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by upregulation of cFLIP
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Abstract

Dexamethasone (DEX) pretreatment protected hepatocytes
from TNF-« plus actinomycin D (ActD)-induced apoptosis by
suppressing caspase-8 activation and the mitochondria-
dependent apoptosis pathway. DEX treatment upregulated
cellular FLICE inhibitory protein (cFLIP) expression, but did
not alter the protein levels of Bcl-2, Bel-xL, Mcl-1, and clAP
as well as Akt activation. The increased cFLIP mRNA level by
DEX was inhibited by ActD, indicating that DEX upregulates
cFLIP expression at the transcriptional step. DEX also
inhibited Jo2-mediated hepatocyte apoptosis by blocking
the formation of the death-inducing signaling complex and
caspase-8 activation. Specific downregulation of cFLIP
expression using siRNA reversed the antiapoptotic effect
of DEX by increasing caspase-8 activation. Moreover, DEX
administration into mice increased cFLIP expression in the
liver and prevented Jo2-induced hepatic injury by inhibiting
caspase-8 and -3 activities. Our results indicate that DEX
exerts a protective role in death receptor-induced in vitro
and in vivo hepatocyte apoptosis by upregulating cFLIP
expression.
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Introduction

Apoptosis, known as programmed cell death, is a cellular
self-destruction mechanism involved in a variety of biological
events such as developmental remodeling, tissue homeo-
stasis, and the removal of unwanted cells in most living tissues,
including the mammalian liver. Similar to other organs,
apoptosis plays a role in the pathogenesis of fulminant hepatic
failure, hepatitis, organ dysfunction after liver transplantation,
and liver ischemia/reperfusion injury.! Hepatocyte apoptosis
can be initiated by exposure to toxic substances or ligation of
members of the death receptor family including tumor necrosis
factor-alpha (TNF-a) receptor (TNF-R) and Fas.2

Activation of TNF-R and Fas elicits the recruitment of a
cellular adaptor protein, Fas-associated death domain-con-
taining protein (FADD), to the intracellular death domain of the
activated receptors.® FADD also recruits procaspase-8 and
forms the death-inducing signaling complex (DISC), leading
to the activation of procaspase-8 by proteolytic processing.
Active caspase-8 cleaves p22 Bid at Asp®® into the truncated
p15, which translocates into the mitochondrial membrane
and induces cytochrome c release. The accumulation of
cytochrome c¢ in the cytosol results in the formation of the
apoptosome via interaction with Apaf-1, procaspase-9, and
dATP and leads to caspase-9 activation. Activated caspase-9
subsequently activates the executioner proteases including
caspase-3, which in turn liberates a DNase termed CAD
(caspase-activated DNase) from an inhibitor of CAD (ICAD/
DFF-45) by cleaving the ICAD protein.* This process leads to
DNA degradation, a hallmark event in apoptosis.

Dexamethasone (DEX), a synthetic glucocorticoid, has
been used as a potent immunesuppressive therapeutic
agent for several inflammatory diseases, as it suppresses
the expression of inflammatory genes including TNF-«, cyclo-
oxygenase-2, and inducible nitric oxide synthase via the
inhibition of NF-xB activation.® Furthermore, DEX has been
shown to either inhibit apoptosis in some cells such as
human neutrophils,® tumor cells,” and primary human and
rat hepatocytes® or induce apoptosis in others including
thymocytes and lymphocytes.®>'® The antiapoptotic effect
by DEX is regulated by several sets of genes, the best
characterized of which are the Bcl-2 family such as Bcl-2 and
Bcl-xL, which prevent spontaneous apoptosis of cultured
primary hepatocytes.'" It is also known that DEX abolishes
TNF-a-induced cytoxicity of several tumor cell lines via



inhibition of phospholipase A, activity.'>'® However, the
mechanism behind the antiapoptotic effects of DEX has rarely
been investigated in death receptor-mediated hepatocyte
apoptosis.

We here determined the molecular mechanism by which
DEX protects human and rat hepatocytes from death
receptor-mediated apoptosis. We found that DEX inhibits
apoptosis in vivo and in vitro by increasing the expression
of the antiapoptotic protein cFLIP (cellular FLICE inhibitory
protein) and by subsequently inhibiting caspase-8 activation.
These results suggest that DEX prevents the extensive
hepatocellular injury of fulminant hepatic failure induced by
cytotoxic cytokines such as TNF-« and anti-Fas antibody.

Results

Pretreatment with DEX prevents primary cultured
rat hepatocytes from TNF-« + ActD-induced
apoptotic cell death

TNF-o rapidly induces hepatocyte apoptotic cell death in the
presence of the transcriptional inhibitor ActD.' It has been
also shown that DEX suppresses spontaneous apoptosis in
primary cultured hepatocytes.“ To investigate its antiapopto-
tic signaling mechanism in TNF-« + ActD-induced hepatocyte
apoptosis, we first established the optimal concentration for

Antiapoptotic effect of DEX on hepatocytes
H-Y Oh et a/

the inhibition of apoptosis by pretreatment with DEX for 6 h.
When incubated with cells in the presence of TNF-« + ActD,
DEX pretreatment suppressed apoptotic cell death in a dose-
dependent manner as determined by morphologic changes
(Figure 1A), DNA fragmentation (Figure 1B), and crystal violet
staining (Figure 1C). The maximal inhibition was observed
at 5uM of DEX. As our previous study illustrated,'® the
pan-caspase inhibitor Z-VAD-fmk completely suppressed
TNF-o + ActD-induced hepatocyte apoptosis (Figure 1C). To
examine whether the antiapoptotic effect of DEX is specific
to rat hepatocytes or is more general in affecting hepatocyte
survival in other species as well, we performed similar
experiments using primary cultures of human hepatocytes.
Based on cell viability, treatment with increasing con-
centrations of DEX protected human hepatocytes from
TNF-o + ActD-induced apoptosis in a similar fashion to that
observed in rat hepatocytes (Figure 1D). Furthermore, we
also observed a similar antiapoptotic effect of DEX in primary
cultured mouse hepatocytes (data not shown).

DEX pretreatment prevents TNF-« + ActD-induced
caspase-3 activation

We next examined the effects of pre- and post-treated
DEX on TNF-a+ ActD-induced rat hepatocyte apoptosis.
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Figure 1

DEX prevents rat and human primary hepatocytes from TNF-« + ActD-induced apoptosis. Primary rat hepatocytes were treated with or without 2000 U/ml

TNF-o plus 0.2 uug/ml of ActD (TNF-o 4 ActD) for 12 h following pretreatment with the indicated concentrations of DEX for 6 h. Z-VAD-fmk (100 M) was cotreated with
TNF-o. + ActD. (A) Phase-contrast photomicrographs showing cellular morphology of rat hepatocytes; (a) control, (b) TNF-o + ActD, (c) TNF-a + ActD plus 0.1 uM

DEX, (d) TNF-o + ActD plus 1 uM DEX, (e) TNF-o + ActD plus 5 uM DEX, and (f) TNF-o + ActD plus 100 uM Z-VAD-fmk. (B) DNA fragmentation was analyzed by
agarose gel electrophoresis after genomic DNA was isolated from rat hepatocytes treated with TNF-o 4 ActD in the presence or absence of DEX or Z-VAD-fmk. (C) Rat

hepatocyte viability was measured by crystal violet staining. (D) Primary human hepatocytes were treated with TNF-a 4- ActD in the presence or absence of the indicated
concentrations of DEX. After 12 h, cell viability was measured by crystal violet staining. Data shown in (C) and (D) are the mean +S.D. (n>3)
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Figure 2 Pretreatment, but not post-treatment, with DEX inhibits TNF-o 4+ ActD-induced apoptosis and caspase-3 activation. Rat hepatocytes were incubated with
TNF-o. + ActD before or after treatment with 5 uM DEX. (a) After 12 h incubation, cell viability was measured by crystal violet staining. (b) After 6 h incubation, cells were
collected and cell lysates were prepared by three cycles of freeze and thaw. Caspase-3 activation was determined by Western blot analysis. (c) Casapase-3-like enzyme
(DEVDase) activity was determined using a colorimetric assay with Ac-DEVD-pNA as substrate. (d) PARP cleavage was determined by immunoblotting analysis. Data

shown in (a) and (b) are the mean+S.D. (n=23)

Pretreatment with DEX for 6-18h effectively protected
hepatocytes from TNF-o + ActD-induced apoptotic cell death,
and this protective effect was gradually decreased by
reducing the pretreated time period from 6 to 2h, whereas
no protective effect was observed when DEX was simulta-
neously treated or post-treated with TNF-a+ ActD
(Figure 2a). We have previously demonstrated that cas-
pase-3 is activated in hepatocytes challenged with TNF-
o+ ActD and that caspase activation is required for hepato-
cyte apoptosis in response to this proapoptotic stimulus.'® To
examine whether pretreated DEX suppressed hepatocyte
apoptosis by inhibiting activation of the caspase cascade, we
evaluated caspase-3 activation and activity in cells exposed to
TNF-o + ActD following pretreatment with DEX as determined
by immunoblotting analysis and colorimetric assay with Ac-
DEVD-pNA. Pretreatment with DEX for 6 h inhibited caspase-
3 activation and activity in TNF-o + ActD-treated hepatocytes,
and this inhibition was decreased in an inverse time-
dependent manner (Figure 2b and c¢). Moreover, concomitant
and post-treatment of cells with DEX resulted in no significant
inhibition of caspase-3 activation and activity. One of the
established substrates for caspase-3 protease in cells is
poly(ADP-ribose) polymerase (PARP), which is cleaved from
a 116 kDa intact protein into 85 and 31 kDa fragments during
apoptosis.'”” The cleaved product (85kDa) of PARP was
detected in the lysate of TNF-o + ActD-treated hepatocytes by
Western blot (Figure 2d). PARP cleavage was almost
completely inhibited by DEX pretreatment for 6h, and this
inhibition was gradually reversed by decreasing the time
period of DEX pretreatment. Together, these findings indicate
that DEX pretreatment suppresses TNF-o + ActD-induced
apoptosis at a site upstream of caspase-3 activation.

Cell Death and Differentiation

DEX pretreatment prevents TNF-« + ActD-induced
caspase-8 and -9 activation and cytochrome c release

Since caspase-3 can be activated by proteolytic activation of
caspase-9 following the formation of the cytoplasmic apopto-
some by the interaction of procaspase-9, cytosolic cytochrome c,
Apaf-1, and dATP,"'® we examined the effect of DEX pretreat-
ment on caspase-9 activity and mitochondrial cytochrome ¢
release. DEX pretreatment significantly inhibited caspase-9
activity and the redistribution of mitochondrial cytochrome ¢
to the cytosol compared with control (Figure 3a and b), which
are closely correlated with its inhibitory effects on caspase-3
activation and activity (Figure 2b and c). Mitochondrial cyto-
chrome c¢ release during apoptosis induced by cytotoxic
cytokines including TNF-a is believed to be induced by
caspase-8-dependent cleavage of cytosolic p22 Bid into the
p15 fragment, which translocates into the mitochondrial mem-
brane and induces cytochrome c release.'® We next tested
whether DEX pretreatment inhibits caspase-8 activation/activity
and Bid cleavage. As shown in Figure 3c and d, caspase-8
activation/activity and Bid cleavage were markedly increased in
cytosolic extracts from hepatocytes treated with TNF-o 4 ActD,
and these biochemical events were significantly inhibited by
pretreatment with DEX. These results indicate that pretreatment
with DEX interferes with the death signal pathway via the
suppression of caspase-8 activation induced by TNF-x + ActD.

DEX does not protect against non-death
receptor-mediated hepatocyte apoptosis

Since caspase-8 activation and Bid cleavage are key events
in death receptor-mediated apoptosis, we next examined
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Figure3 Pretreatment with DEX inhibits TNF-o 4 ActD-induced cytochrome crelease, activation of caspase-8, and Bid cleavage. Hepatocytes were treated with TNF-
o + ActD following pretreatment with DEX for the indicated time periods. After 6 h, cells were collected and cytosolic fractions and cell lysates were prepared. (a)
Caspase-9-like enzyme (LEHDase) activity was measured in the cell lysates by colorimetric assays using the chromogenic substrate 200 uM Ac-LEHD-pNA. (b)
Cytochrome c release from mitochondria was determined in the cytosolic fractions by Western blot analysis. (¢) Caspase-8 activation and activity (IETDase) were
determined in the cell lysates by immunoblotting and colorimetric assays with Ac-IETD-pNA as substrate, respectively. (d) Bid cleavage was determined by Western blot

analysis. Data shown for caspase activities are the mean+S.D. (n=3)

whether DEX could protect hepatocytes from non-death
receptor-mediated apoptosis. Hepatocytes were incubated
with the proapoptotic drugs cisplatin and staurosporine for
18h following pretreatment with or without DEX, and cell
viability was determined. These proapoptotic drugs effectively
induced hepatocyte apoptosis in nonpretreated cells, which
is comparable to that induced by TNF-o+ ActD, and the
apoptotic effects of these drugs were not significantly
prevented by DEX pretreatment (Figure 4a). Cisplatin and
staurosporine significantly increased DEVDase (caspase-3-
like enzyme) activity in control hepatocytes, and this drug-
mediated increase in DEVDase activity was not significantly
inhibited by DEX pretreatment (Figure 4b). However, these
drugs did not increase IETDase (caspase-8-like enzyme)
activity, which is an apical signaling mediator in the death
receptor-mediated apoptosis pathway, in both control and
DEX-pretreated cells (Figure 4c). These results suggest that
DEX pretreatment exerts a protective effect on death
receptor-mediated apoptosis, but does not significantly inhibit
nonreceptor-mediated cell death.

DEX increases cFLIP expression by transcriptional
activation
Antiapoptotic Bcl-2 family proteins such as Bcl-2 and Bcl-xL,

clAP, and the activation of the serine/threonine kinase Akt
play an important role in inhibiting apoptosis by blocking

mitochondrial cytochrome crelease and caspase activation.'®
We explored whether DEX could suppress apoptosis and
apoptotic signaling by increasing the expression of these
genes and the activation of Akt. DEX pretreatment did not
alter the expression levels of the antiapoptotic genes, Bcl-2,
Bcl-xL, Mcl-1, and clAP as well as endogenous Akt activation
via its phosphorylation at Ser*”® (Figure 5a). It has been
shown that cFLIP, which is structurally similar to procaspase-
8, but lacks catalytic activity, acts as a competitive inhibitor of
caspase-8 in the DISC formation, which subsequently blocks
apical caspase-8 activation.?® We next examined whether
DEX regulates cFLIP expression in cultured hepatocytes.
DEX pretreatment significantly upregulated cFLIP -p43
expression in a time-dependent manner, with maximum
expression at 6-8h, and thereafter maintained its protein
level until 18 h (Figure 5b). In addition, DEX pretreatment
increased cFLIP -p43 expression in a dose-dependent
manner (Figure 5c). The increases in cFLIP protein level
can be the result of transcriptional/translational activation
or inhibition of protein degradation. To test this possibility,
we examined the effect of DEX on the steady-state levels of
cFLIP protein and mRNA in the presence or absence of
inhibitors of transcription and translation (Figure 5d). The
DEX-induced increase in cFLIP -p43 protein level was
significantly reduced by the specific inhibitors of transcription
and translation, ActD and cycloheximide, respectively.
However, the enhancement of cFLIP s mMRNA by DEX was
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Figure 4 DEX did not protect hepatocytes from apoptosis induced by cisplatin and staurosporine. Hepatocytes were treated with cisplatin (CisPt, 100 pg/ml) or
staurosporine (STS, 25 M) following pretreatment with or without DEX for 6h. (a) After 18 h, cell viability was measured by crystal violet staining. After 10h, (b)
casapase-3-like enzyme (DEVDase) and (c) caspase-8-like enzyme (IETDase) activities were determined in the cell lysates using a colorimetric assay with Ac-DEVD-
pNA and Ac-IETD-pNA as substrates, respectively. Hepatocytes were also incubated with TNF-o + ActD as a positive control. After 12 and 6 h, cell viability and caspase
activity were determined, respectively. All data shown are the mean+S.D. (n>3)

abrogated by ActD, but not by cycloheximide, as determined
by RT-PCR and quantitative real-time PCR. Thus, these data
indicate that DEX upregulates cFLIP, -p43 expression at the
transcriptional step.

DEX also suppresses anti-Fas antibody-induced
hepatocyte apoptosis by inhibiting DISC formation
and caspase-8 activation

The binding of FasL or anti-Fas antibody to the cell surface
death receptor Fas rapidly induces a similar apoptotic
signaling pathway to that triggered by TNF-«, which is inhibited
by the upregulation of cFLIP.2>2" We examined whether
DEX would protect hepatocytes from anti-Fas antibody (Jo2)-
induced apoptotic cell death. Incubation of cells with
Jo2 + ActD increased hepatocyte apoptosis, and this apop-
tosis was significantly suppressed by pretreatment with DEX
(Figure 6a). We next tested the effects of DEX on the activation
and activity of caspase-3 and -8. Treatment with Jo2 4+ ActD
increased caspase-8 activation and activity, and these
increases were significantly inhibited by pretreatment with
DEX (Figure 6b and c). DEX pretreatment also inhibited
Jo2 + ActD-induced increase in caspase-3 activity (Figure 6d),
which was correlated with the suppression of upstream
caspase-8 activation and activity. Upon triggering by FasL or

Cell Death and Differentiation

agonistic antibody, Fas recruits FADD and procaspase-8 and
forms the DISC."® cFLIP competes with procaspase-8 at the
level of DISC formation.2! We next investigated whether DEX
inhibits the recruitment of procaspase-8 to the DISC. We found
that FADD is recruited to the DISC in hepatocytes stimulated
with Jo2, but is absent in this complex in nonstimulated cells
(Figure 6e). A significant level of procaspase-8 was found in
this complex of Jo2-stimulated hepatocytes, and this protein
level was reduced by pretreatment with DEX. However, the
DISC contained a low level of cFLIP_-p43 in hepatocytes
stimulated with Jo2 alone, and this level was increased by DEX
pretreatment. These results indicate that DEX pretreatment
blocks the DISC formation through the upregulation of cFLIP, -
p43 expression and protects hepatocytes from death receptor-
induced apoptosis by blocking the caspase-8-dependent
downstream signaling pathway.

siRNA for cFLIP reversed DEX-mediated
protection against TNF-« + ActD-induced
hepatocyte apoptosis

To test whether an increase in cFLIP expression is
a necessary event for DEX-induced protection against
TNF-o + ActD-induced hepatocyte apoptosis, an siRNA
approach was employed. Transfection with cFLIP siRNA
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reduced cFLIP -p43 expression in hepatocytes treated with or
without DEX compared with control siRNA-transfected cells,
which did not alter the cFLIP _-p43 protein level compared to
untransfected cells (Figure 7a). Specific downregulation of
cFLIP_-p43 expression by siRNA was found to significantly
decrease the protective effect of DEX on TNF-u+ ActD-
induced apoptosis and further increase the cytotoxic effect
of TNF-o in the absence of DEX, while transfection with
control siRNA did not affect TNF-« + ActD-induced apoptosis
(Figure 7b). Moreover, transfection with cFLIP siRNA
increased TNF-o + ActD-induced caspase-8 activation and
reversed the inhibitory effects of DEX on caspase-8 activation
compared with control siRNA-transfected cells (Figure 7c).
A similar effect on caspase-3 activity was observed in
cFLIP siRNA-transfected hepatocytes compared with control
siRNA-transfected cells (Figure 7d). In contrast, transfection
with control siRNA did not alter apoptosis and caspase-8
activation/activity induced by TNF-o+ ActD compared with
untransfected cells (Figure 7b—d).

DEX prevents Jo2- and TNF-« + galactosamine
(GalN)-induced hepatic injury

Derangement of hepatic apoptosis is considered an important
cause for a variety of liver diseases such as viral hepatitis,

cholestasis, and ischemic or toxic liver injury. We and others
have showed that administration with the agonistic anti-Fas
antibody Jo2 and TNF-z+ GalN trigger fulminant hepatic
failure by inducing in vivo caspase-dependent apoptosis.?%23
We determined whether DEX prevents the apoptotic signaling
pathway and liver injury in animal models. Intraperitoneal
injection with DEX significantly increased cFLIP_-p43 expres-
sion in liver tissues compared with controls (Figure 8a).
Administration of Jo2 and TNF-o + GalN profoundly increased
IETDase and DEVDase activities in liver lysates compared
with control, and these increases were significantly inhibited
by DEX treatment (Figure 8b and c). In line with these obser-
vations, the serum levels of the liver function indicators, AST
and ALT, were markedly increased in Jo2- and TNF-o + GalN-
treated animals, and these increases were suppressed by
administration with DEX (Figure 8d). These results indicate
that DEX may prevent animals from hepatotoxicity induced by
cytotoxic death receptor activation.

Discussion

This study was undertaken to elucidate the antiapoptotic
effect and molecular mechanism of DEX on death receptor-
induced hepatocyte apoptosis. Our data demonstrate that
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DEX inhibits TNF-«-induced in vitro hepatocyte apoptosis and
in vivo liver injury by inhibiting the activation of caspase-8, -9,
and -3 and mitochondrial cytochrome c release. DEX also
inhibited anti-Fas antibody-induced hepatocyte apoptosis by
blocking DISC formation and caspase-8 activation. Further-
more, DEX upregulated the expression level of the antiapop-
totic protein cFLIP_-p43 in vitro and in vivo. The antiapoptotic
effect of DEX was abrogated by specific downregulation of
cFLIP expression using siRNA. These results indicate that
the upregulation of cFLIP expression may play a key role in
the antiapoptotic and protective action of DEX in cell surface
death receptor-induced hepatocyte apoptosis.

Cell Death and Differentiation

Glucocorticoids play an important role in normal develop-
ment and physiological control in animals by modulating
the proliferation of various normal and malignant cells.2* The
synthetic glucocorticoid DEX has been used in the treatment
of lymphoid leukemia and lymphoma and the mechanism
underlying this treatment is the induction of apoptosis.®
However, DEX can inhibit apoptosis in some cells such as
neutrophils and tumors.®'2® The antiapoptotic effect by DEX
has been shown to be due to the upregulation of the Bcl-2
family proteins such as Bcl-2 and Bcl-xL in hepatocytes.®
These protein levels have been shown to be upregulated
in hepatocytes only after long-term treatment with DEX
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Figure 7 Specific knockdown of cFLIP expression by siRNA inhibits the protective effects of DEX on TNF-a + ActD-induced hepatocyte apoptosis. Hepatocytes were
transfected with cFLIP or control siRNAs for 12 h and recovered in fresh medium containing 10% FBS for 40 h. Cells were treated with 5 M DEX for 6 h, followed by
treatment with TNF-o. 4 ActD for 6 and 12 h for determining caspase activation/activity and cell viability, respectively. (a) Cell lysates were prepared from hepatocytes
treated with 5 uM DEX for 6 h. The protein level of cFLIP was determined by Western blot analysis. (b) After treatment with TNF-o: 4 ActD for 12 h, cell viability was
measured by crystal violet staining. (¢ and d) Caspase-8 activation and activity was determined in the lysates from hepatocytes treated with TNF-o. -+ ActD for 6 h by
Western blot analysis and colorimetric assay, respectively. Data shown in (b) and (d) are the mean+S.D. (n=38). *P<0.02 and **P<0.01

(i.e. 3days), and this treatment decreased the susceptibility of
hepatocytes to spontaneous apoptosis.2 However, we here
showed that pretreatment of hepatocytes with DEX for 6-18 h
almost fully prevents cells from acute apoptosis (within 18 h)
induced by TNF-z and Jo2 in the presence of ActD. In this
experimental condition, DEX pretreatment did not alter the
protein levels of the antiapoptotic genes such as Bcl-2,
Bcl-xL, Mcl-1, and clAP and the activation of the antiapoptotic
serine/threoine kinase Akt, indicating that these genes are not
involved in DEX-mediated hepatoprotection. Itis possibile that
DEX can inhibit caspase-8 activation through the interaction
between TNF-o and its cytotoxic receptor TNF-R1. However,
we could not find that DEX pretreatment affected the protein
level of TNF-R1 in hepatocytes and the cytotoxicity of TNF-a
in the culture media of hepatocytes (data not shown). Our
results also revealed that DEX pretreatment did not signifi-
cantly protect hepatocytes from apoptotic cell death induced
by cisplatin and staurosporine (Figure 4), which do not
essentially require caspase-8 activation for the apoptotic
signal pathway. These drugs markedly elevated DEVDase,
but not IETDase activity, and this drug-mediated increase
in DEVDase activity was not effectively inhibited by DEX
pretreatment. However, DEX significantly inhibited the activa-
tion/activity of caspase-8 and -3 induced by TNF-o + ActD and
Jo2 + ActD, indicating that DEX specifically inhibits death
receptor-mediated apoptosis. These results suggest that DEX

inhibits the activation of caspase-8, which is an apical signal
mediator in death receptor-induced apoptosis. cFLIP is known
to be a cellular inhibitor for caspase-8 activation in death
receptor-induced apoptosis.2’ We here showed that DEX
pretreatment significantly upregulated the cFLIP_-p43 protein
level in a time-dependent manner, which was highly corre-
lated with its antiapoptotic effect. Therefore, our results
suggest that DEX can inhibit death receptor-mediated
hepatocyte apoptosis via the upregulation of the antiapoptotic
gene cFLIP.

Several studies have demonstrated that cFLIP inhibits
apoptosis induced by death receptor-activating ligands
such as TNF-«, FasL,?” and TRAIL.2”72° cFLIP_is structurally
similar to procaspase-8 because it contains two amino-
terminal death effector domains and a carboxyl-terminal
caspase homology domain, but it lacks the cysteine within
the active site essential for the catalytic activity of caspase-8,
resulting in no enzymatic activity.?° Thus, cFLIP_ competi-
tively inhibits the recruitment of caspase-8 to the cytosolic
death domain of the cytotoxic receptor. Therefore, cFLIP, can
be recruited to the Fas- and TNF-a-dependent DISC and
inhibits full cleavage and release of active caspase-8 from
the DISC.2'%° The suppression of caspase-8 activation
inhibits Bid cleavage and mitochondrial cytochrome crelease
and subsequently suppresses the formation of an apopto-
some formed by the interaction with Apaf-1, procaspase-9,
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Figure 8 DEX administration prevents liver injury induced by Jo2 and TNF-o + GalN. Mice were i.p. administrated with Jo2 (250 pg/kg) or TNF-o (10 g/kg) plus GalN
(700 mg/kg) following i.p. injection with DEX (10 mg/kg). (a) The protein level of cFLIP was determined in whole liver lysates from DEX-treated mice for 6 h. (b and ¢) After
4- and 8 h-treatments with Jo2 and TNF-o. + GalN, respectively, liver tissues were isolated and whole liver lysates were prepared. Activities of caspase-8 and -3 were
determined in the liver lysates by colorimetric assays using the chromogenic substrates Ac-IETD-pNA (caspase-8-like activity) and Ac-DEVD-pNA (caspase-3-like
activity), respectively. (d) After treatments with Jo2 and TNF-o + GalN for 4 and 12 h, respectively, blood was collected and plasma was prepared by centrifugation at
4000 x gfor 30 min. The plasma levels of AST and ALT were determined. Data shown in (b), (c), and (d) are the mean+ S.D. (n =6 mice per group). **P<0.01 versus

Jo2 or TNF-¢ + GalN alone

and dATP. Therefore, an increase in cFLIP_ expression
inhibits caspase-9 activation, resulting in the suppression of
downstream signaling cascades including caspase-3 activa-
tion. We here showed that DEX pretreatment increased
cFLIP_-p43 expression in hepatocytes and inhibited the
recruitment of procaspase-8 to the DISC in hepatocytes
treated with Jo2, which induces the caspase-8-dependent
apoptotic signaling pathway identical to the signal cascade of
TNF-2.3" This consequence elicits the protection of hepato-
cytes from death receptor-induced apoptosis by suppressing
caspase-8-activation, Bid cleavage, mitochondrial cyto-
chrome c release, caspase-9 and -3 activation, and PARP
cleavage. It has recently been demonstrated that siRNA is
a potent mediator of the RNA interference effect, which
specifically downregulates target gene expression in animal
cells.® We used this strategy to identify the functional roles
of cFLIP in the antiapoptotic effect of DEX on TNF-a-induced
hepatocyte apoptosis. Our results indicate that specific
knockdown of cFLIP s by transfection with cFLIP
siRNA effectively inhibited DEX-mediated protection against
TNF-o + AcD-induced hepatocyte apoptosis. These results
indicate the functional involvement of cFLIP_ upregulation
in DEX-induced protection from TNF-o + ActD-induced hepa-
tocyte apoptosis.

It has been shown that cFLIP can be upregulated by several
cytoprotective factors such as interleukin-427 and lysophospho-
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lipids®® through the activation of the PI3K/Akt and NF-xB
signaling pathways. Inhibition of PI3K and NF-«xB suppressed
cFLIP expression and increased apoptosis induced by death
receptor-activating cytokines including TNF-z, FasL, and
TRAIL. In this study, we showed that DEX did not increase
phosphorylation-dependent Akt activation, indicating that
the PI3K/Akt pathway is not involved in cFLIP upregulation
and antiapoptosis in DEX-treated hepatocytes. We previously
showed that DEX inhibits inducible nitric oxide synthase gene
expression and nitric oxide production in cultured primary
hepatocytes stimulated with TNF-o and interleukin-15 by
suppressing NF-xB activation.®*3% Furthermore, DEX can
inhibit the production of proinflammatory cytokines in immune
cells by the suppression of NF-«xB activation.® We found that
pretreatment of hepatocytes with DEX for 2—12h inhibited
NF-«B activation, as determined by gel-shift assay, in cultured
rat primary hepatocytes stimulated with TNF-o (data not
shown), suggesting that DEX-mediated upregulation of cFLIP
is not due to NF-«xB activation. Although not shown here, we
also observed that the NF-xB inhibitor pyrrolidine dithiocar-
bamate did not alter the DEX-induced increase in cFLIP -p43
expression and protection against TNF-o + ActD-induced
hepatocyte apoptosis, indicating no involvement of NF-xB
activation in DEX-induced antiapoptosis. These observations
indicate that upregulation of cFLIP -p43 by DEX is not
associated with either the PI3K/Akt or NF-kB signaling



pathways. Previous studies have shown that DEX can
transcriptionally increase the expression levels of several
genes in hepatocytes, such as sulfotransferase,®® cyto-
chrome P450 3A1,%” connexin,®® and multidrug-resistance
protein 2.3° Similarly, we here showed that increased cFLIP
mRNA and protein levels by DEX treatment were markedly
suppressed by the transcription inhibitor ActD, indicating that
DEX increased cFLIP expression at the transcriptional step.
The molecular mechanism for DEX-dependent hepatic cFLIP
expression is currently under investigation.

The extensive hepatocellular injury of fulminant hepatic
failure is thought to be mediated, in part, by ligation of death
receptors with their ligands including TNF-o*® and FasL.*'
TNF-o and Jo2 (anti-Fas antibody) induce hepatic apoptosis,
which is considered an important cause for a variety of liver
diseases such as viral hepatitis, cholestasis, and ischemic or
septic liver injury."*? Antiapoptotic drugs or genes including
caspase inhibitors have been suggested to prevent fulminant
hepatic failure by inhibition of hepatic apoptosis.*® Our data
showed that DEX administration in vivo upregulated cFLIP_
expression and inhibited Jo2- and TNF-« + GalN-induced
increases in caspase-8 and -3 activities, indicating that
DEX can block hepatocellular apoptotic cell death in the
some clinical settings such as endotoxin-mediated liver
failure. This study was focused on determining if administra-
tion of DEX into animals can ameliorate liver damage
following exposure to Jo2 and TNF-o where liver failure is
more gradual in onset. We found that DEX inhibited Jo2- and
TNF-o + GalN-mediated increases in plasma AST and ALT,
which are indicators of liver function. These results suggest
that DEX protects unwanted hepatic cell death in pathological
conditions by suppression of caspase-8 activation through the
upregulation of cFLIP.

In conclusion, we demonstrated that a possible molecular
mechanism for the antiapoptotic effect of DEX is likely the
suppression of death receptor-induced DISC formation,
caspase-8 activation, and mitochondrial cytochrome crelease
by increased levels of cFLIP.. Our results suggest that DEX
inhibits the extensive hepatocellular injury of fulminant hepatic
failure induced by cytotoxic cytokines such as TNF-o and
FasL, thereby enabling future clinical therapies such as liver
transplantation and septic liver failure.

Materials and Methods

Materials

William’s medium E, penicillin, streptomycin, L-glutamate, and HEPES
were purchased from Invitrogen (Grand Island, NY, USA). Insulin was
obtained from Lilly Inc. (Indianapolis IN, USA) and calf serum was
purchased from Hyclone Laboratories (Logan, UT, USA). Cytochrome ¢
antibody and caspase-8 antibody were obtained from PharMingen
(San Diego, CA, USA). Polyclonal caspase-3 antibody, PARP antibody,
and cFLIP_s antibody (H-202) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibody for phospho-specific
Akt (Ser-473) was obtained from Transduction Laboratories (Lexington,
KY, USA). Z-VAD-fmk, Ac-DEVD-pNA, Ac-LEHD-pNA, and Ac-IETD-pNA
were obtained from Alexis Corporation (San Diego, CA, USA). Rabbit
polyclonal anti-Bid antibody was prepared using full-length mouse Bid.**
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All other reagents were purchased from Sigma, unless indicated
otherwise.

Preparation of primary hepatocytes and cell culture

Rat hepatocytes were isolated by collagenase perfusion from male
Sprague-Dawley rats.' In accordance with institutional review guidelines
of the University of Pittsburgh, human hepatocytes were obtained by
collagenase digestion of human donor livers not used for transplanta-
tion.*® Highly purified hepatocytes (>98% purity and > 98% viability
by trypan blue exclusion) were suspended in Wiliams medium E
supplemented with 10% calf serum, 1M insulin, 2mM L-glutamine,
15 mM HEPES (pH 7.4), 100 U/ml penicillin, and 100 zg/ml streptomycin.
Cells were plated in 100 mm Petri dishes (5 ml/dish) and 12-well plates
(1 ml/well) at a concentration of 1 x 108 and 2 x 10° cells/ml, respectively,
and cultured in a CO, incubator (5% CO,/95% air) at 37°C for 16 h. Cells
were pretreated with or without DEX and incubated with 2000 U/ml TNF-o;
plus 0.2 pg/ml actinomycin D (ActD) (TNF-o. + ActD) or 0.5 ug/ml anti-Fas
antibody (Jo2) plus 0.2 ug/ml ActD.

Assay for cell viability and DNA fragmentation

Cell viability was determined by crystal violet staining."® In brief, cells were
stained with 0.5% crystal violet in 30% ethanol and 3% formaldehyde
for 10 min at room temperature. Plates were then washed four times
with tap water. Cells were lysed with 1% SDS solution, and dye uptake
was measured at 550 nm using a microplate reader. To assess apoptosis,
isolation and electrophoresis of genomic DNA were performed as
described previously."®

Enzyme activity assay

Caspase activity was evaluated by measuring proteolytic cleavage of
chromogenic substrate as described previously.'> Ac-DEVD-pNA, Ac-
LEHD-pNA, and Ac-I[ETD-pNA were used as the substrates for DEVDase,
LEHDase (caspase-9-like enzyme), and IETDase, respectively. Briefly,
cell lysate (100 ug of protein) was added into Tris-HCI buffer (pH7.4)
containing 200 uM Ac-DEVD-pNA, 200 uM Ac-LEHD-pNA, or 200 uM
Ac-IETD-pNA in a final volume of 100 ul. The reaction mixture was
incubated at 37°C for 1h. The increase in absorbance of enzymatically
released pNA was measured at 405 nm in a microplate reader.

Western blot analysis

Cells were harvested, washed twice with ice-cold PBS, and resuspended
in 20 mM Tris-HCI buffer (pH 7.4) containing a protease inhibitor mixture
(0.1mM phenylmethylsulfonyl fluoride, 5 ug/ml aprotinin, 5 ug/ml pep-
statin A, and 1 ug/ml chymostatin). Cytosolic fractions were prepared for
cytochrome c release by homogenization in an isotonic sucrose solution
using a Dounce homogenizer and differential centrifugation, as described
previously.*® Whole-cell lysates were prepared for immunoblotting
analysis of caspases and PARP by sonication and centrifugation at
12000 x g for 20 min at 4°C. Protein concentration was determined with
the BCA assay (Pierce) with bovine serum albumin as standard. Proteins
(40 ug) were separated on SDS-PAGE and then transferred onto
nitrocellulose. The membranes were hybridized with antibodies against
cytochrome ¢, caspase-3 and -8, Bcl-2, Bel-xL, Mcl-1, clAP, cFLIP s,
p-Akt, Akt, and actin, and protein bands were visualized by exposing to X-
ray film, as described previously."®
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DISC isolation

DISC was isolated as described previously.*” In brief, hepatocytes were
stimulated with 2 ug/ml biotinylated Jo2 anti-Fas-antibody plus 5 pig/ml
strepavidin (Pierce) for 30 min at 37°C. Cells were gently sonicated (5
bursts, 5W; Vibracell, Bioblock Scientific in ice-cold buffer A containing
25mM HEPES, 150 mM NaCl, 1 mM EGTA, 1 ug/ml leupeptin, 1 xg/ml
pepstatin, 2 ug/ml chymostatin, and 5 ug/ml «2 macroglobin). After
nuclear fraction was removed by centrifugation at 800 x g for 10 min
at 4°C, the membrane fraction was obtained from the supernatant by
centrifugation at 100 000 x g for 1 h at 4°C. The pellet was solubilized in
buffer A containing 1% Triton X-100 and 10% glycerol (buffer B) at 4°C.
The solubilizate was then subjected to immunoprecipitation via Jo2
anti-Fas antibody used for stimulation with protein A/G-Sepharose beads
(Amersham Pharmacia) at 4°C for 2h to isolate DISC. Control for
DISC isolation was obtained by immunoprecipitating Fas from unstimu-
lated cells using 2 ug/ml Jo2 antibody plus 5 pg/ml streptavidin,
considering that ~10% of the anti-Fas antibodies bound to the cells in
the stimulating conditions. The immunoprecipitates were washed four
times before eluted from the beads by heating in SDS-PAGE sample
buffer at 95°C for 5 min.

Transfection with siRNA

The sequences of mouse cFLIP siRNA and control scrambled siRNA were
5'-AAGTAAAGAGCCAAGATTTGT-3' (627-647nt from start codon),
which targets both cFLIP, and cFLIPg, and 5'-AACAATCGAGTGTATA
GATAG-3, respectively. Cells were transfected with the double-stranded
siRNAs (40 nmol/ml) for 12 h by lipofectamine method according to the
manufacturer's protocol (Invitrogen) and recovered in fresh media
containing 10% FBS for 40h. The cells were pretreated with DEX for
6 h and then treated with TNF-o. + ActD. The protein levels of cFLIP were
analyzed by Western blot analysis, and cell viability was determined by
crystal violet staining.

Reverse transcriptase-polymerase chain reaction
(RT-PCR) and quantitative real-time PCR analyses

Total RNA was obtained from hepatocytes using a Trizol reagent
kit (Invitrogen). In total, 3 ul of the cDNA mixture was used for PCR in
50 mM KCI, 10mM Tris-HCI (pH 8.3), 1.5mM MgCl,, 0.2mM dNTPs,
25U of Tag DNA polymerase, and 0.01nM of primers for cFLIP and
p-actin. The amplification was performed in a DNA thermal cycler under
the following conditions: denaturation at 94°C for 5 min for the first cycle
and for 30 s starting from the second cycle, annealing at 62°C for 30 s, and
extension at 72°C for 30 s for 30 cycles. Final extension was performed at
72°C for 10 min. The PCR products were electrophoresed on a 1.5%
agarose gel and stained with ethidium bromide. The primers used were
5-ATCTGGTGATTGAATTGGAG-3 (sense; 86-111nt from start
codon) and 5'-ATATGATAGCCCAGGGAAGT-3' (antisense; 495-521 nt
from start codon) for cFLIPs and 5-TCCTTCGTTGCCGGTCCACA-3
(sense) and 5-CGTCTCCGGAGTCCATCACA-3 (antisense) for S-actin.
The mRNA expression level was quantified by real-time PCR using
the SYBR Green PCR Master Mix in an ABI PRISM 7700 Sequence
Detector (Applied Biosystems) with 10 ul of diluted (1:25) cDNA
and gene-specific primers according to the manufacturer's instruc-
tions. cFLIP mRNA expression levels were quantified using the
threshold cycle method. Values were then normalized to the relative
amounts of the housekeeping gene, glyceraldehyde-3-phosphate
dehydrogenase.
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Animal experiment

All procedures performed on animals were in accordance with the
guidelines of the University Animal Care and Use Committee. BALB/c
mice (6-8 weeks, 20 g) were intraperitoneally (i.p.) injected with 10 mg/kg
DEX. At 6 h following DEX pretreatmenr, mice were i.p. injected with Jo2
(250 ug/kg) or TNF-o (10 ug/kg) + GalN (700 mg/kg). After 4- and 8 h-
treatments with Jo2 and TNF-o + GalN, respectively, animals were placed
under inhaled isoflurane anesthesia for isolation of blood and liver tissue.
The latter was snap-frozen and stored at —80°C until it was assessed for
caspase activity. Plasma was prepared from whole blood by centrifugation
at 4000 x g for 30 min at 4°C. Plasma levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were measured using
enzyme assay kits.

Data analysis and statistics

The data are presented as means+S.D. from more than three
independent experiments. Statistical comparisons between groups were
performed using the Student’s t-test.
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