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Summary. The newly identified drug transporter MRP is functionally linked to a multiple
drug resistance independent from P-glycoprotein. Resistance modifiers for this type of
MDR are rare at present. We analyzed the modulating effect of the highly selective
bisindolylmaleimide PKC inhibitor GF 109203X on the MRP overexpressing human MDR
sublines HL6O/AR and GLC4/ADR. Applying a 72 hour MTT-assay we demonstrate a
complete reversal of the vincristine resistance of HL60/AR cells. Adriamycin resistance
of HL60Q/AR, or vincristine resistance of GLC4/ADR were partially reversed. Furthermore,
rhodamine 123 efflux from HL60/AR was strongly modulated by GF 109203X. Since
the PKC inhibitor did not significantly influence MRP gene expression at the mRNA level
which was examined by cDNA-PCR, our results suggest either a direct interaction of the
compound with MRP or/and an indirect influence on MRP activity via altering the
phosphorylation status of the transporter. o i3s: acaderis 2ross, ine.

The ABC (=ATP binding cassette) transmembrane protein MRP (multidrug resistance
associated protein) was recently identified (1, 2) as a cause of a MDR (multiple drug
resistance) independent of the P-gp (mdr1/P-glycoprotein). The MRP accordingly
represents a phosphoprotein like P-gp {3). In fact, some influence of PKC (protein kinase
C) on a P-gp associated MDR either via phosphorylation of P-gp or/and modulation of
mdr1 gene expression is indicated by the work of several groups, and inhibition of PKC
is discussed as a new approach for overcoming MDR in cancer chemotherapy (4-7).
Therefore, it seems reasonable to ask whether a MRP associated MDR could be
influenced by a PKC inhibitor. The bisindolylmaleimide GF 109203X which is identical
with G6 6850 (Fig. 1) shows highly selective inhibition of many PKC isozymes in vitro
(IC;,: 30-200 nM) except PKC { (IC;,: 6 M), while other kinases are affected only at
distinctly higher concentrations {8-11), e.g. PKA {cAMP dependent protein kinase; 1Cg,:
33 M), G-kinase (cGMP dependent kinase; 1Cs,: 4.6 4M), or tyrosine kinases (IC5,: 94
#M}. This compound is therefore suited to address the issue. For investigation of the
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Bisindolymaleimide
(GF 109203X = G& 6850)

Figure 1. Structure of the bisindolylmaleimide GF 109203X.

biological effects on the MRP overexpressing celi lines HL60/AR (12) and GLC4/ADR
(13), we used a 72 h tetrazolium based MTT-assay. As PKC is discussed to represent
a part of a stress response activating e.g. the mdr1 gene, and PKC inhibitors thus might
be able to attenuate the activation of drug resistance associated genes (14, 15), we also
examined the effect of the compound GF 109203X on relative mrp mRNA levels by
cDNA-PCR {complementary DNA polymerase chain reaction).

The clinical relevance of MRP as a mechanism to protect tumor cells from chemothzrapy
is unknown at present. Nonetheless, we recently reported on combined increases of
mdr1/P-gp and MRP gene expression in different types of leukemias not responding
anymore to chemotherapy (16-18). Thus, the identification of chemosensitizers
modulating a MRP associated MDR might be valuable for developing new strategies for
overcoming MDR of tumor cells during cancer chemotherapy.

Materials and Methods

Cell lines. The parental, promyelocytic human ieukemia cell line HL60 (ATCC CCL 240),
and its non-P-gp MDR subline HL60O/AR (12) were cultured in RPMI1640/10% FCS
medium, the latter additionally in the presence of 100 nM daunomycin. The human small
cell lung cancer cell line GLC4, and its non-P-gp MDR subline GLC4/ADR (13) were
cultured under the same conditions, the MDR subline was maintained in the presence of
680 ng/ml adriamycin.

Drugs. GF 109203X was purchased from Calbiochem (Bad Soden/Germany).
Vincristine-sulfate (VCR), doxorubicin-HCI (adriamycin, ADR), daunomycin-HCI, and
rhodamine 123 were purchased from Sigma (Deisenhofen/Germany).

Drug sensitivity testing. Prior to analysis the MDR sublines were cultivated without the
drug used for selection for about 1 to 2 weeks. The tetrazolium based colorimetric
MTT-assay (19) was applied for determination of drug sensitivities of the cell lines in
the absence or presence of modulators. Therefore, cell aliquots were seeded in triplicate
into 96-well microtiter plates and incubated for 72 hours without or with the chosen
mixtures of drugs. The tetrazolium salt was then added to a final concentration of 0.5
mg/ml. After incubation for 4 hours, DMSO was added, and the plates were vigorously
shaken for 1 hour to dissolve the formazan crystals. Absorption was measured at 540
nm using an automatic microplate reader.

Rhodamine 123 efflux. The assay was performed as reported recently (20), all
incubations, however, were done here in the presence of complete culture medium
including 10% fetal calf serum. After washing with medium the samples were
incubated in the presence of rhodamine 123 (800 ng/ml) without or with GF 109203X
for 60 min at 37 °C. The cells were washed and resuspended in dye-free medium
without or with modulators, and incubation at 37 °C was continued for the times
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indicated. Cells were analyzed on an Epics Profile Il FACS (Coulter, Krefeld/Germany).
The excitation wavelength was 488 nm, and the cell associated rhodamine 123
fluorescence was measured at 520 nm.

PCR gene expression analysis. The preparation of total cellular RNA, the synthesis of
cDNA using random hexanucleotide primers (Boehringer Mannheim, Germany) and
RAV2 reverse transcriptase (Amersham, Braunschweig, Germany), and the cDNA-PCR
using mdr1 specific amplimers (expected size of the amplified material: 229 bp) were
performed as described (21). The conditions for PCR were modified according to (17).
The following amplimers were used for analysis of the MRP gene (expected size 326
bp; 5'-CGT GTA CTC CAA CGC TGA C-3’ (sense) and 5’-CTG GAC CGC TGA CGC
CCG TGA C-3' (antisense)), or the gapdh gene (glyceraldehyde-3-phosphate-
dehydrogenase; 23 cycles, expected size 358 bp; 5'-CGG GAA GCT TGT GAT CAA
TGG-3’ (sense) and 5'-GGC AGT GAT GGC ATG GAC TG-3’ (antisense)}. The latter
was included as a control for the amount of cDNA present in the samples. The
amplimers were established using the published cDNA sequences (1, 22). The signal
intensities were evaluated by the CS-1 Videoimager {Cybertech, Berlin/Germany) and
normalized to the signal intensities obtained using the gapdh specific amplimers.

Results and Discussion

The non-P-gp MDR cell lines used in the present work showed distinct relative
resistances to anticancer drugs (12, 13) which were approved applying MTT-assays.
Calculating the ratios of IC;, values of the MDR sublines and the parental cell lines, we
measured resistances towards vincristine of 38-fold (HL60/AR), and 23-fold
(GLC4/ADR), towards adriamycin 99-fold (HL60/AR), and 683-fold (GLC4/ADR),
respectively. The bisindolylmaleimide GF 109203X inhibited cell growth showing IC;,
values of about 14 yM (HL60 and HL60O/AR), or 7 uM (GLC4 and GLC4/ADR),
respectively. As the drug retains an almost unaltered inhibitory quality in a cellular
assay measuring the c-fos promoter activity (23), we have no reason to suspect a
significant inactivation of the agent during cell culturing. Therefore, we conclude that
a specific inhibition of the PKC isozymes affected by GF 109203X at submicromolar
concentrations in vitro, i.e. PKC a, 81, 82, vy, 4, and € {8, 9) seems not to translate in
a corresponding inhibition of cellular proliferation of the cell lines used in the present
work under the chosen culturing conditions, e.g. 10% fetal calf serum. The small cell
lung cancer cells, however, were clearly more sensitive to the agent.

The overexpression of the MRP gene in the MDR subline HL60/AR, and the influence
of the compound GF109203X thereon is shown in Fig. 2. The ¢cDNA-PCR was
performed by increasing the number of PCR cycles. The signal intensities were
calculated after normalization onto the signal intensities obtained by the amplimers for
gapdh where 23 PCR cycles were applied throughout which was proven to be in the
exponential range of PCR yield. Incubation of the HL60/AR cells for 24 hours without
or with a final concentration of 7.5 M GF 109203X was performed under standard
conditions at an initial cell densitiy of 1x10° cells/ml. Thereafter, cell counting did not
reveal any effect on cellular proliferation or vitality of the cells, which is consistent
with the data obtained by MTT-assays. Furthermore, the cDNA-PCR gene expression
analysis showed that the specific PKC inhibitor did not alter the expression of the MRP
gene at the mRNA level significantly. The analysis of material prepared from
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Figure 2. Kinetics of MRP gene expression analysis by cONA-PCR for parental
HL6B0 cells, and HL60O/AR cells untreated or treated with 7.5 M GF
109203X for 24 hours.

GLCA4/ADR cells revealed a very similar overexpression of the MRP gene as found for
HLB0/AR cells (data not shown). The virtual absence of any significant mdr1 gene
expression in HL60O/AR and GLC4/ADR cells was approved by cDNA-PCR (data not
shown).

Nonetheless, applying 72 h MTT-assays a distinct reversal of resistances was seen
using final drug concentrations between 1 M and 20 yM. Thus, starting with 1 uM
the vincristine resistance of HL60/AR was decreased in a dose dependent manner, and
the sensitivity of the parental HL60 cell line was approached at 8 uM of GF 109203X
showing no antiproliferative quality at this concentration by itself. By increasing the
drug doses further, the combined antiproliferative and MDR modulatory action of the
compound become evident (Fig. 3A). The modulation of the adriamycin resistance of
HL60/AR by the bisindolylmaleimide is shown in Fig. 3B. A pronounced effect was
seen, a complete reversal was not achievable, though. Fig. 3C demonstrates that the
compound only slightly affects the vincristine sensitivity of the parental HL60 cell line.
The marginal influence might be due to a residual expression of the MRP gene there
(see Fig. 2).

As we observed a clearly enhanced efflux of the fluorescent dye rhodamine 123 from
the MRP overexpressing HLB0O/AR cells compared to parental HLEO cells (Fig. 4), the
modulation of this efflux by the bisindolylmaleimide was investigated. At a final
concentration of 10 yM a strong inhibition of the dye efflux was seen in very good
aggreement with the resuits presented above (Fig. 4). This demonstrates that the
compound GF 109203X actually affects a transport function most likely associated
with MRP.

The influence of the bisindolylmaleimide on the vincristine resistance of GLC4/ADR
cells is shown in Fig. 5. Due to the higher sensitivity of these cell towards the
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Figure 3. Dose-dependent reversion by GF 109203X of (A) vincristine, or {B)
adriamycin resistances of the MRP overexpressing MDR subline
HLB60/AR, and (C) the influence GF 109203X on vincristine sensitivity
of parental HL6O cells.

bisindolylmaleimide itself, the resistance modulating activity appears to be overlapped
thereby.

Modulators influencing a MRP associated MDR are rare at present. Some activity of
verapamil, cyclosporin A and its nonimmunosuppressive derivative SDZ PSC 833 was
recently described using the multidrug-resistant, human large cell lung cancer cell line
COR-L23/R which obviously also overexpresses MRP (24). Another study described the
modulation of anthracycline accumulation in a variety of non-P-gp MDR cell lines
including the cell line GLC4/ADR by the isoflavonoid genistein, which inhibits tyrosine
kinases. There, MDR modulation was seen at rather high concentrations of genistein
(200 M) which were beyond the inherent cytotoxicity of the drug itself (25).

The bisindolylmaleimide GF 109203X is very specific for PKC and, allegedly, does not
influence the activity of tyrosine kinases in the micromolar concentration range

whatsoever (8-10). Thus, our results disclose a new type of chemosensitizer, acting
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Figure 4. Efflux of rhodamine 123 from HL60O and HLBO/AR cells, respectively,
and modulation of rhodamine 123 efflux from HLBO/AR cells by GF
109203X.
Figure 5. Dose-dependent reversion by GF 109203X of vincristine resistance of

the MRP overexpressing MDR subline GLC4/ADR.

already at concentrations not cytotoxic to the cells by itself, for a MRP associated
MDR. This appears to be important in view of the accumulating evidence for a MRP
induced MDR, or a multifactorial emergence of MDR not only after selection of drug-
resistant cell lines in vitro, but also in the clinics (16-18). The mechanism(s) targeted
by the bisindolylmaleimide GF 109203X are unclear at present. We and others have
shown that the compound is an effective PKC inhibitor in vitro on PKC preparations
and in cellular systems in the submicromolar concentration range (8-10, 24). On the
other hand, we demonstrate in the present work that the drug has no direct influence
on MRP gene expression under the conditions applied (Fig. 2). Thus, either a PKC
dependent function could be disturbed by GF 109203X, i.e. phosphorylation of MRP,
or/and the compound interacts directly with the drug transporter. Because of the rather
high concentrations of GF 109203X necessary to modulate the resistances of the non-
P-gp MDR cells, the assumption of a direct interaction with the transporter appears to
be reasonable. According to published data (8) the bisindolylmaleimide inhibits PKC
competitively with ATP. This might suggest that the ATP-binding site(s) of MRP are
affected here as well. Furthermore, our result do not indicate any influence of many
PKC isozymes on cellular proliferation under the chosen conditions. The reasons for the
two-fold higher sensitivity of the small cell lung cancer cell lines towards GF 109203X
are unclear at present. We also cannot explain the only partial reversion of adriamycin
resistance by this agent. One might speculate, that in case of adriamycin some other
factors not susceptible to the modulator, e.g. an altered activity of topoisomerase Ii
(26) or an increased expression of the LRP {lung cancer resistance associated protein),
are responsible for this observation (27).
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