
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we first determined the effective concentration of EDTA that
altered the integrity of endothelial cell-cell contact. Cultured
HCECs were incubated for 2 hin 2.7. 3.2, and 4.0 mM of di-
sodium EDTA.2H.O (EDTA). EDTA was prepared in DMEM
with 15% FBS. E)Eposure- to 2.7 mM of EDTA for 2 h caused
a mild lateral separation of the cells, and incubation in 3.2
mM EDTA for 2 h caused a moderate lateral separation of the
cells. Incubation in 4.0 mM of EDTA for 2 h caused a marked
lateral separation and loss of contact to the dish. When 3.2
mM EDTA was used for 2 h to disrupt the cell-cell contacts of
HCFCs, the lateral separation of the cells was reversed by
replacing the EDTA-rich media with normal culture medium.
Therefore, we decided to use 3.2 mM EDTA for 2 h as the
condition to disrupt the cell-cell contacts.

HCECs were cultured until contluent, and then the me-
dium was replaced by one containing 3.2 mM EDTA. Cul-
tured HCECs were treated with EDTA for 2 h and returned to
the normal culture medium for up to 72 h. Cultured HCECs
were collected at 1, 3, 6, 24, and 72 h after returning the cells

A 1

2 3
PLZF B . (31 bp

BCL—6

Kaiso

GAPDH Enk R A

5 89 62 67 73

(age)

Figure 1. Expression of the mRNA of BTB/POZ-zinc finger-con-
taining transcription factors by RT-PCR. A: Ethidium-bromide-
stained agarose gels showing PCR products for PLZF. BCL-6, Kaiso,
myoneurin. KIAAQ441, ZNF278. and GAPDH. Similar results were
obtained in two other experiments (35 cycles). Lane 1: Sub-confluent
cultured HCECs; Lane 2: 100% confluent cultured HCECs: Lane 3:
in vivo normal HCECs. B: Ethidium-bromide-stained agarose gels
showing PCR products for PLZF in vivo normal human corneas,
ages: 5,39, 62, 67, and 73 vears (40 cycles).
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to the normal culture medium, and the relative amounts ot the
mRNA of PLZF were evaluated by real-time PCR.

Adenovirus vector construction and infection into cultured
human corneal endothelial cells: The degree of infection by
GFP-expressing adenovirus vector (Ad-GFP) of the cultured
HCECSs was determined by counting the number of GFP posi-
tive cells when infected at a multiplicity of infection (MOI) of
50. 100, and 200. Adenovirus vector carrying genes encoding
PLZF (Ad-PLZF) or LacZ (Ad-LacZ) were prepared using an
adenovirus expression vector kit ( Takara Biomedicals) as de-
scribed [14,18]. Purified, concentrated. and titer-checked vi-
ruses were used for the infections.

Western blor analysis: HCECs in culture dishes were
rinsed two times with PBS- and then lysed with Laemmli
sample buffer (Bio-Rad, Hercules, CA) with f-
mercaptoethanol, and the final concentration was 5%. Equiva-
lent volumes of samples were separated on 7.5% polyacryla-
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Figure 2. Kinetics of mRNA of PLZF in primary cultred HCECs,
A: Cell number in 6 well plates for each condition. B: Time course of
the expression of PLZF mRNA in cultured HCECs. Cultured HCECs
were collected at 40%. 60%, 80%. and 100% (1 day, 3 days, S days,
and 7 days after reached confluency). The relative expression of PLZF
mRNA was determined by real-time PCR, and the amount of each
mRNA was calculated relative to the amount of GAPDH mRNA in
the same sample (1=3 each). The ratio of the sample from [00%/1
day was set to “17. C: Ethidium-bromide-stained agarose gels show-
ing PCR (40 cycles) products for PLZF and GAPDH.
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mide gel containing sodium dodecyl sulfate (SDS-PAGE) and
transferred to polyvinylidene (PVDF) membranes. After block-
ing with 5% nonfat dry miik and 0.1% Tween-20 in PBS, the
membrane was incubated with monoclonal anti-human PLZF
antibody (Oncogene Research Products. Cambridge. MA) for
.1 h. The positive immunoreactions were made visible by the
ECL plus detection system according to the manutacturer’s
instructions (Amersham Pharmacia Biotech, Piscataway. NJ).

Invitro cell proliferation: The rate of cellular prolifera-
tion was analyzed with a real-time cell electronic sensing (RT-
CES) system (ACEA Bioscience, San Diego. CA). Cells were
grown on the surfaces of microelectronic sensors, which are
composed of a circle-on-line electrode arrays and are inte-
grated into the bottom surfaces ot the microtiter plate. Changes
in cell number were monitored and quantified by detecting
sensor electrical impedance. For cell quantification and vi-
ability measurements, the data generated on the RT-CES sys-
tem correlated well with those from the colorimetric (MTT)
assay. Cell index (CI) values obtained on the RT-CES system
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were quantitatively correlated with the cell numbers [19,20].

The cells were harvested 24 h after infection with Ad-
PLZF or Ad-LacZ atan MOI of 100 and seeded into a 16-well
strip at a density of 1x10* cells/well. The sensor devices were
placed into the 5% CO, incubator, and the cell index value
was determined every hour automatically by the RT-CES sys-
tem for up to 72 h.

Microarray analyses: Cultured HCECs of 50%
confluency were infected with Ad-PLZF or Ad-LacZ at an
MOI of 100. Total RNA was isolated from Ad-PLZF or Ad-
L.acZ infected HCECs at 48 h post-intection. The Acegene
Human oligo c¢hip 30K (Hitachi Software Engineering,
Yokohama, Japan) containing 30,000 genes was used to com-
pare gene expression in cultured HCECs infected with Ad-
PL.ZF or Ad-LacZ. Initial data analysis for each chip was per-
formed using DNASIS-Array software (Hitachi Software En-
gineering, Japan).

Statistical analyses: Values are presented as
meanszstandard deviations. Differences between the groups
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Figure 3. Effect of disruption of the cell-cell contact on PLZF mRNA
expression. A: Effect of 3.2 mM of EDTA on the integrity of human
corneal endothelial celi-cell contact. 1: No treatment: cell-cell con-
tact is intact. 2: Incubation with EDTA for 2 b leads to moderate cell-
cell separation. 3: Incubation in medium without EDTA for 24 h at-
ter incubation with EDTA for 2 h. Cell-cell contact has recovered. B:
HCECs were cultured until confluent, the medium was then replaced
by medium containing 3.2 mM EDTA for 2 h, and returned to the
normal culture medium for 72 h. The relative expression of PLZF
mRNA was determined by real-time PCR, and the amount of mRNA
was calculated relative to the amount of GAPDH mRNA in the same
sample. The ratio of the sample from 3 h post-incubation was set to
1. This experiment was repeated twice. C: The same experiment was
performed on culttured human umbilical vein endothelial cells. The
ratio of the sample from subconfluent culture was set to 1.
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were analyzed with unpaired Student’s t tests. All t tests were
two-side, and a p value of <0.035 was considered to be statisti-
cally significant.

RESULTS
Comparison of mRNA expression of BTB/POZ-zinc finger-
containing transcription fuctors in confluent and subconfluent
cultured HCECs in vitro and normal HCECs in vivo: The
expression of six human BTB/POZ-Zinc finger-containing
transcription factors: promyelocytic leukemia zinc finger
(PL.ZF), B-cell lymphoma 6 (BCL-6), Kaiso. myoneurin,
KI1AA0441. and zinc finger protein278 (ZNF278), were com-
pared in confluent and subconfluent cultured HCECs by RT-
PCR. The gene with a different expression pattern might be
considered 1o be a good candidate for regulating the prolifera-
tion of HCECs. The results showed that the mRNA of PLZF
was expressed only when HCECs were confluent and the ex-
pression of the mRNA of the other transcription factors was
unchanged in both confluent and subconfluent HCECs. The
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mRNA of PLZF was also undetectable by RT-PCR up to 40
cycles in subconfluent cultured HCECs (Figure 1A). These
results were consistent with the findings in all HCECs from
different human donors. The mRNA of PLZF was also found
to be expressed in the comeal endothelial cells obtained from
normal human corneas (ages: 5. 59, 62, 67. and 73 years; Fig-
ure 1B).

Kinetics of PLZF mRNA expression in primary cultured
HCEC: Next, the kinetics of the PLZF mRNA expression in
primary cultured HCECs was examined by real-time PCR.
The mRNA of PLZF was not expressed when HCECs were
still in the proliferation phase but began to be expressed at the
100% confluency (1 day) which seemed to occur when they
reached confluency (Figure 2B). The mRNA of PLZF was
undetectable by RT-PCR up to 40 cycles in cultured HCECs
of 40%, 60%, and 80% confluency (Figure 2C). After reach-
ing confluency, the relative expression level of PLZF mRNA
continued to increase for up to 5 days (Figure 2A-C). Cell-
cell contacts were still not formed in the proliferation phase,
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Figure 4. Efficiency of adenovirus vector infection and eftect of PLZF on proliferation of cultured HCECs. A: GFP-positive cells in cultured
HCECs 48 h after infection. HCECs at 80% confluency were infected at an MOI of 30, 100. and 200 with an adenovirus vector expressing
GFP. Phase-contrast photograph (left) and fluorescence photograph (right) showing the infection efficiency was 14% at an MOl of 50, 24% at
an MOI of 100, and 41% at an MO of 200. B: Western blot analysis with anti-PLZF antibody of cultured HCECs infected with Ad-PLZF and
uninfected cells. HCECs at 80% confluency were infected with Ad-PLZF. The cells were harvested 48 h after infection. Lane 1: MOL 50; Lane
2: MQI 100; Lane 3: MOI 200: Lane 4: uninfected HCECs. C: The cells were harvested at 24 h after infection, and the cells were seeded into
a 16-well strip. Cell index values were determined every hour automatically by the RT-CES system for up to 72 h. Each blot is an average of
& samples. D: Cell index values at 24 and 48 I are shown. Error bars designate standard deviations. The asterisk indicates a significant

difference (p<0.001) between Ad-PLZF and Ad-LacZ (n=8 each).
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but were formed after the 100% confluency. These results led
us to hypothesize that the PLZF expression might be related
to cell-cell contact and should be investigated in more detail.

Effect of disruption of the cell-cell contact on PLZF mRNA
expression: To determine whether cell-cell contact is associ-
ated with the expression of the PLZF gene, confluently-cul-
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Figure 5. The expression of mRNA of cadherin family and ZO-1. A:
Ethidium-bromide-stained agarose gels showing PCR products for
cadherin family (40 cycles). 1: In vitro HCECs, 2: in vivo HCECs, 3:

in vitro HUVEC, 4: normal human skin. B, and C: Time course of

the expression of the N-cadherin and ZO-1 mRNA in cultured HCECs.
Cultured HCECs were collected at 40%, 60%, 80%, and 100% (1
dav, 3 davs, 5 days, and 7 days, respectively) after reaching
confluency. The relative expressions of N-cadherin and ZO-1 mRNA
were determined by real-time PCR, and the amount of each mRNA
was calculated relative to the amount of GAPDH mRNA in the same
sample (n=3 each). The ratio of the sample from [00%/5 day was set
to | tor N-cadherin and 100%/3 day to 1 for ZO-1.
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tured HCEC's were incubated with 3.2 mM EDTA for 2 h and
replaced with normal culture medium containing no EDTA
(Figure 3A). After the treatment, HCECs were harvested at
specific times, and the changes of the mRNA of PLZF were
assessed by real-time PCR. The results showed that the ex-
pression of the mRNA of PLZF decreased by about 20 fold at
3 h after the EDTA treatment, but began to increase at 24 h
after replacing the EDTA media with normal media. The level
of PLZF recovered o the original level when the cell-cell con-
tacts were reformed at 72 h (Figure 3B3).

When the same experiment was performed on cultured
human umbilical vein endothelial cells (HUVEC), the expres-
sion of PLZF mRNA was not changed by EDTA treatment
{Figure 3C). suggesting the importance of PLZF in the cell-
cell contact of corneal endothelial cells. :

Effect of PLZF gene transfer on the proliferation of cul-
tured HCECs: To test the hypothesis that the PLZF may sup-
press the proliferation of HCECs, we tirst infected subconfluent
cultured HCECs with Ad-PLZF at an MO of 50, 100, and
200. The efliciency of infection of the Ad-GFP vectors into
HCECs at 48 h was 14% at an MOI of 50, 24% at an MO! of
100, and 41% at an MO! of 200 (Figure 4A). At the same
time, western blot analysis using anti-PLZF antibody revealed
a single band of approximately 70 kDa. The intensity of the
bands was strongly correlated to the multiplicity of infection
(Figure 4B). Because PLZF mRNA was expressed at low lev-
els in the uninfected cultured HCECs, PLZF protein may be
undetectable by the western blot analysis employed in this
study.

The cell proliferation assay was done using the RT-CES
system with the Ad-LacZ cells serving as the control. When
the cell proliferation rate was continuously monitored, it was
found that infection with Ad-PLZF at an MOI of 100 inhib-
ited the cell growth by 30.3% at 24 h and 26.5% at 48 h com-
pared to that with Ad-LacZ (Figure 4D). This inhibition was
statistically significant. and the effect lasted up to 72 h (Fig-
ure 4C).
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Figure 6. Expression of TSC-22 mRNA in cultured HCECs. HCECs
at 30% confluency were infected with Ad-PLZF or Ad-LacZ at an
MOT of 100. The cells were harvested 48 h after infection. The rela-
tive expression of TSC-22 mRNA was determined by real-time PCR,
and the amount of each mRNA was calculated relative to the amount
of GAPDH mRNA in the same samples. The ratio of the sample
from Ad-LacZ was set to 1. The asterisk indicates a significant
difference (p<0.003) between Ad-PLZF and Ad-LacZ (n=4 each).
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Comparison of mRNA expression of cadherin family in
cultured HCECs in vitro and normal HCECs in vivo, and ki-
netics of N-cadherin mRN4 expression in primary cultured
HCEC: The expression of five members of the human cadherin
tamily: E-cadherin. N-cadherin, VE-cadherin, V-cadherin, and
P-cadherin, were compared in vitro HCECs, in vivo HCECs,
in vitro HUVEC, and norma! human skin by RT-PCR. N-
cadhein and V-cadherin were detected in in vitro HCECs,
whereas only N-cadherin was detected in in vivo HCECs (Fig-
ure SA).

Next, the kinetics of the expression of the mRNA of the
N-cadherin was examined in primary cultured HCECs by real-
time PCR. In contrast 1o the expression of PLZF. N-cadherin
expression was detected at high levels in subconfluent HCECs,
and decreased as cultured HCECs attained contluency (Fig-
ure 5B). When the same experiment was performed on the
mRNA expression of ZO-1, no change was found in the kinet-
ics of ZO-1 mRNA expression (Figure 5C).

Determination of PLZF-induced gene expression in
HCECs: Finally, the changes in the expression of genes in
HCECs induced by PLZF were determined by DNA
microarray analysis. When a total of 30.000 genes were ana-
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lvzed, PLZF was shown to upregulate at least 34 genes and
down-regulate at least 34 genes. Unexpectedly, the expres-
sion of cyclin 42 and c-myc genes were not affected by an
over-expression of the PLZF gene in HCECs (data not shown).
Two growth factors including heparin-binding epidermal
growth factor-like growth factor (HB-EGF) and connective
tissue growth factor were the most down-regulated by 0.059
fold and 0.188 fold. respectively. Of pariicular interest was
the discovery that the transforming growth factor 3 stimulated
clone 22 (TSC-22) gene was up-regulated by 2.32 fold (data
not shown). The increased expression of the mRNA ot TSC-
22 was also confirmed by real-time PCR (Figure 6).
Expression of PLZF mRNA in corneal endothelial cells
with iridocorneal endothelial syndrome (ICE svndrome): We
have examined the expression of the mRNA of PLZF in cor-
neal endothelial cells obtained from three patients with the
ICE syndrome (Figure 7A), and found that the relative ex-
pression of the mRNA of PLZF was lower in these patients
than in normal controls by real-time PCR (Figure 7B). In par-
ticular, the expression of PLZF mRNA was undetectable in
Chandler’s syndrome (Figure 7B.C). The relative expression
ofthe mRNA of PLZF as normal controls is the average value
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Figure 7. Expression of the mRNA of PLZF in the corneal endothe-
lial cells from patients with the ICE syndrome. A: 1: Chandler’s
syndrome, 2: Progressive essential iris atrophy, 3: Cogan-Reese syn-
drome. B: The relative expression of PLZF mRNA was determined
by real-time PCR, and the amount of each mRNA was calculated
relative to the amount of GAPDH mRNA in the same samples. The
ratio of the sample from progressive essential iris atrophy was set L0
“1". . Ethidium-bromide-stained agarose gels showing PCR prod-
ucts for PLZF (40 cycles).
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of four normal human corneal endothelial cells (ages 62, 67,
73. and 73 years).

DISCUSSION

PLZF is a transcriptional repressor and is known to suppress
the expression of several genes that regulate cell prolifera-
tion. Thus, in earlier studics, an enhanced expression of PLZF
led to the suppression of proliferation in some cell ines [11,21].
In murine 32Dcl3 cells, the cell cycling profiles of over-ex-
pressing PLZF were significantly altered, and up to 80% of
the cells accumulated in the G, /G, phase with a significantly
smaller proportion of cells than in the S phase [21].

Our results showed that, among the different members of
the BTB/POZ-zinc finger family, PL.ZF was the only gene that
varied in association with the alterations of HCECs. Thus.
PLZF was not expressed in HCECs in the proliferative phase
and was later expressed when the cultured cells reached
confluency. We also found that the expression of the PLZF
mRNA was profoundly decreased when the cell-cell contact
was distupted by EDTA treatment, and mRNA expression re-
turned to the original level as the cell-cell contact was reformed.
These changes in the expression pattern suggest that PLZF
gene expression may be regulated by cell-cell contact and re-
lated to the proliferation of HCECs. In fact, our results are
quite consistent with recent reports in which EDTA-exposed
corneal endothelial cells were released from contact inhibi-
tion and subsequently proliferated [22]. Another study has
shown that the cell-cell contact-induced inhibition is medi-
ated, at least in part, by p27"% because the p27**' protein level
is 20 times higher in confluent rat corneal endothelial cells
than in subconfluent cells. In addition, the level of the p27%®!
protein is substantially lower in EDTA-treated confluent cells
than in untreated control cells [23]. Although the link between
PLZF and p27%' has not been determined, both genes pre-
sumably contribute to the contact inhibition of HCECs.

The cell adhesion motecules expressed in corneal endot-
helial cells are ZO-1, connexin-43, and cadherin [24-26].
Among these, the cadherins are major intercellular adhesion
molecules that mediate calcium-dependent cell-cell adhesion
through homophilic interactions [27]. It has been demonstrated
that a breakdown in the cadherin-mediated cell adhesion acti-
vates a P-catenin-mediated intracellular signaling pathway,
inducing the expression of a set of genes, including cyclin
D1, c-myc, and c-jun, that are critical for cell proliferation
and cell survival [28-30].

We have examined the expression of cadherin family
mRNA in cultured HCECs and in vivo HCECs, and N-cadherin
was found to be the major cadherin in HCECs. In addition,
the expression of N-cadherin increased in proliferating HCECs
before the expression of PLZF (Figure 5B). We have hypoth-
esized that N-cadherin and its downstream signaling pathways
are the candidate molecules involved in the regulation of the
expression of the PLZF gene. Currently, experiments are be-
ing carried out in our laboratory to test this hypothesis.

The involvement of PLZF in suppressing the prolifera-
tion of cultured HCECs has been clearly demonstrated by in-
fection of the PLZF gene in HCECs. The degree of the sup-
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pression was not as high as in murine 32Dcl3 cells, but con-
sidering an infection efficiency of 24% at an MOl of 100 with
the Ad-GFP vector. an over-expression of PLZF led to a rela-
tively high degree of suppression of the proliferation of
HCECs. In addition, TSC-22 was tound to be increased in
HCECs which over-expressed the PLZF gene according o
the DNA microarray analysis. TSC-22, a leucine zipper tran-
scriptional factor, was found to be an immediate-early target
gene of TGFR, [31] and has the characteristics of a suppressor
of cell proliferation [32-34}. Moreover, TSC-22 binds to and
modulates the transcripiional activity of Smad3 and Smad4,
and it enhances TGFp signaling by associating with Smadd
[35]. Evidence has been showing that TGFB, is present in high
concentrations in normal aqueous humor [36,37]. and it sup-
presses the proliferation of rabbit and rat corneal endothelial
cells in vitro [7,38.39]. Thus, 7SC-22 might be involved as a
target gene for PLZF in suppressing HCEC proliferation in
accordance with TGFp signaling pathway. This hypothesis,
however, needs further investigation.

We have also examined the expression of PLZE mRNA
in the corneal endothelial cells obtained from three patients
with iridocorneal endothelial syndrome (1CE syndrome). In-
terestingly. the relative expression ot the mRNA of PLZF in
ICE syndrome was lower than in normal controls by real-time
PCR. In particular, the expression of PLZF mRNA was unde-
tectable in Chandler’s syndrome (Figure 7). These findings
suggest that the absence of the PLZF gene may lead to the
abnormal proliferation of corneal endothelial cells, a hallmark
of the ICE syndrome.

In conclusion, we have shown that the mRNA of PLZF
was closely associated with cell-cell contact phenomenon of
human corneal endothelial cells. Further studies are needed to
clarify the correlation of the PLZF gene with the intracellular
signals governed by TGF-beta and with the expression of the
cell adhesion molecule such as cadherin. As PLZF is normally
expressed in the human corneal endothelium, it can serve as a
possible target to modulate cell proliferation. It may be pos-
sible in the future to treat patients with severe corneal endot-
helial damage if the key factor regulating the expression of
the PLZF gene and the genes regulated by PLZI are identi-
fied.

ACKNOWLEDGEMENTS
The authors thank Y. Hanakawa and T. Tsuda for the con-
struction of the adenovirus vector.

REFERENCES

1. Murphy C, Alvarado I, Juster R, Maglio M. Prenatal and postna-
tal cellularity of the human corneal endothelium. A quantitative
histologic study. Invest Ophthalmol Vis Sci 1984: 25:312-22.

. Bourne WM, Nelson LR, Hodge DO. Central corncal endothelial
cell changes over a ten-year period. Invest Ophthalmol Vis Sci
1997: 38:779-82.

. Hollingsworth J, Perez-Gomez [, Mutalib HA, Efron N. A popula-
tion study of the normal cornea using an in vivo, slit-scanning
confocal microscope. Optom Vis Sci 2001: 78:706-11.

4. Hashemian MN, Moghimi S, Fard MA, Fallah MR, Mansouri MR.

Corneal endothelial cell density and morphology in normal Ira-

(8]

5
S



Moleculur Vision 2007; 13:649-58 <hnp://www.molvis.org/moelvis/v13/a7/>

nian eves. BMC Ophthalmol 2006: 6:9.

3. Jovee NC, Meklir B, Jovcee Sl, Zieske ID. Cell cycle protein ex-
pression and proliferative status in human comneal cells. [nvest
Ophthalmol Vis Sci 1996; 37:643-53.

6. Senoco T, Joyce NC. Cell cvcle kinetics in corneal endothelium
from old and young donors. Invest Ophthalmel Vis Sci 2000,
41:660-7.

7. Kim TY. Kim W, Smith RE, Kay ED. Role of p27(Kip1) in cAMP-
and TGF-beta2-mediated antiproliferation in rabbit coreal en-
dothelial cells. Invest Ophthalmol Vis Sci 2001; 42:3142-9.

8. Kim TY, Kim W1. Smith RE, Kay EP. Differential activity of TGF-
beta2 on the expression of p27Kipl and Cdk4 in actively cy-
cling and contact inhibited rabbit comeal endothelial cells. Mol
Vis 2001: 7:261-70.

9. Stogios PJ. Downs GS, Jauhal JJ, Nandra SK, Prive GG. Sequence
and structural analysis of BTB domain proteins. Genome Biol
2003; 6:R82.

10. Chen Z. Brand NJ. Chen A, Chen SI, Tong JH, Wang ZY. Waxman
S. Zelent A. Fusion between a novel Kruppel-like zine finger
gene and the retinoic acid receptor-alpha locus due to a variant
t(11;17) translocation associated with acute promyelocytic leu-
kaemia. EMBO §1993; 12:1161-7.

11. Yeyati PL, Shaknovich R, Boterashvili S, Li J, Ball HJ, Waxman
S. Nason-Burchenal K. Dmitrovsky E, Zelent A, Licht JD. Leu-
kemia translocation protein PLZF inhibits cell growth and ex-
pression of cyclin A. Oncogene 1999: 18:9235-34.

12. McConnell M, Chevallier N, Berkofsky-Fessler W, Giltnane JM,
Malani RB. Staudt LM, Licht ID. Growth suppression by acute
promyelocytic leukemia-associated protein PLZF is mediated
by repression of c-myc expression. Mol Cell Biol 2003; 23:9375-
88.

3. Li 1Y, English MA, Ball H), Yeyati PL., Waxman S, Licht JD.
Sequence-specific DNA binding and transcriptional regulation
by the promyelocytic leukemia zinc finger protein. ) Biol Chem
1997, 272:22447-55.

14. Shiraishi K, Yamasaki K, Nanba D, Inoue H, Hanakawa Y,
Shirakata Y, Haslimoto K, Higashiyvama S. Pre-B-cell leuke-
mia transcription factor 1 1s a major target of promyelocytic
leukemia zine-finger-medtated melanoma cell growth suppres-
sion. Oncogene 2007; 26:339-48.

13. Miyata K, Drake J, Osakabe Y. Hosokawa Y, Hwang D, Soya K,
Oshika T. Amano S. Effect of donor age on morphologic varia-
tion of cultured human corneal endothelial cells. Cornea 2001;
20:59-63.

16. World Medical Association declaration of Helsinki. Recommen-
dations guiding physicians in biomedical research involving
human subjects. JAMA 1997; 277:925-6.

17. Ruttedge RG, Cote C. Mathematics of quantitative kinetic PCR
and the application of standard curves. Nucleic Acids Res 2003;
31:€93.

18. Nanba D, Mammoto A, Hashimoto K, Higashiyama S. Proteolytic
release of the cacboxy-terminal fragment of proHB-EGF causes
nuclear export of PLZF. J Cell Biol 2003: 163:489-302.

19. Solly K. Wang X, Xu X, Strulovici B. Zheng W. Application of

real-time cell electronic sensing (RT-CES) technology to cell-
based assays. Assay Drug Dev Technol 2004: 2:363-72.

20. Xing JZ, Zhu L, Jackson JA, Gabos S, Sun XJ, Wang XB, Xu X.
Dynamic monitoring of cytotoxicity on microelectronic sensors.
Chem Res Toxicol 2005: 18:154-61.

21. Shaknovich R, Yevati PL, Ivins S, Melnick A, Lempert C, Waxman
S, Zelent A, Licht JD. The promyelocytic leukemia zine finger
protein affects myeloid cell growth, differentiation, and
apoptosis. Mol Cell Biol 1998: 18:3533-45.

657

i

23,

26.

27.

32.

(93]

£2007 Melecular Vision

. Senoo T, Obara Y. Joyce NC. EDTA: a promaoter of proliferation
in human corneal endothelium. Invest Ophthalimel Vis Sci 2000;
41:2930-5.

Joyce NC, Harris DL, Mello DM. Mechanisms of mitotic inhibi-
tion in comeal endothelium: contact inhibition and TGF-beta2.
Invest Ophthalmol Vis Sci 2002: 43:2152-9.

Barry PA, Petroll WM, Andrews PM, Cavanagh HD, Jester JV.
The spatial organization of corneal endothelial cytoskeletal pro-
teins and their relationship to the apical junctional complex.
[nvest Ophthalmol Vis Sci 1995; 36:1115-24.

. Mohay J, McLaughlin BJ. Corneal endothelial wound repair in
normal and mitotically inhibited cultures. Graefes Arch Clin Exp
Ophthalinol 1993; 233:727-36.

Petroll WM, Hsu JK. Bean J, Cavanagh HD. lester JV. The spa-
tial organization of apical junctional complex-associated pro-
teins in feline and human corneal endothelium. Curr Eve Res
1999; 18:10-9.

Hirano S, Nose A, Hatta K, Kawakami A, Takeichi M. Calcium-
dependent ceti-ceil adhesion molecules (cadherins): subclass
specificities and possible involvement of actin bundles. J Cell
Biol 1987: 103:2501-10.

. Shtutman M, Zhurinsky I, Simcha I, Albanese C. D’Amico M,
Pestell R, Ben-Ze’ev A. The cyclin D1 gene is a target of the
beta-catenin/LEF-1 pathway. Proc Natl Acad Sci U S A 1999;
96:5522-7.

29. He TC, Sparks AB. Rago C, Hermeking H, Zawel L, da Costa

LT, Morin PJ, Vogelstein B. Kinzter KW. Identification of ¢-
MY C as a target of the APC pathway. Science 1998; 281:1509-
12,

. Mann B, Gelos M, Siedow A, Hanski ML, Gratchev A, Tlvas M,
Bodmer WF, Mover MP, Riecken EO, Buhir HJ, Hanski C. Tar-
get genes of beta-catenin-T cell-factor/lvmphoid-enhancer-fac-
tor signaling in human colorectal carcinomas. Proc Natl Acad
Sct U S A 1999; 96:1603-8.

. Shibanuma M, Kuroki T, Nose K. isolation of a gene encoding a
putative leucine zipper structure that is induced by transtorm-
ing growth factor beta | and other growth factors. J Biol Chem
1992:267:10219-24.

Kawamata H, Nakashiro K, Uchida D, Hino S, Omotehara F,
Yoshida H, Sato M. Induction of TSC-22 by treatment with a
new anti-cancer drug, vesnarinone, in a human salivary gland
cancer cell. Br J Cancer 1998; 77:71-8.

. Nakashiro K, Kawamata H, Hino S, Uchida D, Miwa Y, Hamano
H, Omotehara F. Yoshida H, Sato M. Down-regulation of TSC-
22 (transforming growth factor beta-stimulated clone 22) mark-
edly enhances the growth of @ human salivary gland cancer cell
line in vitro and in vivo. Cancer Res 1998; 58:549-55.

. Gupta RA, Sarraf P. Brockman JA. Shappell SB, Raftery A,
Willson TM. DuBois RN. Peroxisome proliferator-activated
receptor gamma and transforming growth factor-beta pathways
inhibit intestinal epithelial cell growth by regulating levels of
TSC-22. I Biol Chem 2003; 278:7431-8.

. Choi SJ, Moon JH. Ahn YW, Ahn JH, Kim DU, Han TH. Tsc-22
enhances TGF-beta signaling by associating with Smad4 and
induces erythroid cell differentiation. Mol Cell Biochem 2005;
271:23-8.

. Jampel HD, Roche N, Stark W, Roberts AB. Transforming
growth factor-beta in human aqueous humor. Curr Eye Res 1990,
9:963-9.

. Cousins SW, McCabe MM, Danielpour D. Streilein IW. Identifi-
cation of transforming growth factor-beta as an imamunosup-
pressive factor in aqueous humor. Invest Ophthalmal Vis Sci
1991: 52:2201-11.



Moleculur Vision 2007; 13:649-58 <Imp:.//www.mo]visAorg/mol\'is/v|3/a7l/> ©2007 Molecular Vision

38. Harris DL, Joyce NC. Transforming growth factor-beta suppresses 39. Chen KH, Harris DI, Joyce NC. TGF-beta2 in aqueous humor
proliferation of rabbit corneal endothelial cells in vitro. J Inter- suppresses S-phase entry in cultured comeal cndothelial cells.
feron Cytokine Res 1999; 19:327-34. Invest Ophthalmol Vis Sci 1999; 40:2513-9.

The print version of this article was created on 27 Apr 2007. This reflects all typographical corrections and errata to the article through that
date. Details of any changes may be found in the online version of the article.
658



