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ABSTRACT—Inactivation of protein kinase C (PKC)� plays an important role in modulating hepatic failure and/or apo-
ptosis during sepsis. To determine whether and how PKC� inactivation mediates the apoptosis, PKC� was suppressed
by antisense treatment or transiently transfection in Clone-9 rat hepatic epithelial cell line. Apoptosis was evaluated by cell
survival rate, poly-adenyl ribonuclease polymerase (PARP) cleavage, and terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate-digoxigenin nick end labeling stain. The expressions of PKC� and Bcl-xL were quantified by
Western blot analysis after antisense treatment. In the transfection studies, cells were co-transfected with green fluores-
cent protein cDNA as a transfection marker. The expressions of PKC� and Bcl-xL were detected by immunohistochemical
staining with second antibody conjugated with Texas red. Apoptosis was evaluated by tetramethyl-rhodamine labeling of
DNA strand breaks and immunostaining of 85-kDa fragment of PARP. The results showed that cytosolic and membrane-
associated PKC� were decreased by 54.5% and 41.4%, respectively, after PKC� antisense treatment. The apoptotic
incidence and percentage of PARP cleavage were significantly increased, whereas protein expression of Bcl-xL was
decreased after PKC�-antisense treatment. In the transfection studies, the results showed that most of the cells express-
ing green fluorescent protein revealed less PKC� and Bcl-xL protein contents and more in situ PARP cleavage and DNA
strand breaks. These findings indicated that decrease of PKC� declines the Bcl-xL content and leads to the vulnerability
of apoptosis in hepatic epithelial cells. Taken together, our data provide evidence that suppression of PKC� plays a critical
role in triggering caspase-dependent apoptosis, which may act through modulating the Bcl-xL expression.
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INTRODUCTION

Our previous work has shown that inactivation of protein
kinase C (PKC) may play a critical role in modulating hepatic
failure during sepsis (1). However, the participation of PKC in
signal transduction pathways that regulate liver function is
likely to be a complex process because PKC is a multigene
family consisting of 11 closely related isoforms. Recently, we
screened the changes of all isoforms in the liver during sepsis
and found that alteration of PKC� is the most prominent one
during sepsis (2). PKC� is essentially involved in maintaining
cells in an antiapoptotic state such as glioma cell (3) and
myoblast (4). Our recent result also showed that inactivation of
PKC� was accompanied by reduction in Bcl-xL levels during
sepsis that coincided with the appearance of apoptotic cell
death as detected by outlet exposure of phosphatidylserine (5).
However, despite these evidences, the causal relationship
between PKC� and the downstream effectors that are involved
in the hepatic apoptosis have not been identified. Accordingly,
we design an in vitro system of PKC� suppression that was
simulated by transient antisense treatment or transfected with
an expression vector containing the cDNA for rat PKC� in the
antisense orientation to identify the in situ alterations after
PKC� suppression for a long duration. Then, caspase-acti-
vated PARP cleavage, apoptotic incidence, and expression of

Bcl-xL, which is down-regulated by PKC� inactivation (3),
were evaluated after PKC� suppression. In the present study,
we demonstrated that inhibition of PKC� leads to a decrease in
Bcl-xL protein content and induction of apoptosis.

MATERIALS AND METHODS
Inhibition of PKC� protein synthesis by
antisense treatment

Clone 9 rat hepatic epithelial cells were pre-treated with 1 �M phorbol 12,
13-dibutyrate (PDBu) for 12 h until 70–80% confluent. This procedure removes
greater than 90% of PKC protein from the cells (6). Then medium was replaced with
F12 K to remove PDBu and incubated with 1 �M PKC� antisense for 6 h (7). Then,
the cells were sampled for analysis of expressions of PKC� and Bcl-xL as well as
apoptosis 18 h later.

Extraction and purification of PKC�
PKC� was extracted and partial purified by the method of Wise et al. (8) with

modification. Cells were homogenized in 300 �L of buffer (25 mM Tris-Base; 2
mM EDTA; 10 mM EGTA, pH 7.46; 10 mM DTT; 150 mM sucrose; 1% protein
enzyme inhibitor) and then centrifuged at 30,000 g for 15 min. The supernatant
containing enzyme was used as cytosolic fraction. The resulting pellet was reho-
mogenized in buffer A containing 0.25% Triton X-100. The mixture was incubated
for 15 min on ice followed by centrifugation at 30,000 g for 15 min and the resulting
supernatant was used as enzyme of membrane-associated fraction.

Western analysis of PKC� isoform
Equal amount of sample (5 �g) was subjected to SDS-PAGE using a 7.5%

running gel (9). Proteins were transferred onto polyvinylidene difluoride transfer
membrane by electroblotting for 55 min (120 v). PKC� antibody (1:1000, Trans-
ductional Laboratory. Cat No. P16520) was incubated with the membrane for 1 h at
room temperature. The membranes were washed in TBS-t and incubated with goat
anti-mouse horseradish peroxidase antiserum (1:5000, Transduction Laboratory, cat
no. M15345) for 1 h. Then, the membranes were detected by the ECL system.

Determination of cell survival rate
Cell survival was determined by trypan blue exclusion after treating cells with

PKC� antisense oligonucleotides, and enumeration of viable cells using a hemo-
cytometer.
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Terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate-digoxigenin nick end labeling
(TUNEL) staining

Cells were cultured on coverslips in 6-well plates and fixed in 4% paraformal-
dehyde for 15 min. DNA strand breaks were identified by TUNEL assay using the
KLENOW FragELTM DNA fragmentation detection kit (Calbiochem, cat no.
QIA21) following the manufacturer’s protocol. The cells were counter stained with
methyl green. Negative controls were processed identically except that TdT was not
added. The incidence of apoptosis was derived from the quotient of apoptotic
nucleus number divided by the sum of total cell numbers in each coverslip. All
measurements were performed by one person.

Detection of poly-(ADP-ribose) polymerase
(PARP) cleavage

Cells were suspended in 300 �L of lysis buffer (20 mM HEPES, pH 7.9; 0.2%
0.1% Triton X-100; 10% glycerol; 0.1 mM EDTA; 200 mM NaCl; 1 mM DTT; 0.1
M PMSF; 0.5 �g/mL leupeptin, 0.5 �g aprotinin; Refs. 10, 11). After sonication, the
lysate was cleared by centrifugation for 10 min at 12,000 g. Ten micrograms of
protein was resolved by 7.5% SDS-PAGE after incubation for 15 min at 65°C.
Then, membrane was incubated with anti-PARP (C-2-10; 1:1000, Zymed Labora-
tory, Inc., San Francisco, CA, cat no. 33-3100) in 5% nonfat dry milk/TBS-t for 1
h and then anti-mouse IgG (1:5000, Transduction Laboratory, cat. no. 15345) for 1
h. The molecular weight of intact PARP and cleaved PARP were 116 KDa and 85
KDa, respectively.

Western blotting analysis of Bcl-xL
Four volumes of extraction buffer (20 mM Tris-HCl, pH 7.4; 2 mM EDTA; 2

mM EGTA; 0.1 mM PMSF; 10 �g/mL aprotonin; 10 �g/mL leupeptin; 10 mM
NaF; 6 mM mercaptoethanol; 1% Triton X-100; 0.1% SDS, 10 mM NaCl) was
added to the sample and homogenized by sonication (12). The suspension was
subsequently centrifuged for 80 min at 16000 g and the clear lysate was ready for
protein concentration analysis. Five micrograms of protein was separated by 12.5%
SDS-PAGE. Blots were then incubated with Bcl-xL antibody (1:1000, monoclonal;
Transduction Laboratory, cat no. B61220, Lexington, KY) in TBS-t containing 5%
nonfat milk and then incubated with goat antimouse IgG (1:5000, HRP conjugated,
Transduction Laboratory, cat no. M15345). Immunoreactive proteins were visual-
ized by enhanced chemiluminescence.

Construction of PKC� antisense expression vector
and transfection

The total RNA from rat liver was isolated using TRIzol reagent (Life Technolo-
gies, Grand Island, NY). First-strand cDNA was synthesized using reverse tran-
scription polymerase chain reaction (RT-PCR) kit (Promega, Madison WI). PCR
was performed using a Perkin-Elmer thermocycler (Model 2400) for 35 cycles. The
forward primer 5�-CCC AAG CTT CAG CTG GTC ATC GCT AAC AT-3� and
reverse primer 5�-GGA ATT CGA TCA CTT ATG GAC TAA TAT CC-3� for rat
PKC� were used in PCR with modifications by adding a HindIII site and a EcoRI
site at 5� end of the forward and reverse primers, respectively. An amplification
program of denaturation (95°C, 1 min), annealing (55°C, 1 min), and extension
(72°C, 2 min) was used. A 264-bp PKC� cDNA fragment obtained from PCR
amplification was ligated into the TA cloning vector (Invitrogen, San Diego, CA).
DNA sequencing was performed to confirm the sequence of the insert. A 254-bp
fragment was released from TA cloning vector by digesting with HindIII and EcoRI.
After digestion, the fragment was purified from an agarose gel and then inserted into
pcDNA3.1(−)/neo expression vector (Promega) in an antisense orientation named as
pAS-PKC� (13).

Clone-9 cells were washed with wash medium (Gibco) and plated onto poly-L-
lysine-coated culture well in attachment medium. After 3 h, the medium was
changed to DMEM containing 5% fetal calf serum, 1 × 10−8 M dexamethasone, 10
ng/mL epidermal growth factor, 5 �g/mL insulin, 2.5 �g/mL fungizone, 50 �g/mL
gentamycin, 67 �g/mL penicillin, and 100 �g/mL streptomycin. Cells were cultured
in their usual, serum-containing medium until they reached 80% confluency. The
cells were then washed twice with Opti-MEM I reduced-serum medium, and trans-
fected with 2 �g of plasmid DNA/2 mL culture well using 10 �L of Lipofectamin.
In each experiment, 1 �g of a green fluorescent protein (GFP) vector (Promega) was
co-transfected as a transfection marker. After transfection, the cells were incubated
in reduced-serum medium for 8 h then replaced with normal growth medium and
immunofluorescence was detected 72 h later.

Immunofluorescence
Cells were fixed with 4% (w/v) paraformadehyde for 15 min and incubated for

1 h at room temperature with primary antibody of PKC� (1:100, Transduction
Laboratory), Bcl-xL Ab (1:50, Transduction Laboratory), or antibody recognizing
PARP 85-kDa fragment (1:100 dilution, Promega, cat no. G7341) in phosphate-
buffered saline (PBS) containing 5% bovine serum albumin. After washing with

PBS, cells were incubated for 1 h with secondary antibody-conjugated Texas red (1:
50, ICN Pharmaceuticals, Inc., cat no. 55544). Finally, cells were mounted with
PBS containing 80% glycerol and observed for green or red fluorescence using a
fluorescent microscope. Ten fields were examined in each sample. Green fluores-
cence of GFP was used as a transfection marker and red fluorescence after immu-
nostaining of PARP or TUNEL identified an apoptotic-positive cell. However, cells
exhibiting GFP fluorescence but not red fluorescence after PKC� or Bcl-xL immu-
nostaining were identified as by suppressed by PKC� or down-regulated by of
Bcl-xL, respectively.

Statistics
The statistical analysis of the data was performed by using the one-tailed Student

t test. A 95% confidence limit was accepted as statistically significant.

RESULTS

Suppression of PKC� by transient antisense treatment
The efficiency of PKC� antisense in suppressing the PKC�

protein expression was confirmed by Western blot analysis.
Both the protein expressions of the cytosolic and membrane-
associated fractions of PKC� were significantly (P < 0.01)
decreased by 36% and 34%, respectively, after treatment of
PKC�-antisense (Fig. 1).

Effect of PKC� antisense treatment on the cell viability,
PARP cleavage, and apoptosis

PKC� antisense treatment for 6 h resulted in a significant
decrease (P < 0.01) of cell count (Fig. 2a). The PARP cleavage
from a 116-kDa protein to 85-kDa fragment was detected by
Western blot analysis using antibody recognizing both the
cleavage and intact PARP. A 100.8% increase of PARP cleav-
age (P < 0.01) was observed after treatment of PKC�-antisense
(Fig. 2b). Furthermore, TUNEL stain was performed to detect
nuclear DNA strand breaks. The result showed that TUNEL
positive cells were significantly (P < 0.01) increased after
PKC�-antisense treatment (Fig. 2c and d).

Effect of PKC� antisense treatment on protein expression
of Bcl-xL

To understand the response of Bcl-xL to PKC� suppression,
protein expression of Bcl-xL was detected by Western blot

FIG. 1. Protein expression of PKC� in clone 9 cells treated with or
without PKC� antisense. (a) cytosolic fraction, (b) membrane-associated
fraction. Cells were incubated with 1 µM PKC�-antisense for 6 h and samples
were collected at 18 h after treatment and then were fractionated into cyto-
solic and membrane-associated fractions 18 h later. The molecular weight of
PKC� is 86 kDa. The data shown indicates mean ±SD of six samples in each
group. **P < 0.01.
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analysis. Result showed that the expression of anti-apoptotic
Bcl-xL protein was significantly (P < 0.01) decreased by 32%
after PKC�-antisense treatment (Fig. 3).

Suppression of PKC� by transfection with vector
containing PKC� cDNA in antisense
orientation (pAS-PKC�)

To confirm the long-lasting suppression of PKC� expression
by antisense transfection, the protein expression of PKC� was
detected by immunostaining with antibody conjugated with
Texas red at 72 h after transfection. Cells showing green fluo-
rescence represented as a successful transfection marker. The
result showed that after pAS-PKC� transfection, most of the
cells expressing GFP (Fig. 4, upper right panel) revealed
significantly (P < 0.01) lower level of PKC� protein content
(Fig. 4, lower right panel) compared with that of the vector
control transfection (Fig. 4, lower left panel).

Effect of pAS-PKC� transfection on apoptosis
Apoptotic cells were evaluated by tetramethyl-rhodamine

labeling of DNA break to identify if DNA strand breaks

occurred in situ after successfully transfected with pAS-PKC�.
The result showed that the percentage of both GFP expression
and TUNEL staining double-positive cells after pAS-PKC�
transfection was significantly (P < 0.01) higher than that of
vector control transfection (Fig. 5).

FIG. 2. Effects of PKC� antisense treatment on (a) cell viability, (b)
PARP cleavage, (c) apoptosis, and (d) quantitative apoptotic incidence.
Cells were incubated with 1 µM PKC�-antisense for 6 h and then replaced
with fresh medium. Cell viability, PARP cleavage, and apoptotic incidence
were evaluated at 18 h after replacement. Cell viability was determined by
trypan blue exclusion test. PARP cleavage was detected by immunostain-
ing with Ab against both 116-kDa PARP and 85-kDa fragment of PARP.
Apoptotic cells showed in (c) was identified by TUNEL staining. Arrow indi-
cates cell with apoptotic nucleus. The quantitative data of apoptotic incidence
was derived from the quotient of apoptotic nucleus divided by the sum of total
cell number. The data shown indicates mean ± SD of six samples in each
group. **P < 0.01.

FIG. 3. Protein expression of Bcl-xL with of without PKC� antisense.
Cells were treated with 1 µM PKC� antisense for 6 h and sampled at 18 h
after fresh medium replacement for immunoblotting. The molecular weight of
Bcl-xL is 26 kDa. The data shown indicate means ± SD of sixe samples in
each group. **P < 0.01.

FIG. 4. Decrease of PKC� protein expression after transfection with
vector containing PKC� antisense (pAS-PKC�). (a) Immunofluorescent
image of GFP expression (upper panel) and PKC� immunoreactive (lower
panel) cells. (b) Quantitative ratio of PKC� negative-expression cells per
GFP (+) cells. Cells transfected with vector control and pAS-PKC� was
showed in left and right panel, respectively. Green fluorescence represented
as a transfection marker. Red fluorescence indicates PKC� immunoreactive
cells, which was stained with antibody conjugated with Texas red. Arrow
indicates the relative PKC� reactivity in the cell, which is simultaneously GFP
(+). The percentages of PKC� negative whereas GFP (+) cells were
presented as means ±SD of 5 samples in each group. **P < 0.01.

584 SHOCK VOL. 19, NO. 6 HSIEH ET AL.



PARP cleavage induced by transfection with pAS-PKC�

To further understanding the possible pathways of apoptosis
triggered by PKC� suppression, the caspase-dependent cleav-
age of PARP was detected by immunostaining with antibody
recognizing only the 85-kDa fragment of PARP conjugated
with Texas red after pAS-PKC� transfection. The result
showed that the percentage of cells expressing GFP associated
with PARP cleavage after pAS-PKC� transfection was signifi-
cantly (P < 0.01) higher than that of vector control transfection
(Fig. 6).

Effect of pAS-PKC� transfection on
Bcl-xL immunoreactivity

The expression of Bcl-xL, which affects cytochrome C
release and caspase activation, was detected after pAS-PKC�
transfection by immunostaining with antibody conjugated with
Texas red. Green fluorescence was also used as a transfection
marker. The result showed that, after pAS-PKC� transfection,
the percentage of cells expressing GFP concomitant with a
negative expression of Bcl-xL protein was significantly (P <
0.01) higher than those of vector control transfection as
showed in Figure 7.

DISCUSSION

The present study provided evidence that suppression of
PKC� by antisense increased the apoptotic incidence in hepatic

epithelial cell line. Furthermore, in situ down-regulation of
Bcl-xL, PARP cleavage, and DNA strand breaks occurred
when the cell was successively transfected with pAS-PKC�. It
suggests that PKC� plays a critical role in cell survival and the
expression of the cell survival molecule, Bcl-xL, is modulated
by the PKC� signaling pathway.

The liver is essential in regulating host defenses to septic
challenge and the degree of hepatic failure during sepsis is
related to the extent of cell damage and death resulting from
either necrosis or apoptosis. Although hepatic apoptosis has
been reported to be a less apparent phenomenon during sepsis
in some previous reports (14, 15), induction of apoptosis corre-
lated with a reduced Bcl-2 content had been reported in endo-
toxin-treated animals (16). Our previous results showed that
hepatic apoptosis was apparently increased at early sepsis and
persisted to the late stage of sepsis whether it was evaluated by
flow cytometry, PARP cleavage, TUNEL stain or even by the
less sensitive DNA ladder gel electrophoresis. Because of the
rapid turnover of apoptotic cells by Kupffer cell, the prolonged
and constant hepatic apoptosis might contribute to hepatic fail-
ure during polymicrobial sepsis.

It is well documented that PKC inhibitor is an effective
apoptotic-inducing agent. Previous report indicated that
calphostin, a specific PKC inhibitor, induced apoptosis asso-
ciated with down-regulation of Bcl-xL as well as activation of
caspase-3 (17). However, the role of each isoform of PKC in

FIG. 5. Increase of apoptotic incidence after transfecting with vector
containing PKC� cDNA in antisense orientation (pAS-PKC�). (a) Immu-
nofluorescent image of GFP expression (+) (upper panel) and TUNEL stain
(+) (lower panel) cells. (b) Quantitative ratio of TUNEL (+) cells per GFP (+)
cells. Cells transfected with vector control and pAS-PKC� was showed in left
and right panel, respectively. GFP cDNA was co-transfected as a transfec-
tion marker. Red fluorescence indicates apoptotic cells, which were evalu-
ated by tetramethyl-rhodamine labeling of DNA break. Arrow indicates the
DNA strand breaks in the cells, which is simultaneously GFP (+). The
percentages of double-positive cells were presented as mean ± SD of five
samples in each group. **P < 0.01.

FIG. 6. Increase of the PRAP cleavage after transfecting with vector
containing PKC� cDNA in antisense orientation (pAS-PKC�). (a) Immu-
nofluorescent image of GFP expression (+) (upper panel) and 85kD PARP
immunoreactive (lower panel) cells. (b) Quantitative ratio of PARP (+) cells
per GFP (+) cells. Cells transfected with vector control and pAS-PKC� was
showed in left and right panel, respectively. GFP cDNA was co-transfected
as a transfection marker. Red fluorescence indicates the cleaved PARP 85
kDa, which was detected by immunostaining with 85-kDa PARP antibody
conjugated with Texas red. Arrow indicates the relative PARP cleavage in the
cell, which is simultaneously GFP (+). The percentages of double-positive
cells were presented as mean ± SD of five samples in each group. **P < 0.01.
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apoptosis is not identified. Previous studies have demonstrated
that loss of PKC� function correlated with the induction of
apoptosis in COS cells (18). Inhibition of PKC� gene expres-
sion by ribozyme also resulted in a significant apoptosis in
glioma cells through suppressing Bcl-xL gene expression (3).
Although treatment with phorbol 12-myristate 13-acetate
(TPA), PKC activator, upregulated expression of Bcl-xL in
human erythropoietin-dependent cell line (19). Our previous
report showed that, during sepsis, inactivation of PKC� was
accompanied by reduction in Bcl-xL levels that coincided with
the appearance of apoptotic cell death in liver (5). The present
result showed that the protein content of Bcl-xL was signifi-
cantly decreased by in situ PKC� suppression. It strongly
supports a potential interaction between PKC� and the Bcl-xL
protein. Recently, our preliminary result showed that the
expression of Bcl-xL mRNA under PKC� suppression was
also decreased (unpublished data). It suggests that PKC� may
modulate the transcriptional regulation of Bcl-xL. However,
the molecular mechanism involved in apoptosis triggered by
PKC� suppression need further study. In addition, a previous
study showed that over-expression of PKC� resulted in
increased mitochondrial PKC� localization and Bcl-2 phos-
phorylation, which is required for antiapoptotic function (20).
Therefore, the expression of the apoptosis-related proteins in
addition to Bcl-xL may be modulated by PKC� suppression. In

this respect, comparison analysis between control and stably
PKC�-antisense transfected cells by the PCR-based differen-
tial display technique identified some genes, which are under
investigation in our laboratory.

The immunohistochemical results of our previous study
showed that, during sepsis, PKC� was significantly decreased
especially within the nucleus (2). It is possible that the decli-
nation of nuclear PKC� might regulate the expression of
apoptosis-related protein, i.e., Bcl-xL, through modulating the
phosphorylation/dephosphorylation state of transcriptional
factors. Transcriptional factors, i.e., Ets, nuclear factor-�B,
STAT, and activator protein-1, play essential roles in deter-
mining the fate of a cell by affecting the expression of bcl-x
gene encoding the anti-apoptotic Bcl-xL protein (21). Several
hypotheses offer potential mechanisms how Bcl-xL exerts its
survival effects. Previous reports implicated that Bcl-xL
promotes cell survival by regulating the electrical and osmotic
homeostasis of mitochondria (22). Besides, Bcl-xL functions
as a facilitator of ADP supply to the mitochondrial matrix,
allowing for continued F1F0-ATPase activity (23). If the mito-
chondrial respiration terminates through loss of F1F0-ATPase
activity, mitochondria will release cytochrome C, which induce
apoptopsome formation and subsequent caspase activation
associated with endonucleosomal PARP cleavage and apopto-
sis. Previous study showed that Bcl-xL prevents the staurospo-
rin-induced apoptosis of dopaminergic neurons by inhibiting
the caspase activation (24), which is a subsequent process after
damage of the outer mitochondrial membrane and cytochrome
c release. In addition, the bulk of the bcl-xL product localizes
to the periphery of mitochondria (25). Bcl-xL may also func-
tion as, or association with, a mitochondria ion channel to
regulate apoptosis (22, 26). It can also close the voltage-
dependent anion channel preventing cytochrome c to pass
through the channel (27). Taken together, these observations
suggest that mitochondria may play a crucial role in Bcl-xL
regulated apoptosis caused by PKC� suppression. Further
evaluation of the causal relationship between PKC� and mito-
chondrial function will be performed in the near future.

In conclusion, the present results indicated that suppression
of PKC� decreased the cellular contents of Bcl-xL and leaded
to a caspase-dependent apoptosis in hepatic epithelial cells.
Therefore, PKC� may be a therapeutic target for prevention of
apoptosis during sepsis.
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