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ABmCT. Hepatocellular carcinoma (HCC) 1s c h aracterized by high drug resistance to currently available 
chemotherapeutic agents. In a prospective clinical study, we have demonstrated that high-dose tamoxifen 
significantly enhanced the therapeutic efficacy of doxorubicin in patients with far-advanced HCC. In a search 
for a possible mechanism, we found that tamoxifen at a clinically achievable concentration (2.5 PM) 
significantly enhanced doxorubicin-induced cytotoxicity and apoptosis of Hep3B cells, a multidrug resistance 
(MDR)-1 expressing HCC cell line. This synergistic cytotoxic effect of tamoxifen, at this concentration, 
however, was not mediated by MDR inhibition. Instead, as evidenced by both western blot and immunofluo- 
rescence studies, tamoxifen inhibited the cytoplasmic-membrane translocation of protein kinase C (PKC).a. 
12,O-Tetradecanoylphorbol-13-acetate (TPA) restored the membrane translocation of PKC-or and abrogated 
the synergistic cytotoxicity of tamoxifen. We also showed that tamoxifen, at this concentration, did not directly 
affect the enzyme activity of PKC. Further, membrane mm&cation of other membrane-bound proteins, such as 
Ras protein, was similarly inhibited by tamoxifen, but could not be restored by the addition of TPA. Together, 
these data suggested that tamoxifen may act on the cytoplasmic membrane, and thereby inhibit PKC-a 
translocation to the membrane where it is activated. We hypothesize that high-dose tamoxifen may be an 
effective modulator of doxorubicin in the treatment of HCC, and suggest that biochemical modulation of PKC 
as a measure to improve systemic chemotherapy for HCC deserves further investigation. BIOCHEM PHARMACOL 
55;4:523-531, 1998. 0 1998 Elsevier Science Inc. 
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HCC** is one of the most common cancers in the world. 
Except for a minority of patients who are amenable to 
curative surgical resection, most HCC patients die from 
advanced disease within a relatively short period of time [l]. 
To date, systemic chemotherapy has played only a minor 
role in the treatment of HCC. Doxorubicin remains the 
most effective single agent, with a tumor response rate of 
approximately lo-15%; combination chemotherapy has 
not conferred any additional benefit [l, 21. Although new 
anti-cancer drugs have been tested in HCC, doxorubicin 

8 Corresponding autkr: Ann-Lii Cheng, M.D., Ph.D., Department of 
Internal Medicine, National Taiwan University Hospital, No. 7, Chung 
Shan South Rd., Taipei, Taiwan, R.O.C. 10016. Tel. 2-3970800, Ext. 
7251; FAX 2-3711174. 

** Abbreviutions: HCC, hepatocellular c&cinoma; MDR, multi-drug 
resistance/resistant; MDR-I , multi-drug resistance-l gene; Pgp, P-glyco- 
protein; PKC, protein kinase C; MlT, 3-[4,5-dimethylthial-2-yl]-2,5- 
diphenyl tetrazolium bromide; and TPA, 12-0-tetradecanoylphorbol-13- 
acetate. 

Received 30 June 1997; accepted 16 September 1997. 

remains the most effective agent. Therefore, it may be 
fruitful to explore established drugs in new combinations in 
which their therapeutic efficacy may be improved by 
biochemical modulation. 

Since the majority of HCC cells express the gene MDR-I 
[3], agents with MDR-inhibiting potential have been 
screened regularly for this purpose. Tamoxifen, a triphenyl- 
ethylene with an MDR-1 protein inhibitory effect, has been 
shown previously to reduce drug resistance due to MDR 
[4-61. In a prospective clinical study of 36 patients with 
inoperable HCC, we demonstrated that high-dose tamox- 
ifen (160 mg/m2/day, days l-7) plus doxorubicin (60 
mg/m’, day 4), repeated every 3 weeks, yielded good partial 
remission in I2 patients [7]. If extrapolated from a phase I 
study conducted by Trump et al. [8], the 160 mg/m2/day 
dose of tamoxifen that was used in our clinical study could 
be expected to result in a combined serum concentration of 
approximately 3.0 p,M tamoxifen and 3.0 FM N-desmeth- 
yltamoxifen, its major metabolite. Results of a previous 



controlled clinical trial using doxorubicin and tamoxifen 
(10 mg, p.o., b.i.d.) versus doxorubicin alone in the 
treatment of HCC suggested that lower doses of tamoxifen 
may not be effective in enhancing the cytotoxicity of 
doxorubicin [9]. Therefore, we were particularly interested 
in examining the biologic activities of tamoxifen at the 
concentration range of 1-5 FM. 

The current in vitro study was conducted for this purpose. 
We were surprised to find that tamoxifen at this ‘concen- 
tration range had no effect on MDR-l/Pgp inhibition. 
Instead, its synergistic cytotoxicity with doxorubicin ap- 
peared to be related to another mode of biochemical 
modulation, i.e. inhibition of PKC activity [lo]. We have 
specifically demonstrated that tamoxifen inhibited the 
membrane translocation of PKC-ol. Associated with this 
inhibition of PKC-a translocation, tamoxifen exposure led 
to the potentiation of doxorubicin-induced apoptosis in 
HCC cells. 

MATERIALS AND METHODS 
Cell C&we and Cytotdcity Assay 

Hep3B, an MDR-1 -expressing human HCC cell line [ll], 
was maintained in Dulbecco’s Modified Eagle’s Medium 
supplemented with 10% heat-inactivated fetal bovine se- 
rum (Gibco Co.). The expression of Pgp and MDR mRNA 
in Hep-3B cells was confirmed in our laboratory by north- 
em and western blot analyses. The growth inhibitory effects 
of the drugs were determined by a tetrazolium-based semi- 
automated calorimetric assay (MTT assay) as previously 
described [ 121. Briefly, cells were plated in 96-well plates at 
5 X lo3 cells/well. After an overnight incubation, various 
concentrations of drugs were added in triplicate samples for 
each concentration. Cells were exposed to drugs continu- 
ously. After 3-4 days of culture, when cells in drug-free 
wells reached 90% confluency, cell numbers were evaluated 
using the MTT method with an ELISA reader at O.D. 492. 
The experiments were repeated at least twice. The data 
were reported as the mean + SEM for all values obtained. 

The combination effect of tamoxifen (Sigma Co.) and 
doxorubicin (Farmitalia Carlo Erba) was analyzed further 
by a computerized program based on a median effect 
equation, as described previously [ 131. 

Apoptosis Assay by DNA Fw,gnwntatitm and CeZl Cycle 
(sub-Sl) Analysis 

Apoptotic DNA fragments were isolated as previously 
described [14]. Briefly, control and drug-treated tip-33 
cells were harvested from a T150 flask, w&ed with PBS, 
and collected by centrifugation. Then the cell pellet was 
treated with 100 PL of lysis buffer (1% NP-40, 20 mM 
EDTA, 50 mM Tris-HCl, pH 7.5) for 10 sec. After 
centrifugation at 1600 g for 5 min, the apoptotic DNA- 
containing supematant was collected. To tl-re supernatant, 
SDS was added to a final concentration of 1%; then the 
supematant was treated with RNase A (final concentration 

5 pg/pL) at 56” for 2 hr followed by proteinase K digestion 
(final concentration 2.5 pg/p,L) at 37” for at least 2 hr. The 
DNA was then ethanol precipitated and dissolved in 50 ~.LL 
TE buffer (1 mM EDTA, 10 mM Tris-HCl, pH 8.0). 
One-third of the DNA was loaded in a 1.7% agarose gel for 
electrophoretic separation. For the “sub-G,” analysis, a 
published method was followed with modification [15]. 
Briefly, control and drug-treated Hep-3B cells were har- 
vested and fixed by suspending in 70% ethanol and incu- 
bating at -20” overnight. Then the fixed cells were 
collected by centrifugation and resuspended in Hanks’ 
buffered salt solution diluted 1:3 with 0.2 M Na,HP04/0.1 
M citric acid buffer (pH 8.0) containing 0.1% Triton 
X-100, and incubated for 30 min at 25”. This treatment 
removed low molecular weight DNA fragments from the 
apoptotic cells and allowed for analysis of the sub-G, peak 
during subsequent cell cycle studies. After this treatment, 
cells were collected by centrifugation and resuspended and 
incubated in 1 mL of PI buffer (propidium iodide at 50 
kg/mL, RNase A at 100 kg/mL in PBS) for 30 min at room 
temperature. The fluorescence (DNA content) of individ- 
ual cells was measured with a FACScanTM flow cytometer 
(Becton Dickinson) and analyzed with CellQuestT” soft- 
ware (Becton Dickinson). 

Rluxhmine 123 Dye Uptake and lY#w Assay 

Flow cytometric analyses of rhodamine- 123 (Sigma) uptake 
and efflux were performed according to the methods de- 
scribed previously [16]. Cells at a density of 1 X 106/mL in 
exponential growth were used for each test. In the retention 
study, cells were incubated in the presence or absence of 
various concentrations of tamoxifen in culture medium at 
37” for 1 hr before 200 ng/mL of rhodamine dye was added. 
Verapamil, 10 FM, was used as a positive control for an 
MDR-inhibitory agent. In the efflux study, cells were first 
incubated with medium containing 200 ng/mL of rhoda- 
mine at 37” for 1 hr, washed three times with rhodamine- 
free medium, and then incubated with or without vera- 
pamil or tamoxifen. The intensity of rhodamine fluores- 
cence was measured with the FL1 channel of the FACScan, 
and 1 X lo4 cells were measured every 30 min for up to 3 
hr. Three separate experiments were carried out for each 
treatment. 

A micelIar assay, using. whole rat brain PKC and histone 
EIIs as substrate, was employed as previously described [lo, 
171. The standard rwtion mixture (0.12 mL) contained 
200 r&f Ttis-HCI at.* 7.5,5 mM 2-m~rcaptoethanot, IO 
mM &Cl,, 1 mM GClz (or 1 r&vi EGTA), phosphati- 
dylinositol (10 ~$mL) ( or no phoaplrolipid), 70 PM 
[Y-~~P]ATP (250-4QO-cpr+rrmI), h&one IILS (0.67 mg,/ 
mL) or protamhe s&We (0.67 m&L), l-4 w rat brain 
PKC, and tamoxifen at the indicated concentrations. Re- 
actions were initiated by the addition of enzyme and 
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incubated at 30” for 5 min. Reactions were terminated by 
pipetting a 4O+L aliquot onto phosphocellulose paper. 
The papers were rinsed with three 1-L volumes of water and 
counted in Aquasol. All assays were done in triplicate. 

Analysis of Membrane Translocation of PKC and Ras 
by Western Blot 

Analysis of the membrane portion of PKC-0~ and other 
PKC isoenzymes by we&em blot was done by methods 
previously described with slight modification [18-201. Ap- 
proximately 1 X lo7 Hep-3B cells in a T150 flask were 
scraped with a policeman into a 14-mL centrifugation tube, 
washed once with PBS, resuspended in 1 mL of buffer A (2 
mM EDTA, 4 mM EGTA, 10 pg/mL leupeptin, 25 &mL 
aprotinin, 100 &mL phenylmethylsulfonyl fluoride, 0.25 
M sucrose, 20 mM Tris-HCl, pH 7.5), transferred to a 
1.5smL Eppendorf tube, and homogenized by ultrasonica- 
tion for 30 strokes (output control 3-4, duty cycle 30- 
40%; Sonifer 250, Branson Ultrasonics Corp.) on an 
ice-water bath. The particulate (membrane) fraction was 
collected by centrifugation at 14,000 g for 30 min at 4”, 
washed once with buffer A, and finally resuspended in 0.5 
mL of buffer B (1% SDS and 10% glycerol, made in buffer 
A). The protein concentration was determined with the 
Bio-Rad DC protein assay kit (Bio-Rad Laboratories) using 
bovine serum albumin as a standard. Amounts of the 
membrane fraction corresponding to 40 kg protein were 
resolved by 10% SDS-PAGE. Proteins were electro-trans- 
ferred onto a 50-cm2 PVDF membrane at a constant 400 
mA for 1 hr in Towbin buffer (192 mM glycine, 0.1% SDS, 
25 mM Tris base, pH 8.3). The membrane was first 
incubated with 5 mL blocking solution (0.1% Tween-20, 
1% non-fat dry milk, made in PBS) at 4” overnight, then 
with 5 mL fresh blocking solution containing 1 FL (0.1 p,g) 
mouse monoclonal antibody to either v-H-Ras or various 
human PKC isoenzymes (IgG, Transduction Laboratories) 
for 45 min at room temperature. The membrane was 
washed with the blocking solution three times (15 min 
each). To detect the antibody-bound target protein band, 
the Western Exposure Chemiluminescent Detection Sys- 
tem (Clontech Laboratories, Inc.) kit was employed. 
Briefly, the washed membrane was transferred to a sealed 
bag and incubated in 5 mL blocking solution containing 0.5 
p,L alkaline phosphatase-conjugated secondary antibody 
(goat anti-mouse IgG) at 25” for 45 min with gentle 
agitation. The membrane was then washed with blocking 
solution three times (45 min each), incubated in 5 mL assay 
buffer (0.1 M diethanolamine, 1 mM MgC12, pH 10) 
containing 3% enhancer solution for 5 min at room 
temperature, and washed twice with assay buffer. The 
membrane was finally incubated in 2 mL of assay buffer 
containing a 25 mM concentration of the chemilumines- 
cent substrate disodium 3-(4-methoxyspiro{l,2-dioxetane- 
3,2’-(5’-chloro)tricyclo[3.3.l.l3~7]dec~}-4-yl)phenyl phos- 
phate (CSPD; Boehringer Mannheim Co.). After 5 min of 
incubation at room temperature, excessive solution was 

removed from the membrane by briefly blotting on a 3 MM 
paper. Then the damp membrane was wrapped and exposed 
to an X-ray film for 5-30 min. 

Immunojhorescence Staining for the Cellular 
Localization of PKC-a 

Cells (1 X 105) in the exponential phase of growth were 
treated with different concentrations of tamoxifen in the 
presence or absence of 200 nM TPA (Sigma). After 30 min 
of drug treatment, the cells were harvested, serum was 
removed, and the cells were washed with PBS, fixed in cold 
acetone:methanol (l:l, v/v) for 5 min, and then cytospun 
onto glass slides by centrifugation at 100 g for 5 min. After 
being washed in PBS buffer, the smears were incubated with 
monoclonal anti+PKC-cY antibodies (host, mouse; isotype, 
IgGZb; Transduction Laboratories). The antibodies were 
diluted 500-fold in PBS buffer, and incubation was carried 
out at room temperature for 1 hr. After an interval of 5 min 
for washing with PBS buffer, the smears were incubated 
with fluorescein isothiocyanate (FITC) conjugated sheep 
anti-mouse IgG antibodies (polyclonal, The Binding Site 
Ltd.) at room temperature for 1 hr. After washing in PBS three 
times, the smears were mounted and the signals were visual- 
ized under a Nikon Microphot-FXA microscope system. 

RESULTS 
Synergistic Cytotoxicity of Tamwxifen and Doxodicin 

As shown in Fig. 1, at a non-toxic concentration of 2.5 PM, 
tamoxifen decreased the u+, of doxorubicin from 0.9 to 0.1 
p,M in Hep-3B cells. This synergistic cytotoxic effect of 
tamoxifen and doxorubicin was confirmed further by the 
results of median effect analysis, in which the combination 
index at the fractional inhibition of 0.4 to 1.0 was around 
0.2 to 0.5 (Fig. 2) [14]. 

TPA abrogated this effect of tamoxifen (Fig. 1). 

Effect of Tam&fen on Doxorubicin-Induced Apoptosis 

As shown in Fig. 3, incubation of Hep-3B cells with 2.5 PM 
tamoxifen was associated with a significant potentiation of 
doxorubicin-induced intemucleosomal DNA fragmenta- 
tion. This effect was inhibited by co-treatment of the cells 
with TPA. 

The time-course of drug-induced apoptosis was exam- 
ined further by flow cytometric analysis of the sub-G, cell 
cycle phase. As illustrated in Fig. 4, tamoxifen potentiated 
doxorubicin-induced apoptosis as shown in the increased 
sub-G1 phase cells, and this effect could also be inhibited by 
TPA. The flow cytograms are not displayed in detail. In 
general, doxorubicin results in an initial GJM block, which 
resulted in elevated S-phase. When apoptosis ensued, the 
sub-G1 phase increased, and the GdG, peak, S phase, and 
G,/M peak gradually decreased. Addition of tamoxifen to 
doxorubicin did not alter the general pattern of the flow 
cytogram as induced by doxorubicin alone. 
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Results of the effect of tamoxifen on the multidrug- 
exportation function of the MDR-1 protein are shown in 
Fig. 5. Verapamil had a significant effect on the uptake 
and efflux of rhodamine, indicating the existence of a 
functional multidrug exporter in Hep-3J3 cells. Although 
at higher concentrations tamoxifen partially inhibited 
the efflux of rhodamine 123, a negligible effect was noted 
at a concentration of 2.5 CM. Tamoxifen, up to 10 PM, 
had no effect on rhodamine 123 dye uptake. These 
results indicated that the in or&o synergistic cytotoxicity 
of tamoxifen with doxorubicin may not %e related to the 
MDR-inhibitory &ect. 

As shown in Table 1, the in vitro concentrations of 
tamoxifen needed to inhibit the activity of the total 
mixture, as well as specific PKC isoenzymes, were all over 
100 FM. 
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FIG. 3. Analysis of the intemucleosomal DNA fragmentation 
after 48 hr of exposure to ( 1) 0.1% ethanol (solvent control), 
(2) tamoxifen (2.5 I]LM), (3) doxorubicin (1.0 pM), (4) doxo- 
rubicin (1.0 pM) + tamoxifen (2.5 PM), and (5) doxorubicin 
(1.0 pM) + tamoxifen (2.5 (LM) + TPA (200 nM). M = 
markers. 

Effect of Tcnnoxifen on Membrane Translocath of 
Various PKC Isoewyme s and V4Ma.s 

The PKC isoenzymes, including PKC-a, PKC--y, PKC-8, 
PKC-e, PKC-8, PKC-X, PKC-Q and PKC+, could be 
demonstrated in Hep3B cells by western blot analysis. 

Since PKC-o was the most abundant and consistently 
expressed isoenzyme, it was studied in more detail. A 
concentration-dependent inhibition of the membrane 
translocation of PKC-a by tamoxifen is shown in Fig. 6. It 
was noteworthy that the effect of tamoxifen took place at a 
much lower concentration (~5 PM) than that necessay to 
inhibit in oiao enzyme activity of PKC, as shown in Table 
1. This effect of tamoxifen could be reversed by the 
co-treatment of the cells with TPA (Fig. 7). A similar 
inhibitory effect of tamoxifen, but with concentrations of 
more than 5 PM, on the membrane translocation of 
PKC-y, PKC-8, and PKC-• was also demonstrated. The 
results of PKC-y are shown in Fig. 8. 

This translocation of PKC-o, as well as its inhibition by 
tamoxifen, could also be visualized by immunofluorescence 
staining of the cells (Fig. 9). 

Other categories of membrane-bound proteins, such as 
V-H-Ras, were similarly affected by tamoxifen, but the 
addition of TPA did not restore its membrane translocation 
(Fig. 10). 
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Tamoxifen, a triphenylethylene, has been demonstrated to 
have biologic and pharmacologic activities beyond its 
traditional role as an anti-estrogenic agent. Among these 
are inhibition of MDR [4-61, PKC [lo, 111, calmodulin 
[21], insulin growth factor [22], a& transforming growth 
factor-or ,[23]. In addition, tamoxiitn has been associated 
with transforming growth&tctor+, i&r&ion [24], immune 
reaction mod&lation [25], apoptosis in&&on [26, 271, and 
reduction of fluidity of the cytoplasrplc, membrane [28]. It 
has been spuiated that mrne of these activities might be 
responsible for the unexpected therapeutic effect of tamox- 
ifen, alone or in combination with other anti-cancer drugs, 
in various cancers including malignant melanoma [29, 301, 
brain glioma [31], and lymphoma [32]. The potential 
synergistic cytotoxic effect between tamoxtien and chemo- 

therapeutic agents in estrogen-independent solid tumors 
has been further studied and documented recently 127,331. 

Although tamoxifen has been recognized as an ML%&- 
inhibitory agent, our in vitro data, as well as the data of 
others (4-61, suggest that a relatively high concentration 
(>lO p,M) was needed for this effect [4-61. A phase I 
clinical study showed that the intracellular concentraan 
of datmomycin did not change with the use of high&se 
tamoxifen (up to 700 mg/day, p.o.), which resulted in p&k 
plasma tamoxifen levels of approximately 7 FM [%+I. 
Therefore, other mechanisms of action may explain the in 
vitro chemosensitization effect that occurred at low concen- 
trations of tamoxifen. Since Hep-3B cells do not express 
estrogen receptors, a hormonal effect of tamoxifen is 
unlikely 1351. 

TABLE 1. PKC inhibition by tam&fen in m&z&e away 

Form 

PKC-LX 
PKC~~I/PKC+II 
PKC-y 
Mixture 

Values are means + SD of three experiments. 
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121 2 13 FIG. 6. Concentra&x&pe&nt i&i&ion of membrane trans- 

location of P!KLa. -38 cells were exposed to va&~~ 
concentrations of tam&fen for 30 min before harvesting. 
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FIG. 7. Rewet&.of the effect of tamoxfkxi by TPA. TPA, 200 
nM, overgme the iqhibitory effect of ,tamoxifen upon mem- 
brane tra&ocation of PKC-a in Hep-383 c&s. 

Tamoxifen is a PKC inhibitor that presumably disrupts 
the hydrophobic interaction between the regulatory do- 
main of PKC and phospholipid [36]. Previous studies, most 
of which had utilized crude extracts of murine brain in the 
enzyme assay, indicated that a high concentration of 
tamoxifen (lo-100 pM) was needed for this effect [lo, 111. 
This observation was confirmed in our study. However, we 
have demonstrated that, in living cells, a much lower and 
clinically achievable concentration of tamoxifen was suffi- 
cient to inhibit the membrane translocation of PKC in 
Hep3B cells. This activity of tamoxifen may be mediated 
by its nonspecific effect on cytoplasmic membranes, since 
other membrane-bound proteins such as Ras are similarly 
affected. This direct membrane effect of tamoxifen may be 
related to its chemical properties. Tamoxifen is lipophilic, 
and is expected to partition into hydrophobic domains in 
the fluid mosaic structure of cell membranes. Clarke et al. 
[28] have demonstrated previously that tamoxifen, at con- 
centrations greater than 1 PM, significantly decreased the 
fluidity of the plasma membrane of estrogen receptor 
(ER)-negative breast cancer cells, and may contribute to its 
non-ER-mediated cytotoxicity. One possible consequence 
of this decreased fluidity of the cell membrane is an altered 
binding capacity to the membrane-bound proteins, and 
thus possibly inhibition of the activity of PKC, which upon 
activation translocates to the cell membrane to function as 
a key signal transduction element. It was speculated that 
the ability of tamoxifen (~4 p-M) to reverse the mitogenic 
properties of epidermal growth factor and insulin in MCF-7 
cells growing in the absence of estrogen may reflect an 

TPA (nbl) Qooao OZOO~2oopo 
Tamoxifen (pM) 0 0.5 25 5 10 0 0 25 5 10 

FIG. 8. Concentration-dependent inhibition of membrane trans- 
location of PKC-y. Tamoxifen (10 PM) inhibited membrane 
translocation of PKC-*/ in Hep-3B cells (left panel). TPA 
(12-o-tetradecanoylphorbol-13-acetate) restored and overshot 
the membrane translocation of PKC-y (right panel). 

inhibition of this sign+ transduction par.hFy 1371,. Inhibi- 
tion of PKC-0~ translcication mey l& &xely &ted, to the 
eAhancement’of d~bicin~i~cd apoptoais of Hep3B 
cells, since TPA, a P@C act&a&r, restored the membrane 
trat&cation of PKC-a and abrogated the cytotoxic&y and 
apoptosis-potentiating’effect of tamo&#hn. Although other _‘ 
P& boenzymes~~re similarly affect&, a .h@er&ncen- 
t-ration, which exceeded theciinically achiev&bones, was 
usually needed. 

Recegtly, similar interactions between- chem$herapeu- 
tic a&nts and, other PKC modulators have bee$escribed. 
For example, staurosp&i& a&l safind, two I?KC inhibi- 
tors, wer&lemonstrated to potent&e the apoptosis induced 
by daunonibicin and mitomycin-C in leukemic cells and 
gastric cancer cells, res$ctively [38-401. In another study, 
PKC inhibitors regulatid the taxol-induced apopqosis of 
leukemic cells possessing increased levels of anti-apop- 
totic Bcl-2 protein [41]. Interestingly, the PKC activator 
and inhibitor, bryostatin 1, and other pharmacological 
activators of PKC were found to potentiate cytosine 
arabinoside-induced apoptosis in HL-60 cells [42]. These 
effects of PKC modulators, either inhibitors or activators, 
on the regulation of apoptosis demonstrates the complexity 
and the cell-dependent nature of PKC modulation as a 
strategy for anti-cancer treatment. A PKC modulator may 
be stimulatory of apoptosis in one cell type while protective 
against apoptosis in another [43, 441. Whether HCC 
represents a type of cancer for which PKC inhibition leads 
to chemosensitization remains to be confirmed by more 
studies. 

Apoptosis-related genes can be regulated by PKC mod- 
ulators [43,44]. In the case of tamoxifen, a recent study has 
found a synergistic effect with cisplatin in the human 
melanoma cell line T289 in up-regulating the expression of 
Bax mRNA and protein, as well as the binding of Bax to 
Bax to form homodimers [45]. Bax is the major apoptosis- 
promoting gene and, hence, may explain, in part, the 
synergistic cytotoxicity of tamoxifen with alkylators like 
cisplatin in the treatment of malignant melanoma. In 
another study, c-Myc gene expression was increased signif- 
icantly in tamoxifen-induced apoptosis in the estrogen- 
independent breast cancer cell line MDA 231 [33]. We 
have examined the effects of tamoxifen for in vitro 
regulation of a panel of apoptosis-related genes including 
~53, Rb, B&2, Bax, Fas, H-ras, N-ras, and c-Myc. The 
mRNA expression of all these genes was not altered 
significantly by tamoxifen in the Hep3B cell line (data not 
shown). Roles of other apoptosis-related genes, particularly 
members of the expanding family of B&2, need to be 
further addressed. 

In summary, results of both our in vitro and clinical 
studies have suggested that high-dose tamoxifen may po- 
tentiate doxorubicin-induced apoptosis of HCC cells. This 
effect of tamoxifen is associated with its inhibition on the 
membrane translocation of PKC-ol. Biochemical modula- 
tion of PKC as a measure to improve systemic chemother- 
apy for HCC deserves further investigation. 
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FIG. 9. Visualization of PKC-cr translocation by immunofluorescence staining. (a) Control. (b) Addition of 200 nM T’PA resulted in 
activation and membrane translocation of PKC-cy. Further addition of 5 PM tamoxifen (c) and 10 ~.LM tamoxifen (d) resulted in 
decreased membranous fluorescence, suggesting inhibition of PKC-cu translocation to the cytoplasmic membrane. Representative cells 
are shown in the insets at the left upper corner of each panel. 

TPA (nN) 00000 0 2002002002aJ 
Tamoxifen (fl) 0 05 25 5 10 0 0 25 5 10 

FIG. 10. Concentration-dependent inhibition of membrane 
tram&cation of V-H-Ras. (Experimental procedures were the 
same as those in Fig. 6, except that a V-H&s overexpressing 
Hep-3B cell clone was used.) 
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