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ABSTRACT
Epigallocatechin-3-gallate (EGCG), the most abundant poly-
phenol in green tea, exerts chemopreventive effects by selec-
tively inducing apoptosis in tumor cells. In contrast, EGCG
accelerates terminal differentiation in normal human epidermal
keratinocytes (NHEK) mediated partially by up-regulation of
p57/KIP2, a cyclin-dependent kinase inhibitor that confers
growth arrest and differentiation. However, it is unclear if EGCG
modulates caspase 14, a unique regulator of epithelial cell
terminal differentiation associated with cornification. Here, we
examined the effect of EGCG on caspase 14 expression in
NHEK and correlated the protein and mRNA expression of
p57/KIP2 with those of caspase 14 in either normal keratino-
cytes or p57/KIP2-expressing tumor cells (OSC2, an oral squa-
mous cell carcinoma cell line). Additionally, paraffin-embedded
normal and untreated psoriatic (aberrant keratinization) skin

sections from humans were assessed for caspase 14 by im-
munohistochemistry. In NHEK, EGCG induced the expression
of caspase 14 mRNA and protein levels within a 24-h period.
The expression of p57/KIP2 in OSC2 cells was adequate to
induce caspase 14 in the absence of EGCG; this induction of
caspase 14 was down-regulated by transforming growth fac-
tor-�1. In human psoriatic skin samples, caspase 14 staining in
the upper epidermis was reduced, especially in nuclear areas.
These results suggest that, in addition to p57/KIP2, EGCG-
induced terminal differentiation of epidermal keratinocytes in-
volves up-regulation of caspase 14. Further understanding of
how EGCG modulates cellular differentiation may be useful in
developing green tea preparations for selected clinical applica-
tions.

Unique characteristics of green tea polyphenols include
their ability to induce growth arrest and apoptosis in tumor
cells, especially in epithelial-type cells (Hsu et al., 2002b;
Adhami et al., 2003), as well as protecting normal epithelial
cells from carcinogens (Mukhtar and Ahmad, 2000; Katiyar,
2003). Among the four major polyphenols present in green
tea, (�)-epigallocatechin-3-gallate (EGCG) is the most abun-
dant (Miyazawa, 2000).

We previously reported that green tea polyphenols, EGCG
in particular, activate a pathway for cell differentiation in
normal human epidermal keratinocytes (NHEK). Unlike
epithelial-derived tumor cells, NHEK undergo an accelerated
differentiation that is associated with p57/KIP2 induction
when exposed to EGCG (Hsu et al., 2001, 2002a, 2003a). The
p57/KIP2 gene product is a p53-independent G1 cyclin/cyclin-
dependent kinase inhibitory protein (Lee et al., 1995); the C
terminus contains a binding domain for proliferating cell
nuclear antigen (Watanabe et al., 1998). Embryonic develop-
ment in mice requires p57/KIP2 expression, lack of which
causes early postnatal death and growth retardation (Taka-
hashi et al., 2000). Conversely, in continuously dividing hu-
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man intestinal cell models, elevations of p57/KIP2 are asso-
ciated with differentiation (Deschenes et al., 2001). Whereas
other cyclin-dependent kinase inhibitors such as p16, p21,
and p27 are proapoptotic (Opalka et al., 2002), p57/KIP2
confers growth arrest, differentiation, and cell survival.

In human epidermis, the stratum corneum consists of
anucleated keratinocytes with cross-linked proteins and lip-
ids that generate a mechanical barrier (Madison, 2003). This
barrier formation relies on the cornification of epidermal
keratinocytes, which undergo growth arrest, terminal differ-
entiation, and an epidermal-specific apoptosis referred to by
Nickoloff as “planned cell death” (Nickoloff et al., 2002).
Abnormalities in any of these programmed features may
manifest in skin disorders such as psoriasis or cancer. How-
ever, the mechanisms triggering proliferating keratinocytes
to enter planned cell death are not completely understood
(Martinez et al., 1999; Alonso and Fuchs, 2003).

Caspase 14, identified in 1998 first in mice and later hu-
mans (Ahmad et al., 1998), is expressed only in epithelial
tissues, especially the differentiating regions of the outer
epidermis. Unlike the other caspases, caspase 14 is not in-
volved in the typical apoptotic cascade but is associated with
terminal differentiation of NHEK and barrier formation
(Eckhart et al., 2000b; Lippens et al., 2000). In addition to the
epidermis, caspase 14 expression also is found in the choroid
plexus, the retinal pigment epithelium, and thymic Hassall’s
bodies, tissues that function as barriers (Lippens et al.,
2003). A series of elegant experiments showed that epidermal
induction of caspase 14 at the transcriptional level occurs
during stratum corneum formation, whereas inhibition of cell
differentiation results in diminished caspase 14 expression
(Eckhart et al., 2000a; Rendl et al., 2002). Thus, caspase 14 is
thought to specifically modulate epidermal differentiation,
possibly signaling terminal differentiation and cornification
of the epidermis (Mikolajczyk et al., 2004). In psoriasis,
whereby rapidly migrating keratinocytes result in abnormal
cornification, caspase 14 expression is altered (Lippens et al.,
2000).

It is unknown whether caspase 14 is involved in EGCG-
induced keratinocyte differentiation or EGCG-induced p57/
KIP2 expression. We hypothesized that EGCG activates a
differentiation pathway in normal epidermal keratinocytes
and an apoptotic pathway in tumor cells (Hsu et al., 2003c).
Here, we investigated the relationship between EGCG-in-
duced p57/KIP2 and caspase 14 expression using in vitro
models of NHEK, an oral squamous cell carcinoma line
(OSC2), and subclones derived from OSC2 with stable ex-
pression of p57/KIP2. Expression patterns of caspase 14 in
normal and psoriatic human skin samples were also exam-
ined.

Materials and Methods
Chemicals and Antibodies. EGCG and 3-(4, 5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO). Rabbit polyclonal anti-human
caspase 14 antibody was purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA). Mouse monoclonal anti-human p57/KIP2 an-
tibody was purchased from BD Biosciences PharMingen (San Diego,
CA).

Cell Lines and Cell Culture. NHEK were purchased from Cam-
brex Corporation (East Rutherford, NJ) and subcultured in KGM-2
provided by the manufacturer. Subculture of the NHEK was per-

formed by detaching the cells in 0.25% trypsin and transfer into new
tissue culture flasks. The human oral squamous cell carcinoma lines
OSC2 and the subclones (G6, S1, S2, S3, S4, and S5) were main-
tained in DMEM/Ham’s F-12 medium with 10% fetal calf serum, 100
IU/ml penicillin, 100 �g/ml streptomycin, and 5 �g/ml hydrocorti-
sone.

Immunocytochemistry of NHEK. To evaluate the intracellular
distribution patterns of caspase 14 in NHEK, exponentially growing
NHEK were seeded in 8-well chamber slides (Nalge Nunc Interna-
tional, Naperville, IL) 12 h prior to EGCG treatment. At the end of a
24-h treatment, the slides were washed with PBS and fixed in
ice-cold 4% paraformaldehyde solution for 10 min. Then, 3% hydro-
gen peroxide solution and normal goat serum were applied to block
endogenous peroxidase activity and nonspecific binding. The caspase
14 antibody was applied for 1 h at 37°C at a dilution of 1:50. A
streptavidin detection technique (Biogenex, San Ramon, CA) was
used with 3-amino-9-ethylcarbazole as chromogen. Mayer’s hema-
toxylin was used as a counterstain. Negative control slides consisted
of cells treated with 1% diluted normal goat serum instead of pri-
mary antibody.

Human Skin Sample Collection and Processing for Caspase
14 Expression. Under an approved human use protocol, 4-mm
punch biopsies of normal (n � 3) and untreated psoriatic skin sam-
ples (n � 6) were obtained from different patients who provided
written, informed consent. Samples were fixed in 10% neutral-buff-
ered formalin, paraffin embedded, sectioned at 5 �m, and immuno-
stained for caspase 14 presence by immunohistochemistry using a
modified avidin-biotin-peroxidase technique described previously
(Hsu et al., 2003a). The paraffin sections were deparaffinized in
limonene (Sigma-Aldrich) and rehydrated in a descending series of
ethanol to water. Endogenous peroxidase activity was blocked by a
5-min incubation in 3% H2O2. Nonspecific binding of the antibody to
tissue sections was blocked by incubation for 1 h in 10 mg/ml bovine
serum albumin. Rabbit anti-caspase 14 (Santa Cruz Biotechnology,
Inc.) at a dilution of 1:50 was applied to the sections for 1 h. Control
sections were treated with normal goat serum instead of the anti-
caspase 14 antibody. After washing in PBS, a 1:200 dilution of the
secondary biotin-conjugated goat anti-rabbit immunoglobulin anti-
body (Vector Laboratories, Burlingame, CA) was applied for 30 min.
The sections were washed in PBS and then incubated for 30 min in
an avidin-peroxidase complex reagent (ABC reagent; Vector Labora-
tories). Following three additional PBS washes, the peroxidase mol-
ecule in the immobilized avidin-peroxidase complex was used to
reduce H2O2 in the presence of Vector NovaRED substrate (Vector
Laboratories) to produce a red reaction product. In addition, sections
were counterstained with Mayer’s hematoxylin as an aid to morpho-
logical identification. After staining, tissue sections were dehydrated
in ascending concentrations of ethanol to xylene and coverslipped
with Cytoseal XYL (Stephens Scientific, Riverdale, NJ).

Total RNA Extraction and Semiquantitative Reverse Tran-
scription-Polymerase Chain Reaction (RT-PCR). To determine
the temporal sequence of EGCG-activated p57/KIP2 and caspase 14
expression, total RNA samples were obtained from cells incubated
with 50 �M EGCG for 0, 0.5, 2, 6, 8, 12, 20, and 24 h. To determine
whether expression of p57/KIP2 in OSC2 cells up-regulated caspase
14 levels, total RNA was collected from five p57/KIP2-expressing
subclones (S1–S5) along with the parental cell line OSC2 and a
mock-transfected cell line G6. To determine whether p57/KIP2
mRNA was reduced by TGF-�1, an inhibitor of gene expression and
proteolytic degrader of p57/KIP2 (Urano et al., 1999, Nishimori et al.,
2001), the S subclones, along with the OSC2 and G6 cell lines, were
treated with 1 ng/ml TGF-�1 for 24 h followed by RNA preparation.
The mRNA species were analyzed by semiquantitative RT-PCR us-
ing primers specific for p57/KIP2, caspase 14, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as an internal control. Total
RNA was extracted using an RNeasy total RNA isolation system
(QIAGEN, Valencia, CA) and quantified using the Ribogreen Assay
(Molecular Probes, Eugene, OR). The extracted RNA (1 �g) was
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added to 20 �l of reverse transcription buffer and 2.5 U MuLV
reverse transcriptase (GeneAmp RNA PCR kit; Applied Biosystems,
Forest City, CA). This mixture was incubated at 42°C for 15 min and
at 99°C for 5 min. The primers for caspase 14 were designed accord-
ing to the GeneBank sequence for caspase 14 (accession no.
NM012114): sense, 5�-ATATGATATGTCAGGTGCCCG-3� and anti-
sense, 5�-TACCGTGGAATAAACGTGCAA-3�. The PCR was per-
formed with 20 �l of the cDNA preparation, which was added to a
reaction mixture containing 5 mM KCl, 10 mM Tris-HCl, pH 8.3, 2
mM MgCl2, 1 �M sense primer, 1 �M antisense primer, and 2.5 U
AmpliTaq DNA polymerase (PerkinElmer Optoelectronics, Fremont,
CA) in a total volume of 100 �l. The PCR reaction was performed in
a thermal cycler (GeneAmp PCR system 2400; PerkinElmer Opto-
electronics) with an initial cycle of 5 min denaturing at 96°C, 5 min
annealing at 60°C, and a 60-s extension at 72°C, followed by 25
cycles for NHEK samples (30 cycles for tumor cell samples) of 96°C
for 30 s, 60°C for 45 s, and 72°C for 90 s. A final extension was
performed at 72°C for 10 min. For p57 cDNA amplification, 25 cycles
of PCR were carried out for NHEK samples (30 cycles for tumor cell
samples) with 1.5 min denaturing, 0.75 min for annealing, and 1.5
min for extension, followed by the final 10 min extension at 72°C.
Primers for p57 were synthesized according to a published sequence
(Oya and Schulz, 2000) (sense, 5�-GCGGCGATCAAGAAGCTGTC-3�;
antisense, 5�-CCGGTTGCTGCTACATGAAC-3�). PCR products for
GAPDH (380 base pairs), p57 (269 base pairs), and caspase 14 (484
base pairs) were separated on a 2% agarose gel and visualized by
staining with ethidium bromide. For quantitative purposes, all sam-
ples were initially amplified for 20, 25, 30, and 35 cycles, producing
a linear response for selecting appropriate numbers of amplification
cycles for each set of samples. The PCR products were confirmed by
sequence analysis.

Western Blotting. To determine the changes in protein levels of
p57/KIP2 and caspase 14 upon activation by EGCG, cell lysates were
prepared from NHEK exposed to 50 �M EGCG for 0, 4, 6, 8, 12, 20,
and 24 h and analyzed by Western blot as described below. Cell
lysates were prepared by homogenization of cells collected by cen-
trifugation in radioimmunoprecipitation assay buffer containing
0.1% Triton X-100 and protease inhibitors (1 mM phenylmethylsul-
fonyl fluoride and 1 g/ml each of aprotinin, leupeptin, and pepstatin).
The homogenates were centrifuged at 2500g, and supernatants were
collected for protein determination (Bio-Rad protein assay; Bio-Rad,
Hercules, CA) and Western blot analysis. Equivalent amounts of
protein were mixed with 3� Laemmli sample buffer containing
�-mercaptoethanol, placed in a boiling water bath for 5 min, and
fractionated by SDS-polyacrylamide gel electrophoresis on 10% gels.
The proteins were transferred onto Immobilon-P membrane (Milli-
pore Corporation, Billerica, MA) and hybridized with antibodies
against p57 (1:250), caspase 14 (1:1000), and actin (1:1000). The
density of actin bands was used to normalize p57/KIP2 or caspase 14
expression. Detection of proteins was enhanced by chemilumines-
cence (ECL; Amersham Biosciences Inc., Piscataway, NJ).

Generation of OSC2 Subclones. Wild-type human p57/KIP2
cDNA (hKIP2) was kindly provided by Dr. Stephen Elledge (Baylor
College of Medicine, Houston, TX). The original p57 cDNA was
cloned into the EcoRI site of pBS KSII� (5�. . . EcoRI-hp57ORF-
EcoRI-PstI. . . 3�). The p57 cDNA was subcloned into the HindIII site
of the retroviral vector pLNCX2 (under control of the cytomegalovi-
rus promoter; BD Biosciences Clontech, Palo Alto, CA). The green
fluorescent protein (GFP) cDNA (BD Biosciences Clontech) was sub-
cloned into the HindIII site of the retroviral vector pLNCX2. The
recombinant retroviral particles were generated in RetroPack PT67
cells (BD Biosciences Clontech) by transfection and antibiotic G-418
selection. The transfected PT67 cells were cultured in standard
DMEM medium. The viral titer was determined according to the
manufacturer’s instruction. OSC2 cells were transfected by incuba-
tion for 24 h with the virus-containing DMEM medium removed from
PT67 culture. The p57/KIP2-expressing OSC2 subclones S1–S5 and

the GFP-expressing OSC2 subclone G6 were selected by 60 �g/ml
G-418.

MTT Assay. To assess the relationship between p57/KIP2 expres-
sion and the cellular response to EGCG, five retrovirus-transfected
p57/KIP2-expressing OSC2 subclones (S1–S5) were examined by
MTT assay to determine the changes in cell viability with EGCG
treatment in comparison with the parental cell line (OSC2) and
mock-transfected cell line G6 (OSC2 transfected with GFP cDNA)
(Hsu et al., 2003c). All cells were exposed to EGCG at 0, 50, 100, or
200 �M for 48 h prior to the assays. Cells (1 � 104) were seeded in
each well of a 96-well plate. Following treatment with EGCG, me-
dium was replaced with 100 �l of 2% MTT, and the plate was
incubated at 37°C for 30 min. One hundred microliters of a solution
containing 0.2 M Tris, pH 7.7, and 4% formalin were added to each
well. After incubation at room temperature for 5 min, liquid was
removed, and the wells were allowed to dry. Each well was rinsed
with 200 �l of deionized water followed by addition of 100 �l of
dimethyl sulfoxide (6.35% 0.1 N NaOH in dimethyl sulfoxide) to each
well. Colorimetric measurements were determined by a spectropho-
tometer at a 562-nm wavelength.

Cell Growth Assay. Growth assays were conducted in triplicate
on exponentially growing cells of OSC2, G6, and the S subclones in
complete DMEM/Ham’s F-12 medium. For each cell line, 1 � 104

cells were initially plated in six-cell culture dishes (6 cm in diameter)
at time 0. Cells were counted and assessed with a hemacytometer
and Trypan blue exclusion at 24 and 48 h, respectively.

Results
Caspase 14 Expression in EGCG-Treated NHEK. The

immunocytochemistry result demonstrated that caspase 14
protein was almost undetectable without EGCG exposure in
subconfluent control samples of NHEK (Fig. 1A). Cells incu-
bated with EGCG for 24 h showed large amounts of caspase
14 staining appearing to involve the cytosol and nuclei
(Fig. 1B).

Caspase 14 Expression in Normal and Psoriatic Skin.
The immunohistochemistry result showed that normal hu-
man epidermis exhibited minimal staining in the basal lay-
ers and intense homogeneous caspase 14 immunostaining in
the upper layers, including nuclear staining (Fig. 1C). In
contrast, the psoriasis samples showed a reduction in epider-
mal caspase 14 immunostaining, especially in the nuclei of
the upper layers (Fig. 1D).

EGCG-Modulated Expression of p57/KIP2 and Cas-
pase 14 in NHEK. In preconfluent NHEK culture, EGCG
induced p57/KIP2 expression at 2 h, but the largest amount
of p57/KIP2 mRNA (approximately 5-fold over the control,
normalized to GAPDH) was observed at 6 h, followed by a
gradual decline to approximately 3-fold over the control level
at 24 h (Fig. 2A). EGCG also increased caspase 14 mRNA
within 30 min (Fig. 2A). The RT-PCR products increased 14-
to 17-fold over the control level, normalized to GAPDH, from
0.5 to 8 h and climbed to 25-fold of control levels by 12 h
before declining to 18-fold over the control level at 24 h (Fig.
2A). The p57/KIP2 induction was transient since p57/KIP2
mRNA declined gradually after it peaked, whereas EGCG-
induced caspase 14 mRNA was persistent compared with
p57/KIP2 induction.

EGCG Modulated Protein Levels of p57/KIP2 and
Caspase 14 in NHEK. p57/KIP2 protein levels were signif-
icantly elevated at 4 h and peaked at 8 h, a 14-fold increase
relative to control levels normalized to actin (Fig. 2B). Levels
of p57/KIP2 protein remained relatively stable during the
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later hours and declined to approximately 7-fold of control
levels at 24 h. Protein levels of caspase 14 gradually in-
creased from 4 h and peaked at 20 h for an increase of 5-fold
compared with control, normalized to actin (Fig. 2B). EGCG-
induced p57/KIP2 protein accumulation was an earlier event
compared with that of caspase 14.

Effects of Retrovirus-Mediated p57/KIP2 Expression
on S Subclones in Response to EGCG. Subclones of OSC2

cells expressing either p57/KIP2 (S1–S5) or green fluorescent
protein (G6) were established and maintained in DMEM/
F-12 culture medium. OSC2 cells and G6 cells exhibited
similar degrees of dose-dependent loss of cell viability,
whereas p57/KIP2-expressing S1, S3, and S4 cells did not
exhibit cytotoxicity in response to 100 �M EGCG; S1–S4 cells
also showed a lower degree of cytotoxicity to 200 �M EGCG
than OSC2 and G6 cells (Fig. 3A). In fact, S1, S3, and S4 cells

Fig. 1. Caspase 14 expression in EGCG-
treated NHEK and normal versus psoriatic
human tissue samples. A, NHEK incubated
with KGM-2 for 24 h followed by caspase 14
immunostaining. B, NHEK incubated with
KGM-2 containing 50 �M EGCG for 24 h
prior to immunostaining for caspase 14. C
and D, representative normal and psoriatic
skin samples, respectively, immunostained
with anti-caspase 14 antibody.

Fig. 2. mRNA and protein levels of p57 and
caspase 14 in NHEK exposed to 50 �M EGCG
during a 24-h period. A, semiquantitative RT-
PCR conducted on total RNA samples collected
from NHEK treated with EGCG for the indicated
times. B, representative Western blot of EGCG-
treated NHEK protein samples using antibodies
against p57/KIP2, caspase 14, and actin. Bar
graphs represent the relative density of each
band normalized to internal controls (GAPDH
for RT-PCR, actin for Western blot). Experi-
ments were conducted three times with similar
results.
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treated with 100 �M EGCG exhibited increased viability
resembling that of aged NHEK exposed to EGCG (Hsu et al.,
2003a). The S5 cells were similar to OSC2 and G6 cells in
their response to EGCG exposure (Fig. 3A). However, S5 cells
exhibited a much lower proliferation rate; the cell number of
S5 did not increase during the 48-h period, whereas OSC2
and G6 cell numbers increased more than 3-fold. S1–S4 cells
exhibited reduced growth rates in comparison to the parental
cells or G6 cells, but greater rate than S5 cells (Fig. 3B).

p57/KIP2 Expression in OSC2 Cells Activated Ex-
pression of Caspase 14. The semiquantitative RT-PCR am-
plification of total RNA samples demonstrated that both
OSC2 and G6 cells expressed only minimal levels of p57/
KIP2 message, whereas S1, S2, S3, and S5 expressed higher
levels (approximately 200%) of p57/KIP2 message than OSC2
or G6, and S4 cells expressed considerable (approximately
150%) p57/KIP2 message (Fig. 4A). When caspase 14 mRNA
from these cell lines was amplified by semiquantitative RT-
PCR, OSC2 and G6 exhibited only background levels of
caspase 14 mRNA. In contrast, the S subclones expressed
higher levels of caspase 14 mRNA, indicating activation of
caspase 14 gene expression (Fig. 4A).

TGF-�1 Mediated Down-Regulation of p57/KIP2 and
Caspase 14 Expression in S1–S5 Cells. TGF-�1 is known
to induce the growth arrest of epidermal keratinocytes with-
out triggering differentiation, and in fact, treatment with
TGF-�1 inhibits keratinocyte differentiation (reviewed in Hu
et al., 1998). In comparison to the untreated cells, TGF-�1
treatment eliminated p57/KIP2 message in OSC2 and G6
cells within 24 h (Fig. 4B). The S clones also demonstrated
reduced p57/KIP2 mRNA upon TGF-�1 exposure. RT-PCR
showed that mRNA levels of caspase 14 were also signifi-
cantly decreased upon treatment with TGF-�1 (Fig. 4B).

Discussion
EGCG induces production of involucrin in epidermal ker-

atinocytes, an important protein in keratinocyte differentia-
tion (Balasubramanian et al., 2002). We previously demon-
strated that EGCG accelerated NHEK differentiation with
increased keratin 1 and filaggrin expression and activation of
transglutaminase (Hsu et al., 2003a). Here, we report that
EGCG induces caspase 14, a recently described putative reg-
ulator for keratinocyte terminal differentiation, within a
24-h period with evidence suggesting it may be induced in-
dependently by p57/KIP2, a well established regulator of cell
growth and differentiation (Figs. 1 and 2). We also found that
epidermal cells in psoriasis, a disease characterized by aber-
rant keratinization, exhibit reduced caspase 14 expression,
particularly in the nuclear regions of the cells (Fig. 1). This
observation provided an in vivo human correlate for the
relationship between caspase 14 expression and terminal
differentiation. Together with our in vitro data, this sug-
gested an alternative approach would be available to psoria-
sis treatment besides currently licensed modalities, most of
which are immunosuppressive with untoward side effects.
Collectively, the data demonstrate that ECGC enabled
NHEK to accelerate terminal differentiation, marked by a
coordinated activation and expression of p57/KIP2 and
caspase 14. Since caspase 14 is strictly associated with
NHEK terminal differentiation and skin barrier formation
(Mikolajczyk et al., 2004), we propose that EGCG directs
keratinocytes to enter a pathway leading to terminal differ-
entiation and accelerated skin barrier formation.

Our data suggest that the EGCG-induced differentiation
requires activation of both p57/KIP2 and caspase 14. The
mRNA levels of p57/KIP2 and caspase 14 in NHEK were
elevated by EGCG treatment (Fig. 2A). However, notable
differences in the times for protein peaks of p57/KIP2 (6 h)
versus caspase 14 (20 h) suggested significant p57/KIP2 pro-
tein accumulation prior to that of caspase 14. Conversely,
acute induction of caspase 14 mRNA by EGCG was observed
despite the delayed onset of caspase 14 protein accumulation
(Fig. 2). This delayed peak of caspase 14 protein may due to
the time required for post-transcriptional processing of pro-
caspase 14, which involves proteolytic cleavage and dimer-
ization (Mikolajczyk et al., 2004). In addition, p57/KIP2 was
able to induce caspase 14 independently. Retroviral expres-
sion of p57/KIP2 in OSC2 cells induced the endogenous tran-
scription of caspase 14 (Fig. 4A). This p57/KIP2 effect was
confirmed by pretreatment of S1–S5 cells with TGF-�1 to
inhibit p57/KIP2 gene expression, resulting in significant
reduction of caspase 14 (Fig. 4B). This result is consistent
with the ability of TGF-�1 to inhibit keratinocyte differenti-

Fig. 3. MTT cell viability and cell growth assays from OSC2 cell line and
its p57-expressing subclones. A, cell viability changes in p57/KIP2-ex-
pressing OSC2 subclones in response to EGCG treatment with data
presented as a percentage of control (untreated cells). Open bars repre-
sent samples treated with 50 �M EGCG, solid bars represent samples
treated with 100 �M EGCG, and striped bars represent samples treated
with 200 �M EGCG for 48 h. Experiments were conducted in triplicate;
error bars are standard deviations. Letters denote statistical groupings
(analysis of variance, Tukey, � � 0.05). B, rate of cell growth of OSC2 and
its p57/KIP2- or GFP-expressing subclones. Experiments were conducted
in triplicate; error bars are standard deviations.
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ation (Hu et al., 1998) and suggests that p57/KIP2, induced
by EGCG in NHEK, may serve as a regulator for caspase 14
expression. In addition, these results imply an integral rela-
tionship between p57/KIP2 and induction of keratinocyte
differentiation.

In contrast to NHEK, OSC2 cells, which express basal
levels of p57/KIP2 and caspase 14 (Fig. 4), undergo caspase
3-dependent apoptosis when exposed to EGCG (Hsu et al.,
2003b). However, when exogenous p57/KIP2 was expressed
by OSC2 cells (S-clones), cell growth was inhibited up to
100% (S5 cells, Fig. 3A). The S-clones exhibited different
degrees of resistance to EGCG-induced cytotoxicity with the
exception of S5 cells, which appeared to lose the ability to
repopulate (Fig. 3B). This failure of repopulation, possibly
due to the p57/KIP2 cDNA integration, might cause S5 cells
to be less viable in response to EGCG possibly due to induc-
tion of differentiation. S1–S4 cells exhibited slower growth
rates than OSC2 and G6 cells, suggesting that the expression
of exogenous p57/KIP2 resulted in different degrees of
growth inhibition, but these cell lines retained the ability to
repopulate (Fig. 3B). Although the tumor-specific toxic ef-
fects of EGCG were not completely prevented by p57/KIP2
expression in S-clones, a protective role of p57/KIP2 was
apparent. This is notable because OSC2 is a metastatic squa-
mous carcinoma line with mutated p53 and silenced p16
(Yoneda et al., 1999). As a member of the KIP/CIP family of

proteins involved in cell growth and differentiation (Lee et
al., 1995; Deschenes et al., 2001), p57/KIP2 may inhibit mi-
tochondrial-mediated apoptosis by blocking c-Jun N-terminal
kinase phosphorylation (Chang et al., 2003), as well as initi-
ation of terminal differentiation by inducing caspase 14.
Thus, the protective effect of p57/KIP2 on the S-clones could
be closely associated with a cell differentiation pathway. This
result is consistent with observations that p57/KIP2 also
plays a vital role in both cell differentiation and survival in
tissues other than the epidermis (Vattemi et al., 2000; De-
schenes et al., 2001). Thus, EGCG-induced p57/KIP2 expres-
sion may activate a pathway for cell differentiation.

Recent pathological studies demonstrated that tumor spec-
imens expressed reduced levels of p57/KIP2 protein com-
pared with paired normal tissues, and this reduced expres-
sion was often correlated with poor prognosis (Ito et al., 2001,
2002; Nakai et al., 2002), suggesting that the loss of p57/
KIP2 expression may contribute to the accelerated growth
rate of the more advanced tumors and decreased differenti-
ation. In addition, p57/KIP2 is known to bind to and assist
the nuclear translocation of LIM-kinase 1, a downstream
effecter of the Rho family of GTPases, resulting in the regu-
lation of actin (Yokoo et al., 2003). In this regard, nuclear
localization of caspase 14 was observed only in epidermal
keratinocytes committed to terminal differentiation, but not
in undifferentiated basal cells or psoriatic tissue samples.

Fig. 4. Changes in mRNA levels of p57 and
caspase 14 in OSC2 and its p57/KIP2- or
GFP-expressing subclones in the absence or
presence of 1 ng/ml TGF-�1. A, semiquanti-
tative RT-PCR performed on total RNA
samples collected from OSC2 cells and its
subclones in the absence of TGF-�1. B, semi-
quantitative RT-PCR performed on total
RNA samples collected from OSC2 cells and
its subclones in the presence of 1 ng/ml TGF-
�1. The RT-PCR products were collected after
30 cycles for caspase 14 and 25 cycles for
p57/KIP2. Bar graphs represent the relative
density of each band normalized to internal
controls (GAPDH). Experiments were con-
ducted three times with similar results.
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This evidence suggests that nuclear translocation of active
caspase 14 may guide the cells toward formation of the
anucleated stratum corneum. It remains unclear, however,
whether p57/KIP2 plays a role in nuclear translocation of
caspase 14. Future investigation to better understand the
effect of EGCG on epidermal cell modulation will involve the
use of animal models such as the “flaky” mouse model with
altered keratinization and eventually clinical studies with a
focus on treating skin disorders such as psoriasis or improv-
ing wound healing.
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