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Abstract

Variations in the activity of protein kinase C (PKC) have been observed in different types of
tumors.  Although these inconsistent findings may be attributed to the alterations of individual PKC
isoforms, the effects of general anesthetic may not be neglected.  In this study, biopsies and surgical
specimens were obtained from patients with HCC, and the levels of PKCααααα  were analyzed by
immunohistochemistry.  PKCααααα  expression in biopsies was mainly revealed on the cell membrane of
hepatocytes whereas that in the surgical specimens was in the cytosol and on the membrane.  In both
types of specimens, the PKCααααα  level in HCC was significantly higher than that in the adjacent non-
tumorous tissue.  Moreover, the level of PKCααααα  in biopsies was significantly higher than that in surgical
specimens of the corresponding tissue type.  These findings suggested that general anesthetics may
significantly affect the expression of PKCααααα , and the effects of anesthetics should not be neglected in
observations which were made only based on surgical specimens.
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Introduction

Protein kinase C (PKC) is a family of phospholipid-
dependent protein kinases involving in the regulation

of a wide range of cellular functions (14, 16).  Moreover,
changes in the activity of this enzyme have been
observed in different types of tumors.  However, the
activity of PKC has been determined to be elevated in
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human breast tumor (18), pituitary tumor (1), and
malignant gliomas (4) and reduced in colonic carcinoma
(12, 13) and hepatocellular carcinoma (HCC) (25).
Although these inconsistent findings may be attributed
to the alterations of individual PKC isoforms in the
cancer tissue, whether the anesthetic drugs used during
the surgical operation modulate the expression of
PKC isoforms remains unclear.

PKC has been considered to be a target for
general anesthetic action (10).  Although n-alknols
and volatile anesthetics may inhibit the activity of
purified brain PKC (23), halothane and propofol may
stimulate PKC activity (6) by stabilizing the active
confirmation of PKC through a possible binding site
on their target (7, 24).  In addition, halothane may
also down-regulate the activity of membrane-associ-
ated PKC (8) and exposure of phenobarbital to male
rat liver may decrease approximately 63% of the
levels of cytosolic PKCα  (28).  It has been concluded
that administration of general anesthetics may have
potency to induce activation-dependent down-regu-
lation of PKC (9).  In this study, we analyzed PKCα
in biopsies and surgical specimens from patients with
HCC by immunohistochemistry.  The results indi-
cated that general anesthetics may affect the expres-
sion of PKCα , and the effects of anesthetics should
not be neglected in observations which were made
only based on surgical specimens.

Materials and Methods

Specimen Collection

Biopsies and surgical specimens of liver tissue
were obtained from five patients with HCC from
Division of Hepatogastroenterology, Department of
Internal Medicine, Changhua Christian Hospital.  An
informed consent was given to each patient and/or
guardian before collection of specimens. Liver biopsies
were obtained by an experienced gastroenterologist
under the monitoring of ultrasounds.  Surgical
specimens of human liver cancer and adjacent non-
tumorous hepatic tissue were obtained by mastectomies
from the same patients who received liver puncture
biopsy.  The specimens were immediately fixed in 4%
formalin after collection.

Preparation of Polyclonal Anti-PKCα Antibodies

PKCα  peptide (657-672) was obtained from Dr.
Ta-Hsiu Liao, Institute of Biochemistry, College of
Medicine, National Taiwan University, Taipei.  After
coupling to carbonic anhydrase (Sigma, St. Louis,
MO, USA) using glutaradehyde (Sigma), the PKCα
peptide preparation was immunized to male New
Zealand white rabbits (26).  Serum samples were then

obtained from the rabbits since day 42 after
immunization.  Antibodies were purified by affinity
chromatography on a column bearing the PKCα
peptide.

Immunohistochemistry

The formalin-fixed specimens were dehydrated
through graded alcohol and embedded in paraffin.
Sections (3 µm) were prepared from the paraffin-
embedded specimens and then deparaffinized in xy-
lene and rehydrated through an alcohol series.  The
sections were then incubated with 3% H2O2 for 5 min.
After washing with phosphate buffer saline (PBS),
the sections were heated to boiling in an EDTA buffer
containing 1 mM EDTA and 0.1% NP-40 (pH 8.0) for
5 min in a microwave oven.  After cooling for 20 min,
the sections were washed triplicate in PBS for 5 min
and incubated with 3% normal bovine serum in PBS
for 25 min.  The sections were washed with PBS again
and then incubated with the purified polyclonal anti-
bodies to PKCα  (10 ng/ml PBS plus 0.2% BSA) at
room temperature for 1 h.  After washing triplicate in
PBS for 5 min, the sections were incubated with
peroxidase-labeled goat anti-rabbit IgG (Sigma) at
room temperature for 30 min.  The sections were then
washed with PBS and PKCα  antigen staining was
visualized by adding 3,3′-diaminobenzidine substrate
(Sigma).  The reaction was terminated by rinsing the
sections in distilled water.  The sections were coun-
terstained with Gill’s hematoxylin V (Mute pure
Chemicals Ltd., Tokyo, Japan), dehydrated through
graded alcohol, and cleared with xylene before mount-
ing with Malinol (Mute Pure Chemicals Ltd.).  Immu-
noreactivity of PKCα  in the sections was examined
using the BX40 system microscope (Olympus, Tokyo,
Japan) with a CCD DPII Camera (Olympus, Tokyo,
Japan).  Images were analyzed by the Image-Pro(r)
Plus software (Media Cybernetics, Silver Spring, MD,
USA).  Two sections were prepared from each
specimen, and measurements were obtained from the
four quadrants in each section.  Corresponding non-
specific binding of section performed by parallel
incubation with the antibody preneutralized with an-
tigenic peptide was revealed no immnoreactivity (data
not shown).

Statistical Analysis

Levels of PKCα  were represented by the per-
centages of the measurements to the median of mea-
surements in the adjacent non-tumorous hepatic tis-
sue obtained by liver puncture and expressed as mean
± standard error of the mean.  Differences between
groups were analyzed by the unpaired Student’s t test.
P < 0.05 was considered to be statistically significant.
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Results

The five patients included three males and two
females with a mean age of 65.4 ± 3.4 years.  One
patient was found to be positive for hepatitis B virus
surface antigens, and two with hepatitis C virus antibodies.
TNM staging identified two T1, two T2, and one T3
lesions.  Histopathologic analysis of the tumors revealed
two with well-differentiated cells and three with moderate-

differentiated cells.  Pentothal was administered to
four patients and propofol to the remaining one as an
anesthetic during the surgery and the anesthetic time
ranged from 100 to 255 min (Table 1).

In the biopsy specimens, PKCα  expression was
mainly revealed on the membrane of the hepatocytes
(Fig. 1A and 1B).  The level of PKCα in HCC (166.5
± 8.1%) was significantly higher than that in the non-
tumorous hepatic tissue (91.7 ± 3.6%) (P < 0.001)

Table 1. Clinical characteristics of patients with hepatocellular carcinoma

Histopathology Histopathological
Age HBs- Anti- TNM Anesthetics Anesthetic

Patient Sex of non-tumorous grading of cancer
(years) Ag HCV staging used time (min)

tissue tissue

1 F 67 – + T1 Normal Moderately Pentothal 135
differentiated (250 mg)

2 M 67 + – T1 Chronic active Well Propofol 255
hepatitis differentiated (200 mg)

3 M 64 – – T2 Normal Well Pentothal 150
differentiated (250 mg)

4 M 74 – – T2 Cirrhosis Moderately Pentothal 100
differentiated (250 mg)

5 F 55 – + T3 Chronic active Moderately Pentothal 115
hepatitis differentiated (250 mg)

Fig. 1. Sections of human hepatocellular carcinoma (HCC) and adjacent non-tumorous hepatic tissue after incubating with purified
polyclonal antibodies to PKCα , and then with peroxidase-labeled goat anti-rabbit IgG before visualization by adding
3,3′-diaminobenzidine substrate.  A. Biopsy specimen of HCC.  B. Biopsy specimen of adjacent non-tumorous hepatic tissue.
C. Surgical specimen of HCC.  D. Surgical specimen of adjacent non-tumorous hepatic tissue (magnification, ×400).
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(Fig. 2).  In the surgical specimens, PKCα  expression
was found in the cytosol and on the membrane of
hepatocytes (Fig. 1C and 1D), and the level of PKCα
in HCC (79.8 ± 8.6%) was also significantly higher
than that in the non-tumorous tissue (18.7 ± 2.1%)
(P < 0.001) (Fig. 2).  Moreover, the level of PKCα  in
biopsies was significantly higher than that in surgical
specimens of the corresponding tissue type (P < 0.001)
(Fig. 2).

Discussion

Although the results in this study were based on
the findings in five patients, we prepared two sections
from each specimen and four measurements were
obtained from each section.  This design makes the
number of measurements in each group amount to 40,
which is sufficient for the comparisons of the different
groups.

Barbiturates are a group of intravenous anesthetics.
Phenobarbital may inhibit PKC of rat brain by
competitively displacing diacylglycerol.  This drug
appears to occupy the triple hydrogen bonding site
which bonds diacylglycerol or phorbol esters to the
enzyme (19).  Thiamylal, thiopentone, pentobarbitone,
mepivacaine or bupivacaine may inhibit PKC purified
from rat brain, and are considered to be inhibition of
the activation process rather than to direct interaction
with the active site of the enzyme (15).  Exposure of
rat colon to pentobarbital may produce up to 90%
inhibition of calcium-dependent PKC activity, whereas
calcium-independent activity may stimulate up to
35%.  It is suggested that a prior anesthetic use may
complicate observations in PKC-mediated effects on
epithelial barrier function using epithelial tissue models
(22).  This study was the first time to compare levels

of a PKC isoform in human HCC specimens obtained
by liver puncture and surgical resection.  The levels
of PKCα  in cancer or adjacent non-tumorous tissues
were significantly higher in liver biopsies than the
corresponding levels obtained from the hepatectomy
specimens under general anesthesia with pentothal (4
patients) or propofol (1 patient).  This change in the
PKCα level may be due to ischemia, since the amount
of PKC and the phorbol-binding capacity of the enzyme
are decreased during ischemia (3).

In the hepatic vein, serum concentration of lipid-
peroxidation reactants may increase before and after
transient dearterialization of the liver in human
subjects with unresectable hepatocellular carcinoma
(27).  The increase in the level of lipid peroxidation
may also occur during ischemia in liver (20) and in
hippocampus or cerebral cortex (5).  This phenomenon
may be correlated with the early PKC translocation to
membrane and a sharp immediate increase of a 50-
kDa isoform (PKM) and confirms that  l ipid
peroxidation may induce PKC translocation and
activation (16).  During ischemia, the decrease in the
content of phospholipids, phatidylcholine, and
phosphatidylethanolamine in rat liver and increase in
the content of DAG (19) signify the elevation in
inositol phospholipid hydrolysis (21).  In this study,
the decrease in PKCα  level in hepatectomy specimens
obtained under general anesthesia with pentothal or
propofol might also be due to ischemia, since the
amount of PKC and the phorbol-binding capacity of
the enzyme decrease during ischemia (19).

In our previous studies, the activity of the
membrane-bound PKC was found to be significantly
decreased in HCC, whereas no significant difference
in the activity was observed in the cytostolic fractions
of HCC and adjacent non-tumorous hepatic tissue (2).
By Western blotting, the level of membrane-bound
PKCα  in HCC was demonstrated to be significantly
lower than that in the adjacent non-tumorous tissue
(25).  By immunocytochemistry, we also observed
that the activation of PKC in Hep3B cells by a low
PMA concentration may cause translocation of PKC
isoforms from cytosol to membrane or nucleus (11).
It has been reported that halothane may decrease the
membrane-associated PKC activity (8).  In this study,
PKCα  expression was mainly revealed on the cell
membrane in biopsies, in the cytosol and on the
membrane of hepatocytes in surgical specimens.  These
changes indicated that barbiturates might also have
similar effects in the translocation of PKC and the
reduction in the PKCα  level of in the surgical
specimens might be mainly due to stimulation and
down-regulation of PKC.  Based on the results of this
study, we concluded that general anesthetics may
significantly affect the expression of PKCα , and the
effects of anesthetics should not be neglected in

Fig. 2. Comparison of the levels of PKCα in biopsy and surgical
specimens of human hepatocellular carcinoma (HCC)
and adjacent non-tumorous hepatic tissue.  The levels
were represented by the percentages of the measure-
ments to the median of measurements in the adjacent
non-tumorous hepatic tissue obtained by liver puncture
and expressed as mean ± standard error of the mean. HCC
vs. adjacent non-tumorous tissue: ***P < 0.001.
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observations which were made only based on surgical
specimens.
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