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Expression by the Dihydropyridine Derivative B859-35
Florian Ãœberall,Karl Maly, Alexander Egle, Wolfgang Doppler, Johann Hofmann, and Hans H. Grunicke'

Institute of Medical Chemistry and Biochemistry, University of Innsbruck, A-6020 Innsbruck, Austria

ABSTRACT

The dihydropyridine derivative B8S9-35 inhibits phospholipid- and
calcium-dependent protein kinase C (PKC) in cell-free extracts from
NIH3T3 cells. Inhibition is competitive with regard to phosphatidylser-
ine. At l MMphosphatidylserine, half-maximal inhibition (ICso) is ob
tained at approximately 2.5 MMB859-35. 12-0-Tetradecanoylphorbol-
13-acetate (TPA)-dependent activation of the Na+/H+ antiporter was

used to determine whether the enzyme is also affected in intact cells. The
activity of the antiporter was monitored by following the dimethylamilor-
ide-sensitive cytosolic alkalinization. It is demonstrated that B859-35
depresses the TPA-induced alkalinization with an K '<â€žof 5 MM,indicating

that PKC in intact cells and the enzyme in cell-free extracts are equally
sensitive to the drug. TPA-induced expression of the c-fos gene was used
as an additional marker for intracellular PKC activity. Activation of c-
fos expression was determined by measuring chloramphenicol acetyl-
transferase (CAT) activity in cells transfected with a c-fosCA T construct
in which the CAT gene is expressed under the control of the endogenous
human c-fos promoter. The studies revealed that 2.5 /IM B859-35, a
concentration equivalent to the ICso in cell-free extracts, significantly
depresses TPA-induced c-fosCA T expression. B859-35 inhibited cellular
proliferation of NIH3T3 cells with an ICsoof approximately 5 MM.This
is close to the ICso for the anti-PKC activity of B859-35. It is suggested
that the inhibition of PKC contributes to the growth inhibition following
exposure to B859-35.

INTRODUCTION

B859-352 (Fig. 1) represents the (/?)-enantiomer of the potent
L-type Ca2+ channel blocker niguldipine (1). The compound

exhibits a remarkable antitumor activity against a variety of
experimental tumors (2-6). The growth-inhibitory effect of
B859-35 does not seem to be correlated to its effect on L-type
Ca2+ channels. The affinity of B859-35 to these channels was

found to be 30-40 times lower than that of niguldipine, whereas
both compounds exert similar antiproliferative activities (1,4).
In addition to its binding to voltage-gated Ca2+ channels, B859-

35 acts as a calmodulin antagonist, and it has been suggested
that this effect is responsible for the growth-inhibitory activity
of this compound (4). However, several Ca2+-calmodulin antag
onists have been shown to inhibit PKC (7-9). In view of the
essential role of this enzyme in several mitogenic signaling
systems (10), it seemed interesting to investigate whether PKC
is affected by B859-35. An interference with PKC may offer an
alternative or additional mechanism by which this compound
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suppresses cellular replication. Furthermore, PKC activity
seems to be correlated to pleiotropic drug resistance (11, 12).
B859-35 has been shown to be more effective in reversing
multidrug resistance than verapamil (13).3 This effect could be

due, at least in part, to its inhibitory effect on PKC activity. In
view of these findings, it was decided to study the effect of
B859-35 on PKC. The studies presented here revealed that the
compound inhibits PKC in cell-free extracts as well as in intact
cells and that the concentration required to cause a 50% inhi
bition of the enzyme in intact cells is similar to the IC50 value
for the growth-inhibitory effect.

MATERIALS AND METHODS

Chemicals

DMEM and acetyl-CoA were obtained from Boehringer-Mannheim,
Mannheim, Federal Republic of Germany; RPMI 1640 medium and
PCS were purchased from Schoeller Pharma, Vienna, Austria. B859-
35 was obtained from Byk Gulden Lomberg, Konstanz, Federal Repub
lic of Germany, and dissolved in dimethyl sulfoxide in glassware. Due
to strong adsorption to plastic material, 10 mM stock solutions of
B859-35 were prepared by using pure DMSO and were stored at +4Â°C,

protected from light; further dilutions were made with DMSO/water
(1/1, v/v; final concentration, 0.125%). Lysine-rich histone HI (calf
thymus, type III), 1,2-diolein, L-a-phosphatidyl-L-serine, leupeptin,
TPA, epidermal growth factor, insulin, IBMX, and aprotinin were
purchased from Sigma Chemicals, Munich, Federal Republic of Ger
many. Silica gel-coated high performance thin layer chromatography
plates (20 x 20 cm, no. 13181) were from Eastman Kodak Co., Roch
ester, NY.

[r-32P]ATP (30 Ci/mmol) and D-threo-[dichloroacetyl-l-'4C]chlor-

amphenicol (57 mCi/mmol) were supplied by Amersham, Little Chal-
fort. United Kingdom. Ethyl acetate was obtained from Fluka Chemi
cals, Buchs, Switzerland. Multiscreen type HA 96-well filtration plates
were from Millipore, Vienna, Austria. DEAE-cellulose (DE-52) was
obtained from Whatman, Clifton, NJ. Phenyl-Sepharose CL-4B was
obtained from Pharmacia, Vienna, Austria. BCECF was purchased
from Molecular Probes, Eugene, OR. Tissue culture dishes were pur
chased from Falcon, Vienna, Austria.

Cell Culture

NIH3T3 fibroblasts were grown in DMEM supplemented with 2
mM glutamine, 10% PCS, 50 units/ml penicillin, and 50 Mg/ml strep
tomycin in a humidified atmosphere of 95% air-5% CO2. The HC11
mouse mammary epithelial cell line (15) was maintained in RPMI 1640
medium with 10% heat-inactivated FCS, 50 Mg/ml gentamycin, 5 Mg/
ml insulin, and 10 ng/ml epidermal growth factor in an atmosphere of
95% air-5% CO2. TPA inductions were performed with NIH3T3 and
HC11 cells which were made quiescent by incubation in DMEM or
RPMI 1640 medium containing 0.25% FCS for 24-48 h.

Measurement of Cellular Proliferation

NIH3T3 fibroblasts were seeded on 35-mm culture dishes (6-well
plates) at 8 x IO4cells/well. Cells were allowed to grow for 24 h before

the cell number of representative wells was determined (time 0). At this
time point, freshly prepared solutions of B859-35 at the indicated
concentrations were added to the cells, or equal volumes of DMSO/

3J. Hofmann, A. Wolf, M. Spitaler. G. Bock, J. Drach, C. Ludescher, and H.
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Fig. 1. Structure of the dihydropyridine derivative B859-35.

water (1/1, v/v; final concentration, 0.125%) were added to control
cells. After incubation for 72 h, cells were counted with an electronic
counter (Coulter Electronics, Luton, United Kingdom). Cellular mul
tiplication (M) was calculated according to the equation

where C represents the number of untreated control cells and 7" the

number of drug-treated cells at time i (72 h) and time 0 (0 h),
respectively.

Determination of the Cytoplasmic pH

NIH3T3 cells were grown on coverslips (9x18 mm). One day after
plating, cells were growth arrested by incubating in low serum (0.25%
PCS) for at least 48 h. At this time point, average cell number per
coverslip was 0.5-1 x 10* cells. pHÂ¡was determined by fluorescence

spectrophotometry with the use of BCECF. The cells were loaded with
BCECF by addition of 2.5 MMBCECF acetoxymethyl ester for 10 min
at +37Â°C.Then the fibroblasts attached to rectangular coverslips were

washed twice in HCO3-free HBS. For fluorescence measurements, one
coverslip supporting the cells was placed into a 1 x 1 x 4 cm3 quartz
cuvet containing 2 ml of HBS at +37Â°C.The coverslip in the cuvet was
oriented at a 60Â°angle relative to the excitation beam while 0.6 cm2 of

the coverslip was illuminated. Fluorescence (excitation, 502 or 440 nm;
emission, 530 nm) was detected with a SPEX (Edison, NJ) Fluorolog
2 spectrofluorometer (CM-1) equipped with two excitation monochro-

meters and a chopper system. The cytoplasmic pHÂ¡values were calcu
lated from the ratio of the fluorescence intensities I<502>/I(44o>.At the end
of each experiment, the ratio of the fluorescence intensities I(5o2>/I<440)
was calibrated to pHÂ¡by using a nigericin calibration procedure as
described (16), with the use of a buffer consisting of 140 mM KC1-10
mM NaCl-20 mM HEPES/KOH-10 Â¿ig/mlnigericin.

Preparation of Protein Kinase C

PKC was partially purified from NIH3T3 cells as described (17),
with minor modifications. Cell extracts were prepared from logarithm
ically growing NIH3T3 cells (16-cm cell culture dishes). The medium
was discarded, and the cell monolayer was rapidly washed twice with 2
ml of ice-cold buffer (20 mM Tris-HCl-150 mM NaCl-5 mM glucose-
leupeptin 20 Mg/ml-aprotinin 2 Mg/m'. pH 7.4). All subsequent steps
were carried out at +4Â°C.The buffer was removed, and the cells were

collected and resuspended in homogenization buffer [50 mM Tris-HCl-
5 mM dithiothreitol-1 mM phenylmethylsulfonyl fluoride-2 mM EGTA-
0.1% Triton X-100 (w/v)-20 /xg/ml leupeptin-2 Mg/ml aprotinin]. The
cells were disrupted by sonication (MSB sonifier at 60 W) and centri-
fuged at 10,000 x g for 15 min, yielding the crude nuclear pellets and
the postnuclear supernatants. The supernatants were pooled and cen-
trifuged at 100,000 x g for 1 h, and the resulting soluble membrane
extracts were applied onto DEAE-52 columns (2.5 x 8 cm; Whatman).
Protein was eluted with a gradient from 0.0 to 0.2 M NaCl in elution
buffer A (20 mM Tris-HCl-20 mM mercaptoethanol-0. 1 mM EGTA-0.1
mM EDTA-2% glycerol, pH 7.4). Fractions with high PKC activity
were pooled and brought to a final concentration of 0.25 M NaCl. This
solution was applied to a phenyl-Sepharose CL-4B column. After
equilibration with 0.25 M NaCl in buffer A, protein was eluted with a
gradient from 0.25 to 0.0 M NaCl.

Determination of Protein Kinase C Activity

PKC (0.75 Mgprotein/25 M') was assayed by detecting the incorpo
ration of 32P from [r-32P]ATP into histone HI, according to Aftab et
al. (18). Reactions [total volume of 125 n\, containing 0.133 MM[T-"P]
ATP (30 Ci/mmol)-40 mM Tris-HCl, pH 7.4-1 mM CaCl2-700 MM
EGTA-50 ÃŸehistone HI, type III-0.1-10 MM L-a-phosphatidyl-L-
serine-3 MM1,2-dioctanoyl-rac-glycerol] were set up in a 96-well plate.
Nonspecific phosphotransferase activity was determined by using a
lipid-free reaction mixture in the presence of EGTA. The assays were
started by the addition of [r-32P]ATP with an eight-channel pipettor.
After incubation for 15 min at +32Â°C,the reactions were terminated

by the addition of 150 M' 20% trichloroacetic acid. The reaction mix
tures were transferred to 96-well filter plates and filtered using a
semiautomatic 96-well assay system. The filter disks (type HA; Milli-
pore) were collected by using a filter punch apparatus (Millipore) and
counted in a liquid scintillation counter. PKC activity was calculated
as the difference between specific Ca2+- and phospholipid-dependent

PKC activity and nonspecific phosphotransferase activity.

Plasmid Constructs

c-fosCAT Construct. The construct c-fos(-711)CAT was obtained
from P. Herrlich (19). It contains the human c-fos sequence from
position â€”¿�711(Xhol site) to position 4-45 (Xbal site) in front of the

CA T gene (20).
pBL-TK-CAT9+. In this construct, expression of CAT is under

control of the thymidine kinase promoter containing the sequences
â€”¿�105to +52 relative to the initiation site of the herpes simplex virus

(21).

CAT Assays: Cell Culture and Transfections

NIH3T3 fibroblasts were grown at +37Â°Cand 5% CO2 in DMEM

supplemented with 10% FCS. Stable transfections of plasmid DNA
were performed using the calcium phosphate coprecipitation technique
(22). To obtain stable transfectants, NIH3T3 and HC11 cells were
cotransfected with the appropriate plasmid constructs pc-
fos(-71 1)CAT (5 MgDNA) and the pSV2neo plasmid (1 MgDNA) and

selected for G418 resistance in DMEM or RPMI 1640 containing 10%
PCS, 555 Mg/ml G418 for NIH3T3 cells, and 200 Ml/ml G418 for
HC11 cells, respectively. The G418-resistant single colonies were iso
lated with trypsin-soaked filter plates. Cells derived from a TPA-
responsive colony were propagated in selection medium to a quantity
of 1-10 x IO6 cells and then used for further experiments. Cellular

extracts for determination of CAT activity in single clone cultures were
made by freeze thawing of cells that had been harvested with a plastic
rubber in a solution of 0.25 M Tris-HCl, pH 7.8. After the cell extracts
had been centrifuged at 500 x g for 2 min (+4Â°C)in a microfuge

(Sigma, 2K 15), the supernatants were analyzed for CAT activity as
described (23). The protein concentration of each supernatant was
determined by the method of Bradford (24).

RESULTS

The effect of B859-35 on a partially purified PKC preparation
from NIH3T3 cells is demonstrated in Fig. 2. Under the con
ditions used, half-maximal inhibition was obtained at approxi
mately 2.5 MMconcentration of the compound. The inhibition
was competitive with regard to phosphatidylserine with a KÂ¡of
1.72 MM for 2.5 fiM B859-35, as calculated from a double
reciprocal plot (Fig. 3). Under biological conditions, the active
form of PKC is bound to the plasma membrane, where it is
exposed to unknown local concentrations of phospholipids (25).
The competition with phosphatidylserine thus raised the ques
tion whether the enzyme is equally affected by B859-35 in intact
cells.

In order to obtain information on PKC activity in intact cells,
we determined the PKC-mediated activation of the Na+/H+

antiporter. We have shown previously (16) that, in NIH3T3
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Fig. 2. Effect of B859-35 on PKC activity. PKC partially purified from NIH3T3
cells was measured as described in "Materials and Methods." The enzyme (0.75
Mgprotein/25 //ll was incubated for 15 min in the presence of 1 tiM phosphati-
dylserine, 3 UM 1,2-dioctanoyl-rar-glycerol, I mM CaCIÂ¡,and concentrations of
B859-35 as indicated. A, values of three independent experiments |Â±SEM
(bars)].

A control
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Fig. 3. Inhibition of PKC activity by B859-35: competition with phosphatidyl-
serine. The enzyme was assayed under standard conditions except for varying
concentrations of phosphatidylserine (as indicated) and B859-35 (2.5 and 5 UM).
Inhibition was competitive with respect to phosphatidylserine (KÂ¡= 1.72 JIMfor
2.5 JIMB859-35), as calculated from double reciprocal plot, //v (^moles/min)'1,
one tick mark represents 50 (^moles/min)'1. Each point, mean from two inde

pendent experiments, in which triplicate determinations were taken.

cells, the TPA-induced activation of the Na+/H+ antiporter is
a PKC-mediated reaction and is eliminated by PKC depletion.
Thus, the TPA-induced activation of the Na+/H+ antiporter

can be used as an indirect marker for PKC activity in intact
cells. The activity of the antiporter was determined by measur
ing the cytosolic alkalinization following addition of 10 UM
TPA to quiescent cells (26). As shown in Fig. 4, B859-35
depresses the PKC-mediated increase in cytosolic pHÂ¡with an
ICso of approximately 5 ^M. This value is close to the IC5ovalue
for inhibition of PKC in cell-free extracts. To elucidate whether
the suppression of the antiporter indeed reflects an inhibition
of PKC, a possible direct interference of B859-35 with the
antiporter has to be excluded. For this purpose, the pH-regu-
latory function of the antiporter in response to a pH challenge
was determined as described (27). A 4-h treatment of the cells
with 20 MMB859-35, which causes an almost complete inhibi
tion of TPA-induced activation of the antiporter (Fig. 4), ex
hibited only a marginal effect on the H*-stimulated antiporter

activity. This deviation was still within the limits of precision
for this procedure (Fig. 5). Concentrations of B859-35 below
20 ÃŸMwere without any detectable effect on the activation of
the antiporter by H+ ions (data not shown). It can be concluded.

therefore, that the inhibition of the Na+/H+ antiporter by B859-

35 is indeed due to an inhibition of PKC.
The stimulation of PKC by phorbol esters results in an

induction of the c-fos gene (28). This response has been shown
to require cw-acting TRE within the c-fos promoter (Fig. 6)
(29). Inhibitors of PKC should suppress the TPA-induced c-fos

expression. Fig. 1A demonstrates that this is indeed the case
for B859-35. For this experiment, NIH3T3 and HC11 cells
were stably transfected with a human c-fos(â€”711)CAT con
struct containing the bacterial chloramphenicol acetyltransfer-

ase gene under the control of the fos promoter, as described in
"Materials and Methods" (Fig. 6). In the transfected cell lines,

activation of the TRE of the c-fos promoter can thus be deter
mined by measuring the CAT activity, a procedure which, in
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Fig. 4. Depression of the TPA-induced cytosolic alkalinization by B859-35.
NIH3T3 cells were grown and prepared for pH, determination as described in
"Materials and Methods." Cells were preincubated with the indicated concentra
tions of B859-35 for 2 h. The Na*/H* antiporter was then stimulated by addition

of 10 UMTPA (final concentration), resulting in an elevation of cytoplasmic pH|.
Api I values were calculated as the difference of resting pi I, levels after adaptation
to HEPES buffer and after TPA stimulation of at least three independent
experiments. Bars, SEM.
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Fig. 5. pH challenge of the Na*/H* antiporter. NIH3T3 cells were grown and
prepared for pHÂ¡measurement as described in "Materials and Methods." An

ammonium preload technique was used for the cytoplasmic acidification. After
labeling with 2.5 J*MBCECF, the cells were kept in HEPES buffer for 10 min to
adapt to resting pH, levels (approximately pH 6.7). Where indicated (f), 10 mM
M l,< 1 (final concentration) was added, followed ([) by a buffer exchange to
remove the external NH4C1, causing an elevation of the internal H* ion concen
tration. This cytoplasmic acidification causes an activation of the Na"/H* anti-
porter, resulting in an influx of Na* and a concomitant efflux of H*. Typical
tracings of control cells (A) and cells pretreated with 20 nM B859-35 for 4 h (B)
are shown.
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A pc-fos(-711)CAT
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III "_60" 5' CCC TCACGHTACACTCAT 3'

B pBI,-TK-CAT9+ TK
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Fig. 6. Schematic representation of the c-fosCAT and TK-CAT constructs
used. A fusion gene (c-fosCAT) containing 711 base pairs of the human c-fos 5'

flanking sequence ligated to the coding sequence of the bacterial chloramphenicol
acetyltransferase (CAT) gene was used as a reporter of transcriptional activity of
the c-fos gene enhancer. A, the locations and sequences for the serum-responsive
element, the TPA-responsive element, and the cAMP-responsive element ("-60")
of the c-fos(-711)CAT plasmid (19). The pBL-TK-CAT9+ cloning vector (21)
lacks a TRE motif, and the CAT gene transcription is driven by a (â€”105/+52)-
TK promoter of the herpes simplex virus. Hatched box, CAT gene; blank boxes.
promoter elements, serum-responsive/TPA-responsive elements, cAMP-respon-
sive elements, and TK promotor, respectively.

our hands, proved to be more reliable and easier to quantify
than measuring c-fos mRNA or FOS protein directly. As dem
onstrated in Fig. 7A, 2.5 /UMB859-35 is already sufficient to
cause a significant depression of TPA-induced transcriptional
activation of the c-fos promoter. In order to further substantiate
the conclusion that the inhibition of the TPA-induced c-fos
expression by B859-35 is indeed caused by an interference with
PKC, HC11 c-fos(-711)CAT transfectants were depleted of
PKC by 24-h exposure to TPA. In these cells, restimulation by
TPA fails to induce c-fosCAT, but the cells respond to the
phosphodiesterase inhibitor IBMX, which is effective in elevat
ing the cAMP concentration of HC11 cells.4 Although the
IBMX response is somewhat attenuated in PKC-depleted cells,
probably due to a cross-talk between two signaling systems (30),
B859-35 does not interfere with the IBMX-mediated induction
of c-fosCAT activity (Fig. IB). The basal expression of CAT
driven by the fos promoter is not affected by B859-35 (Fig. 1A),
indicating that the compound does not act as a nonspecific
inhibitor of transcription or translation. This conclusion is also
supported by data demonstrating that transcription of a CAT
construct, in which CAT activity is under the control of a TK
promoter lacking a TRE, is also not affected by varying concen
trations of B859-35 (data not shown). The effect of B859-35
on the proliferation of NIH3T3 cells is depicted in Fig. 8. Half-
maximal inhibition is obtained at 5 ^M B859-35. This concen
tration is close to the IC50 values for inhibition of PKC in cell-
free extracts as well as in intact cells. To exclude the possibility
that the depression of the Na+/H+ antiporter and the c-fosCAT

expression by B859-35 is caused by a decrease of viable cells,
cell viability was checked by trypan blue exclusion assay and
found to be unaffected (>97%) up to 10 /Â¿MB859-35 in the
presence of 0.25% PCS for 2-6 h.

DISCUSSION

The data presented here demonstrate that B859-35 acts as
an inhibitor of PKC in cell-free extracts and that the inhibition
is competitive with regard to phosphatidylserine. As outlined

4 W. Doppler, unpublished data.

in the introduction, B859-35 represents the less potent enan-
tiomer of the L-type Ca2+ channel blocker niguldipine and
exerts anticalmodulin activity. An inhibition of PKC by Ca2+-
calmodulin antagonists has been reported by others (9-11). In

all cases, the inhibition appears to be due to an interaction of
the lipophilic drug with the hydrophobic regulatory domain of
the enzyme. However, it remains unclear whether the inhibition
of PKC by these compounds observed in cell-free extracts is of
any biological significance after exposure of intact cells to these
drugs. The data presented here demonstrate that concentrations
of B859-35 inhibiting PKC in vitro are equally effective against
PKC-dependent functions in intact cells. Thus, the anti-PKC
activity of B859-35 most likely contributes to the known phar-
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Fig. 7. Effect of B859-35 on TPA- and IBMX-induced c-fosCAT expression.
A. NIH3T3 cells were stably transfected, and isolated clones were prepared as
described in "Materials and Methods." Transfectants were growth arrested by
incubation at 0.25% PCS for 48 h. The c-fosCAT expression was induced by
exposure to 750 nM TPA present for 6 h, as indicated (cross-hatched bars). Two
h prior to TPA administration, B859-35 (final concentration, 2.5 UM)was added.
Mean CAT activities were calculated from two independent experiments per
formed in triplicate. Results are expressed as percentage of untreated controls
(basal CAT activity, 323 Â±22.5 pmol/min/mg). B, HC11 cells were transfected
with the c-fosCAT construct as described in A. Transfectants were growth arrested
by incubation at 0.25% PCS for 24 h, and CAT activity was induced by the
addition of either TPA (750 nM, 16 h) or IBMX (500 MM, 16 h), respectively.
Three h prior to TPA administration, B859-35 (final concentration, 2.5 MM)was
added. Cross-hatched bars, data from cells pretreated with 750 nM TPA for 24 h.
Inhibition of TPA-induced c-fos(-711)CAT expression by B859-35 in these cells
is equivalent to that of NIH3T3 fibroblasts. Mean CAT activities were calculated
from one experiment, in which triplicate determinations were taken [Â±SEM
(bars)]. Results are expressed as percentage of untreated or TPA long-term treated
controls (101 Â±10 pmol/min/mg, or 324 Â±25 pmol/min/mg).
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Fig. 8. Growth-inhibitory effect of B859-35 on NIH3T3 fibroblasta. After a
dual incubation of NIH3T3 fibroblasts for 72 h in DMEM supplemented with
10% PCS, cells were counted with an electronic counter, as described in "Materials
and Methods." Cellular multiplication was calculated according to the equation
displayed in "Materials and Methods." Points, values of three independent exper

iments, in which duplicate determinations were taken within each experiment [Â±
SEM (bars)].

macological effects of this compound. In view of the essential
role of PKC in mitogenic signaling (31), the inhibition of this
enzyme by B859-35 may be relevant with regard to the growth-
inhibitory activity of the drug. We would like to emphasize,
however, that the known anticalmodulin activity of B859-35
(4) may also contribute to the antiproliferative effect exerted by
this molecule, although no inhibition of any proliferation-
related, Ca2*-calmodulin-requiring enzymes by B859-35 has

been demonstrated so far.
It has been reported that cells exhibiting elevated PKC activ

ities are less sensitive to various antitumor agents. This effect
has been explained by a PKC-mediated activation of gpl70, the
product of the MDR1 gene (14). Thus, inhibitors of PKC may
be capable of reducing the pumping efficiency of pgpl70 and,
therefore, may enhance the cytotoxic activities of those antitu-

mor agents which are accepted as substrates by pgpl 70. Indeed,
B859-35 has been shown to be superior to verapamil in over
coming Adriamycin resistance in cells overexpressing the
MDR1 gene (13). Whether, and to what extent, an inhibition
of PKC by B859-35 contributes to the depression of the pump
ing activity of pgpl 70 remains to be elucidated.
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