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Crude extract of Ceriporia lacerata has a protective effect
on dexamethasone-induced cytotoxicity in INS-1 cells
via the modulation of PI3K/PKB activity
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Abstract. Excessive and/or long-term glucocorticoid therapy
reduces P-cell mass and induces hyperglycemia, which
contribute to the development of steroid-induced diabetes.
Ceriporia (C.) lacerata is one of the white-rot fungi and has
been used in bioremediations, such as lignocellulose degrada-
tion, in nature. The pharmacologic effect of C. lacerata on
steroid-induced p-cell toxicity is not known. In this study,
we evaluated the effect of a crude extract from a submerged
cultivation of C. lacerata on the survival and apoptosis of
INS-1 rat insulin-secreting cells exposed to dexamethasone
(Dex), a synthetic diabetogenic glucocorticoid. Treatment
with the C. lacerata crude extract (CLCE) largely blocked
the Dex-induced reduction in survival and apoptosis of INS-1
cells. Moreover, CLCE treatment inhibited Dex-induced
protein kinase B (PKB) dephosphorylation without affecting
Dex-induced extracellular signal-regulated protein kinase-1/2
dephosphorylation and MKP-1 upregulation. Importantly,
the protective effect of CLCE on Dex-induced cytotoxicity
in INS-1 cells was attenuated by LY294002, an inhibitor
of PI3K/PKB. CLCE treatment, however, did not protect
the INS-1 cells from the cytotoxic effects triggered by other
insults, such as interleukin-1f (an inflammatory cytokine),
streptozotocin (a diabetogenic drug), thapsigargin (a calcium
mobilizing agent), and tunicamycin (an ER stress inducer).
Collectively, these findings demonstrate for the first time
the ability of CLCE to specifically protect INS-1 cells from
Dex-induced cytotoxicity through the modulation of the PI3K/
PKB pathway. It is suggested that CLCE may be applied for
the prevention and/or treatment of steroid diabetes in which
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reduction of B-cell survival and induction of B-cell apoptosis
play pathogenic roles.

Introduction

Glucocorticoids, due to their anti-inflammatory and immu-
nosuppressive activity, are widely used as therapeutic tools
for the treatment of many inflammatory and/or immune
diseases, including rheumatoid arthritis, organ transplanta-
tion, leukemia, multiple sclerosis or neurological disorders.
However, there is increasing evidence that glucocorticoid
therapy is associated with numerous toxic and/or side effects,
including steroid-induced diabetes (1,2). It has been demon-
strated that long-term and/or high-dose glucocorticoid therapy
induces hyperglycemia, in part, through the inhibition of
insulin synthesis and secretion, insulin resistance of periph-
eral tissues, and increased hepatic glucose production, which
may contribute to the incidence and/or development of steroid
diabetes (3,4). Considering that steroid diabetes is also linked
to steroid-induced f3-cell toxicity, research towards the better
understanding of the mechanisms underlying steroid-induced
B-cell toxicity and identification of new drugs or substances
that prevent and/or protect against steroid-induced B-cell
toxicity is critical.

Previous investigations have shown that dexamethasone
(Dex), a synthetic glucocorticoid, reduces the survival
and induces the apoptosis of thymocytes, leukemia and
insulin-secreting cells (5-9), and the effect is mediated through
the release of mitochondrial cytochrome c (5,6), the activation
of caspases and generation of reactive oxygen species (8), the
inhibition of nuclear factor-B (9,10), and/or the inhibition of
phosphorylation of insulin receptor substrate-2 and protein
kinase B (PKB) (11). A large body of evidence also demon-
strates that Dex treatment leads to alteration of the expression
and/or activities of many intracellular signaling proteins
(12-14), including mitogen-activated protein kinase (MAPK)
phosphatase-1 (MKP-1) and the family of MAPKs, which are
involved in gene expression, cell survival and/or apoptosis.
Notably, a recent study revealed that Dex treatment inhibited
the phosphorylation of extracellular signal-regulated protein
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kinase-1/2 (ERK-1/2), one member of the MAPK family, and
stimulated expression of MKP-1, contributing to a reduction
in pancreatic [3-cell proliferation in islets from early lactating
mothers (15). These results suggest that Dex-induced p-cell
toxicity may be attributed, to a small extent, to the ability
of Dex to modulate the expression and/or activities of these
signaling proteins.

White-rot fungi, including Ganoderma, have been used
for medicinal purposes for centuries in China, Japan and
Korea (16). Ceriporia (C.) lacerata is one of the white-rot
fungi and has been used in bioremediations in nature, such as
lignocellulose degradation (17). The pharmacological effect
of C. lacerata on steroid-induced B-cell toxicity is not known.
In this study, we evaluated the effect of a crude extract from
a submerged cultivation of C. lacerata on the survival and
apoptosis of INS-1 rat insulin-secreting cells treated with Dex.

Materials and methods

Materials. RPMI-1640 medium, heat-inactivated fetal bovine
serum (FBS) and penicillin-streptomycin were purchased
from WelGENE, Inc. (Daegu, Korea). Antibody against
procaspase-9 was purchased from Enzo Life Science,
Inc. (Farmingdale, NY, USA). Antibody against phospho-
eukaryotic initiation factor-2a (p-elF-2a) was purchased
from Epitomics (Burlingame, CA, USA). Antibodies against
X-linked apoptosis of protein (XIAP) and interleukin-1p
(IL-1PB) were purchased from R&D Systems (Minneapolis,
MN, USA). Antibodies against p-extracellular signal-regu-
lated protein kinase-1/2 (p-ERK-1/2), p-PKB, T-ERK-1/2 (total
ERK-1/2), T-PKB (total PKB) and T-eIF-2a (total eIF-2a)
were purchased from Cell Signaling Technology (Danvers,
MA, USA). Antibody against poly(ADP-ribose) polymerase
(PARP) was purchased from Roche Diagnostics (Mannheim,
Germany). LY294002 and streptozotocin (STZ) were
purchased from Biomol (Plymouth Meeting, PA, USA).
Antibodies against p-pancreatic endoplasmic reticulum kinase
(p-PERK), T-PERK (total PERK), activation of transcrip-
tion factor-6 (ATF-6), MKP-1, glucose-regulated protein 78
(GRP78), goat anti-rabbit immunoglobulin G-horseradish
peroxidase (IgG-HRP), and goat anti-mouse IgG-HRP
were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). Enzyme-linked chemiluminescence (ECL)
Western detection reagents were purchased from Thermo
Fisher Scientific (Waltham, MA, USA). Proteinase inhibitor
cocktail (100X) was purchased from Calbiochem (Madison,
WI, USA). Bradford reagent was purchased from Bio-Rad
(Hercules, CA, USA). Other reagents, including Dex, and the
actin antibody were purchased from Sigma (St. Louis, MO,
USA).

Preparation of a crude extract of C. lacerata (CLCE).
C. lacerata was initially grown on a potato dextrose agar
medium and was transferred to 50 ml of a seed culture (potato/
dextrose broth) medium (both were from Difco Laboratories,
Inc., Detroit, MI, USA) by punching out a portion (20 mm
diameter). Culture broth (~50 ml) was aseptically homog-
enized at 10,000 x g for 3 min and inoculated 2% (v/v) into a
culture medium with the following composition (g/1): glucose,
20; peptone, 2; yeast extract, 2; K,HPO,, 1; KH,PO,, 0.5;
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MgS0,,0.5. The pH value was adjusted to 5.0 before steriliza-
tion. The submerged culture was then carried out in a 5-liter
jar fermentor (Fermentec Co., Ltd., Cheongwon-gun, Korea)
containing 4 liters of the medium (at 300 x g,25°C) for 10 days.
The total culture broth cultivated for 10 days was lyophilized
and ground into powder. The powder (5 g), including myce-
lium, was added to distilled water (100 ml) and then shaken at
150 x g at 25°C for 6 h. Samples were centrifuged at 10,000 x g
for 20 min, and the resulting supernatant was filtered through
a Whatman filter paper no. 2 (Whatman International Ltd.,
Maidstone, UK). The culture filtrate was mixed with 4 volumes
of isopropyl alcohol, strirred vigorously and left overnight at
4°C, following centrifugation at 10,000 x g for 20 min. The
precipitate of the crude extract was lyophilized and the weight
was estimated.

Cell culture. INS-1 rat insulin-secreting cells were grown in
RPMI-1640 supplemented with 10% heat-inactivated FBS,
100 U/ml penicillin and 100 pg/ml streptomycin at 37°C under
a humidified condition in 95% air and 5% CO,.

Cell count analysis. INS-1 cells were seeded in 24-well plates
(1x10%/500 pl/well) overnight. INS-1 cells were then treated
without or with Dex in the presence or absence of CLCE plus
LY294002 for 24 h. Alternatively, INS-1 cells seeded in 24-well
plates (1x10%/500 ul/well) were treated for 24 h without or with
Dex in the absence or presence of CLCE (with no heating)
or heated CLCE (95°C, 1 h). The number of surviving cells,
which were not stained by trypan blue dye, was counted under
a microscope. Approximately, <100 cells were counted for the
analysis.

Measurement of DNA fragmentation. INS-1 cells were seeded
in 6-well plates at a density of 0.5x10° cells/well in a 2-ml
volume the day before drug treatment. INS-1 cells were treated
without or with Dex in the presence or absence of CLCE for
24 h. The conditioned cells were then harvested, washed, and
lysed in buffer [SO mM Tris (pH 8.0), 0.5% sarkosyl, 0.5 mg/ml
proteinase K and 1 mM EDTA] at 55°C for 3 h, followed by
addition of RNase A (0.5 ug/ml) and further incubation at
55°C for 18 h. The lysates were centrifuged at 10,000 x g for
20 min. The genomic DNA in the supernatant was extracted
with an equal volume of neutral phenol-chloroform-isoamyl
alcohol mixture (25:24:1), and analyzed by electrophoresis on
1.7% agarose gel. The DNA was visualized and photographed
under UV illumination after staining with ethidium bromide
(0.1 ug/ml).

Preparation of whole cell lysates. To measure the effects
of Dex and/or CLCE on the expression and/or activity of
cell growth-, stress- or apoptosis-related proteins, including
procaspase-9, PARP, MKP-1, PKB, ERK-1/2, PERK, elF-2a,
GRP78 and ATF-6, INS-1 cells were seeded in 6-well plates
(0.5x10%/2 ml/well) the day before drug treatment. INS-1
cells were then treated without or with Dex in the presence or
absence of CLCE for 2, 4 or 8 h. Each time, the conditioned
cells were washed twice with PBS and exposed to cell lysis
buffer [SO mM Tris-ClI (pH 7.4), 150 mM NaCl, 0.1% sodium
dodecyl sulfate, 0.25% sodium deoxycholate, 1% Triton X-100,
1% Nonidet P-40, 1 mM EDTA, 1 mM EGTA and proteinase
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inhibitor cocktail (1X)]. The cell lysates were collected in a
1.5-ml tube and centrifuged for 20 min at 4°C at 12,000 x g.
The supernatant was saved and protein concentrations were
determined using Bradford reagent.

Western blot analysis. Proteins (50 ug) were separated
by SDS-PAGE (10%) and transferred onto nitrocellulose
membranes (Millipore). The membranes were washed with
TBS (10 mM Tris, 150 mM NaCl) supplemented with 0.05%
(vol/vol) Tween-20 (TBST) followed by blocking with TBST
containing 5% (wt/vol) non-fat dried milk. The membranes
were incubated overnight with antibodies specific for MKP-1
(1:2,000), p-PKB (1:2,000), T-PKB (1:2,000), p-ERK-1/2
(1:2,000), T-ERK-1/2 (1:2,000), p-PERK (1:2,000), T-PERK
(1:2,000), p-elF-2a (1:2,000), T-elF-2a (1:2,000), GRP78
(1:2,000), procaspase-9 (1:2,000), PARP (1:2,000) or actin
(1:5,000) at 4°C. The membranes were then exposed to
secondary antibodies coupled to horseradish peroxidase for
2 h at room temperature. The membranes were washed three
times with TBST at room temperature. Immunoreactivities
were detected by ECL reagents. Equal protein loading was
assessed by the expression level of the actin protein.

Statistical analysis. Cell count analysis was carried out in
triplicates and repeated three times. Data are expressed as the
means + standard error (SE). The significance of difference
was determined by one-way ANOVA. All significance testing
was based on a P-value of <0.05.

Results

Treatment with C. lacerata crude extract suppresses the
Dex-induced reduction in the survival and apoptosis of
INS-1 cells. Initially, the effect of CLCE on the survival
of Dex-treated INS-1 cells was determined by cell count
analysis. Compared with the control (column 1), treatment
with Dex (100 nM, 24 h) largely reduced the survival of INS-1
cells (column 3) (Fig. 1A). However, treatment with CLCE at
5 or 10 ug/ml substantially blocked the reduction in INS-1
cell survival by Dex. Using a 10 pg/ml concentration, we
next investigated whether CLCE modulates the Dex-induced
apoptosis of INS-1 cells by measuring nuclear DNA frag-
mentation, an apoptotic marker. Compared with the control
(lane 1), Dex treatment induced nuclear DNA fragmentation
in INS-1 cells (lane 3) (Fig. 1B). However, CLCE treatment
largely suppressed the Dex-induced nuclear DNA fragmenta-
tion in INS-1 cells.

Dex treatment leads to MKP-1 upregulation and PKB and
ERK-1/2 dephosphorylation, but does not alter the expression
and/or activity of GRP78, ATF-6, PERK, elF-2a, caspase-9,
and PARP in INS-1 cells. To understand the molecular and
cellular mechanisms underlying Dex-induced INS-1 cytotox-
icity, the effect of Dex treatment at early time points (2, 4 or
8 h) on the expression and/or activity of growth-, stress- and
apoptosis-related proteins, including MKP-1, PKB, MKP-1,
ERK-1/2, caspases, GRP78, PERK, elF-2a and ATF-6, in
INS-1 cells was investigated by western blot analysis. In
INS-1 cells, Dex treatment at 2 h led to a strong upregula-
tion of MKP-1 protein and the MKP-1 upregulation was
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Figure 1. Effects of the C. lacerata crude extract (CLCE) on the Dex-induced
reduction in survival and apoptosis in INS-1 cells. (A) INS-1 cells were pre-
treated without or with CLCE (5 or 10 yg/ml) for 1 h and treated without or
with Dex (100 nM) in the absence or presence of CLCE for an additional
24 h. The number of surviving INS-1 cells was then counted under a micro-
scope. Data are the means + SE of three independent experiments. "P<0.05,
compared to control value (no Dex). “P<0.05, compared to the value for Dex
treatment without CLCE. (B) INS-1 cells were pretreated without or with
CLCE (10 pg/ml) for 1 h and treated without or with Dex (100 nM) in the
absence or presence of CLCE (10 xg/ml) for an additional 24 h. Extranuclear
fragmented DNA from the conditioned cells was then extracted and analyzed
on a 1.7% agarose gel. The image is a representative of three independent
experiments.

maintained until 8 h (Fig. 2). Dex treatment at 2 h, however,
did not affect PKB phosphorylation, but there was a strong
and sustained repression of PKB phosphorylation thereafter.
Strong and sustained ERK-1/2 dephosphorylation by Dex
treatment at the times tested was also noted. However, expres-
sion of total PKB and ERK-1/2 remained unchanged by Dex
treatment at the times applied. The expression of not only
GRP78 and ATF-6 but also the phosphorylation of PERK and
elF-2a, four well-known ER stress markers, were not largely
altered by Dex treatment at the times applied. Dex treatment
also did not affect the expression of the inactive proform of
caspase-9 (procaspase-9) and PARP. Expression of control
actin remained constant during Dex treatment at the times
applied.

CLCE specifically blocks the Dex-induced PKB dephos-
phorylation in INS-1 cells. We next determined the effect of
CLCE on the Dex-mediated induction of MKP-1 expression
and dephosphorylation of PKB and ERK-1/2 in INS-1 cells.
For this, INS-1 cells were pretreated without or with CLCE
for 1 h and then treated without or with Dex in the absence or
presence of CLCE for an additional 4 h, followed by measure-
ment of the expression and/or phosphorylation of MKP-1, PKB
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Figure 2. Effects of Dex on the expression and/or activities of MKP-1, PKB,
ERK-1/2, GRP78, ATF-6, PERK, elF-2a, procaspase-9 and PARP in INS-1
cells. INS-1 cells were treated without or with Dex (100 nM) for the indi-
cated times. At each time, whole cell lysates were prepared and analyzed
by western blot analysis using the respective antibody. Alternatively, the
immunoblotting used for measuring phospho-protein was further stripped
and reprobed with the antibody which recognizes total expression levels
of the protein. The image is a representative of three independent experi-
ments. p-PKB, phosphorylated PKB; p-ERK-1/2, phosphorylated ERK-1/2;
T-ERK-1/2, total ERK-1/2; p-PERK, phosphorylated PERK; p-elF-2a,
phosphorylated elF-2a.

and ERK-1/2 in the conditioned cells. CLCE treatment did
not interfere with the Dex-induced MKP-1 upregulation and
ERK-1/2 dephosphorylation, but attenuated the effect of Dex
on PKB dephosphorylation (Fig. 3). Expression of actin, total
ERK-1/2 and PKB remained constant following treatment
with Dex and/or CLCE.

Protective effect of CLCE on the Dex-induced INS-1 cyto-
toxicity is attenuated by LY294002. We next investigated
the enhanced PKB phosphorylation regarding the protective
effect of CLCE on the Dex-induced cytotoxicity to INS-1 cells
using LY294002, a pharmacological inhibitor of PI3K/PKB.
INS-1 cells were pretreated without or with LY294002 for
1 h and treated without or with Dex in the absence or pres-
ence of CLCE for an additional 24 h, following measurement
of the number of surviving cells by cell count analysis. As
anticipated, single treatment with Dex largely reduced the
survival of INS-1 cells (column 5) compared with the control
(column 1) (Fig. 4). Of note, treatment with LY294002 alone
slightly decreased the survival of INS-1 cells (column 3) and
co-treatment with Dex and LY294002 resulted in a more
repressive effect on the INS-1 cell survival (column 7) than
Dex treatment alone (column 5), suggesting that the necessity
of endogenous PI3K/PKB expression and/or activity for the
survival of INS-1 cells. Notably, the protective effect of CLCE
on the Dex-induced cytotoxicity of INS-1 cells was not evident
in the presence of LY294002.
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Figure 3. Effects of CLCE on the Dex-induced MKP-1 upregulation and
PKB and ERK-1/2 dephosphorylations in INS-1 cells. INS-1 cells were
pretreated without or with CLCE (10 pg/ml) for 1 h and treated without
or with Dex (100 nM) in the absence or presence of CLCE for additional
4 h. Whole cell lysates were then prepared, and analyzed by western blot
analysis using respective antibody. Alternatively, the immunoblot used for
measuring phospho-protein was further stripped and reprobed with anti-
body which recognizes total expression levels of the protein. The image is
a representative of three independent experiments. p-ERK-1/2, phosphory-
lated ERK-1/2; T-ERK-1/2, total ERK-1/2; p-PKB, phosphorylated PKB;
T-PKB, total PKB.
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Figure 4. Attenuation of the protective effect of CLCE on the Dex-induced
INS-1 cytotoxicity by LY294002 in INS-1 cells. INS-1 cells were pretreated
without or with CLCE (10 pg/ml) and/or LY294002 (25 uM), a PI3K/PKB
inhibitor for 1 h and treated without or with Dex (100 nM) in the absence or
presence of CLCE and/or LY294002 for an additional 24 h. The number of
surviving INS-1 cells was then counted under a microscope. Data are the
means = SE of three independent experiments. "P<0.05, compared to control
value (no Dex, CLCE or LY294002). “P<0.05, compared to the value for Dex
treatment without CLCE or LY294002.

CLCE does not protect INS-1 cells against the cytotoxicity
induced by IL-1f, streptozotocin, thapsigargin or tunica-
mycin. To ascertain specificity, we next investigated the effect
of CLCE on the cytotoxicity to INS-1 cells triggered by other
insults, such as interleukin-1p (IL-1f3, an inflammatory cyto-
kine), streptozotocin (STZ, a diabetogenic durg), thapsigargin
(TG, a calcium mobilizing agent and an ER stress inducer),
and tunicamycin (TN, a protein N-glycosylation inhibitor
and an ER stress inducer). Treatment with IL-1p, STZ, TG or
TN strongly reduced the survival of INS-1 cells (Fig. 5A-D).
CLCE treatment, however, did not block the IL-1p3-, STZ-,
TG- or TN-induced cytotoxic effect in INS-1 cells; rather
CLCE treatment appeared to slightly enhance the IL-13- or
TN-induced INS-1 cytotoxicity.
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Figure 5. Effects of CLCE on the cytotoxicity to INS-1 cells triggered by other insults. INS-1 cells were pretreated without or with CLCE (10 ug/ml) for 1 h
and treated without or with (A) IL-1f (1 ng/ml), (B) STZ (5§ mM), (C) TG (200 nM) or (D) TN (1 ug/ml) for additional 24 h. The number of surviving INS-1
cells was then counted under a microscope. Data are the means + SE of three independent experiments. “P<0.05 compared to control value (no IL-1f, STZ, TG
or TN). “P<0.05, compared to the value for each drug treatment without CLCE. IL-1f, interleukin-1p; STZ, streptozotocin; TG, thapsigargin; TN, tunicamycin.

Discussion

Evidence suggests that excessive and/or long-term glucocorti-
coid therapy reduces [3-cell mass in association with inhibition
of B-cell survival and/or induction of B-cell apoptosis, which
may lead to steroid diabetes. In the present study, we evaluated
the effect of a crude extract from C. lacerata on the survival
and apoptosis of INS-1 insulin-secreting cells in response to
Dex exposure. Our data showed that CLCE has a protective
effect on Dex-induced INS-1 cytotoxicity through the modula-
tion of the PI3K/PKB pathway.

Through initial experiments, we demonstrated that CLCE
largely blocks the Dex-induced decrease in the survival of
INS-1 cells (Fig. 1A). Cells undergoing apoptosis have distinct
biochemical and morphological characteristics, including
nuclear DNA fragmentation (18,19). In our experimental condi-
tions, Dex treatment induced nuclear DNA fragmentation in
the INS-1 cells (Fig. 1B), suggesting the Dex-induced apoptosis
of INS-1 cells. However, the Dex-induced apoptosis of INS-1
cells was strongly suppressed by CLCE, indicating that CLCE
inhibits the Dex-induced apoptotic death of INS-1 cells.

Survival and/or apoptosis of cells, including INS-1, is
largely influenced by the expression and/or activities of
many intracellular signaling proteins, including PI3K, PKB
(also known as Akt) and ERK-1/2. For instance, numerous
studies have highlighted the role of PI3K, which catalyzes
the production of phosphatidylinositol-3.,4,5-trisphosphate, in
cell survival pathways (20). The positive relationship between
activation of PKB, a known major downstream target of PI3K,
and cell survival has also been reported (21). There is further
evidence that the activation of PKB signaling is critical for the
regulation of B-cell mass and function in response to growth
factors, incretins, and nutrients (glucose, amino acids) (22-24),

and mediates anti-apoptotic effects induced by glucose,
glucagon-like peptide-1, insulin-like growth factor-1, and
insulin in B-cells (23-27), as well as protects -cells against
fatty acid-induced apoptosis (28). A role of ERK-1/2 in the
quercetin-mediated protection of INS-1 cells from oxidative
damage triggered by hydrogen peroxide (H,0,) has been
previously shown (29). In numerous studies, glucocorticoids
are shown to stimulate expression of MKP-1, which results
in inhibition of the phosphorylation of numerous substrate
proteins, including ERK-1/2 and p38 MAPK, which impair
proliferation in human and mouse osteoblast cell lines (30-32).
In line with this, a previous study found that Dex induced
apoptosis of INS-1 cells by inhibiting phosphorylation of
PKB and ERK-1/2 (11). Supporting these previous findings,
we herein showed the ability of Dex to inhibit phosphoryla-
tion of PKB and ERK-1/2 but to induce expression of MKP-1
(Fig. 2). An important finding in this study is that CLCE
blocked Dex-induced PKB dephosphorylation but did not
interfere with the Dex-induced ERK-1/2 dephosphorylation
and MKP-1 expression in INS-1 cells (Fig. 3), indicating that
CLCE has the specific ability to restore (enhance) PKB phos-
phorylation in Dex-treated INS-1 cells. Of further importance,
the present study showed that the protective effect of CLCE
on Dex-induced INS-1 cytotoxicity was largely attributed to
CLCE's restorative activity of PI3K/PKB, as deduced from
the strong attenuation of the protective effect of CLCE by
LY294002, a PI3K/PKB inhibitor (Fig. 4). The mechanism
by which CLCE restores PKB phosphorylation in Dex-treated
INS-1 cells remains uncertain. However, considering no
effect of CLCE on the Dex-induced MKP-1 expression in
INS-1 cells (Fig. 3), it is unlikely that the restorative effect of
CLCE on PKB phosphorylation in the Dex-treated INS-1 cells
was the MKP-1-dependent. Recent studies have shown that
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inhibition of PKB phosphorylation is linked to the action of
protein phosphatase-2A (PP-2A) (33) or the dephosphoryla-
tion of PIP3 molecules by the lipid phosphatase PTEN (34).
Moreover, there are several lines of evidence that Dex treat-
ment increases the activity of PP-2B, also called calcineurin
(35), and treatment with the calcineurin inhibitor, FK506 or
deltamethrin, attenuates Dex-induced apoptosis in INS-1 cells
(36). It will be important to ascertain, in future experiments,
whether CLCE modulates the expression (activity) of PP-2A,
PP-2B and/or PTEN in Dex-treated INS-1 cells and whether
treatment with pharmacological inhibitor or siRNA of PP-2A,
PP-2B and/or PTEN alters the restorative effect of CLCE on
PKB phosphorylation and/or the protective effect of CLCE on
the apoptosis of INS-1 cells induced by Dex.

Induction of apoptosis is also closely linked to activation
of caspases, a group of essential proteases required for the
execution of cell death by apoptotic stimuli (37). In resting
cells, caspases are synthesized as zymogens (inactive precur-
sors), but upon exposure to apoptotic stimuli, they become
processed via partial proteolytic cleavage and are activated in
cells. Active caspase cleaves many cellular proteins, including
PARP, protein kinase C-9, and other vital proteins, leading to
induction/execution of apoptosis (38,39). The Dex-mediated
apoptotic cell death through the activation of the mitochon-
drial apoptotic pathway was previously revealed (5,6,40). A
recent study also demonstrated that in INS-1 cells Dex induced
apoptosis through the activation of caspase-3, downregula-
tion of Bcl-2, dephosphorylation of BAD and mitochondrial
depolarization (36), which further points to involvement of the
mitochondrial-mediated activation of the caspase pathway in
Dex-induced apoptosis in INS-1 cells. However, the present
study, based on the fact that Dex treatment did not trigger acti-
vation of the caspase pathway in INS-1 cells (Fig. 2), excludes
the possibility of involvement of the caspase pathway in the
Dex-induced apoptosis of INS-1 cells. Differential effects of
the caspase pathway on the Dex-induced apoptosis of INS-1
cells in the previous and present studies may be due to the
different experimental conditions used (the treatment time of
Dex: 48 vs. 2-8 h). Pancreatic p-cells have a well-developed
ER and express high amounts of chaperones and protein
disulfide isomerases to meet the high demand for translation
of many proteins. There is strong evidence that excessive or
severe ER stress in (-cells is linked to the development of
diabetes (41) and also diabetes is a disease of ER stress (42).
In general, cells undergoing ER stress display many cellular
alterations, including upregulation of molecular chaperones
(GRP78) (43), reduction of p90ATF-6 (44), and phosphoryla-
tion of elF-2a (45). Thus, assuming that Dex treatment for 2
or 8 h does not change the expression and/or activities of ER
stress markers, GRP78, ATF-6, PERK and elF-2a, in INS-1
cells herein (Fig. 2), it is unlikely that Dex induces ER stress in
INS-1 cells and that ER stress plays a role in the Dex-induced
INS-1 cytotoxicity.

Evidence suggests that mushrooms have anti-diabetogenic
properties (46,47). It has also been suggested that polysaccha-
rides are the best known and most potent mushroom-derived
substances with antidiabetes and antitumor activities (48,49).
However, a recent study concerning ternatin, a highly
methylated cyclic heptapeptide isolated from the mushroom
Coriolus versicolor, was found to inhibit hyperglycemia
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(50) suggesting the anti-diabetogenic activity by mushroom
peptides. In the present study, we know through phenol-sulfuric
acid and bicinchoninic acid methods that the major components
in CLCE are exopolysaccharides (EPS) and proteins, and the
amount of EPS and proteins is ~50:50% (data not shown). It is
therefore conceivable that the protective effect of CLCE herein
is closely associated with the components of EPS and proteins
(or peptides) in CLCE. Not only further fractionation of each
component (EPS, proteins, and/or EPS-protein complex) in
CLCE but also further biochemical characterization of the
action mechanism by which each component mediates the
protective effect of CLCE on Dex-induced INS-1 cytotoxicity
warrant future study.

In addition to glucocorticoids, there are other diabetogenic
factors that lead to type 1 and/or 2 diabetes. For instance, the
inflammatory cytokines, including IL-1p, are well-known
inducers of type 1 diabetes, and high levels of IL-1f are
detected in newly diagnosed type 1 diabetic patients (51,52).
Numerous studies have also shown that STZ, which is an
antibiotic originally isolated from Streptomyces achromo-
genes and an N-acetyl-glucosamine analog, is cytotoxic to
pancreatic B-cells after being transported through glucose
transporter 2 (53) and is used to generate type 1 diabetes
model animals (54). Recently, the stimulation of islet cell and/
or B-cell apoptosis by classic ER stress inducers, such as TG, a
pharmacological inhibitor of SERCA pumps that depletes ER
calcium levels, or TN, an inhibitor of protein N-glycosylation,
has been reported (55-57). In the present study, treatment of
INS-1 cells with IL-1f, STZ, TG or TN strongly reduced the
survival of INS-1 cells (Fig. 5A-D), suggesting that they all
have a cytotoxic effect on INS-1 cells. However, we demon-
strated that CLCE did not protect INS-1 cells from IL-1{-,
STZ-, TG- or TN-induced cytotoxicity. These results strongly
suggest that CLCE may have a unique ability to protect INS-1
cells against the cytotoxicity induced by Dex.

In conclusion, we demonstrated for the first time that
CLCE has a protective effect on Dex-induced INS-1 cytotox-
icity, and the effect is mediated through the modulation of the
PI3K/PKB pathway. The findings presented herein may shed
light on the possibility of applying CLCE, as a single and/or
combinatorial regimen with other anti-diabetes therapies, for
the prevention and/or treatment of steroid diabetes in which
reduction of B-cell survival and induction of B-cell apoptosis
play pathogenic roles.
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