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ABSTRACT. Chinese hamster lung cells resistant to the DNA topoisomerase II inhibitor 9-OH-ellipticine
(DC-3F/9-OH-E) are cross resistant to various drugs through the expression of the MDR phenotype. The myc
oncogene was approximately 10-fold amplified and 20-fold overexpressed in parental DC-3F cells as compared
with DC-3F/9-HO-E cells. Transfection of the resistant cells with a mouse c-myc gene did not alter the resistance
to topoisomerase I inhibitors and, in cells with a low multidrug (MDR) expression, reversed this phenotype.
Northern and Western blot analyses revealed an increased expression of pgpl in the DC-3F/9-OH-E cells, which
was not modified in the myc-transfected clones. However, myc expression in these clones resulted in an increased
expression of pgh3, roughly in proportion to the level of myc expression. Transfection of the DC-3F/9-OH-E cells
with the human MDR3 gene, homologous to pgp3, also resulted in the reversion of the MDR phenotype. These
results show that (1) expression of the transfected myc gene positively regulates pgp3 expression but has no effect
on pgpl; (2) when observed, reversion of the MDR phenotype is proportional to the levels of myc and pgp3
expression; and (3) this reversion, resulting from pgp3 expression, is associated with a decreased functional
activity of the pgpl protein and might require an appropriate balance of pgpl and pgp3 expression. Copyright ©
1996 Elsevier Science Inc. BIOCHEM PHARMACOL 53;1:59-66, 1997.
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Resistance to the DNA topoisomerase Il inhibitor 9-OH-
E§ in the Chinese hamster lung fibroblast cell line DC-3F
was associated with several phenotypic changes. DC-3F/9-
OH-E cells were cross resistant to DNA topoisomerase 1I
inhibitors through an alteration of topoisomerase Il activity
and to other drugs such as actinomycin D, VCR, and taxol
through the expression of the MDR phenotype. MDR ex-
pression differed from one subclone to another [1-3]. In
addition, 9-OH-E-resistant cells displayed a markedly re-
duced tumorigenicity. When DC-3F/9-OH-E cells were
grown for more than 18 months in the absence of a select-
ing agent, the resistance to topoisomerase II inhibitors re-
mained unchanged [3], whereas the cells tended to lose
their MDR phenotype and regain their tumorigenicity.
These observations and those of others (reviewed in [4])
suggest that in some cases the same genes that control cell
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tumorigenicity might also regulate the expression of the
MDR phenotype.

We previously showed [5] by Southern and Northern
blot analyses that the myc oncogene was approximately
10-fold amplified and 20-fold overexpressed in parental
DC-3F cells as compared with normal Chinese hamster
lung fibroblasts. Both amplification and overexpression
were markedly decreased in the drug-resistant cells. Trans-
fection of a DC-3F/9-OH-E line expressing the MDR phe-
notype at a low level (approximately 4-fold resistance to
VCR) with c-myc neither restored tumorigenicity nor sen-
sitivity to 9-OH-E but reversed the MDR phenotype almost
in proportion to exogenous myc gene expression [5]. Unex-
pectedly, an increased accumulation of MDR transcripts
was observed in the myc-transfected clones, also in propor-
tion to myc expression. This observation raised the issue of
the mechanism of this reversion.

Mammalian mdr genes belong to a small family of highly
homologous genes that encode membrane-bound glycopro-
teins [6]. On the basis of their functional properties, these
proteins may be classified into two groups: class I includes
the human MDRI gene, the mouse mdrl (or mdrlb) and
mdr3 (or mdrla) genes and the Chinese hamster pgpl and
bgp2 genes, which encode proteins that act as ATP-
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dependent pumps to lower the intracellular concentrations
of certain cytotoxic drugs; class II includes the human
MDR3 (or MDR2), the mouse mdr2 gene and the Chinese
hamster pgp3, which are not involved in drug resistance.
Recently, the mouse mdr2 protein was shown to be a phos-
phatidylcholine transferase required for the secretion of
phospholipids into bile [7, 8].

In this paper, we report that the MDR phenotype in the
DC-3F/9-OH-E cells resulted from an increased expression
of the pgpl gene. In the myc-transfected cells, pgpl expres-
sion was not modified, whereas the expression of pgh3 was
induced in proportion to myc expression. In cells expressing
the pgpl gene at a low level, myc transfection was also
associated with a reversion of the MDR phenotype. Fur-
thermore, transfection of these cells with the human MDR3
gene, which is homologous to pgp3, also resulted in the
reversion of the MDR phenotype. This reversion, resulting
from the functional inhibition of the pgpl protein, was not
observed in a DC-3F/9-OH-E line expressing pgp! at a high
level (approximately 40-fold), thus suggesting that it re-
quires the coexpression of the pgp! and pgp3 genes in the
same cell with an appropriate balance.

MATERIALS AND METHODS
Cell Cultures

The Chinese hamster cell line DC-3F and the 9-OH-E-
resistant subline DC-3F/9-OH-E have been previously de-
scribed, as have the media and growth conditions [1].

Selection of the myc-transfected clones has been previ-
ously described [5]. Briefly, the DC-3F/9-OH-E cells were
cotransfected with two plasmids: pSVc-myc carried exons 2
and 3 of the mouse c-myc gene and pSVtk-neo-B conferred
resistance to the antibiotic G418. The transfected clones,
first selected for resistance to the antibiotic, were then as-
sayed for the expression of the transfected myc gene by
Northern blot analysis.

A similar cotransfection and selection procedure was
used to introduce the human MDR3 cDNA in the DC-3F/
9-OH-E cells. The plasmid p]3W%-MDR3, which contained
the MDR3 coding sequence {3839 nt), was obtained from
ATCC (Rockville, MD, USA).

Cellular accumulation of *H-vincristine was determined
according to the method of Charcosset et al. [9].

RNA Blot Analysis

Polyadenylated RNAs from the different cell lines were
purified from total RNA using the mRNA purification kit
from Pharmacia LKB Biotechnology (Uppsala, Sweden)
and by following the manufacturer’s instructions. Three
probes, A, B and C, which specifically recognize the mouse
mdrla, mdrlb and mdr2 genes respectively [10], were kindly
provided by Dr. S. Horwitz. Purified mRNAs (4.5 pg) were
successively hybridized with probes A, B or C under the
conditions described by Hsu et al. [10] except that prehy-
bridization and hybridization were carried out at 52°C in
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40% formamide. Under these conditions, probes A, B and
C also specifically recognize the Chinese hamster pgpl,
pgp2 and pgp3 sequences.

By following Dr. A. H. Schinkel’s (Amsterdam) instruc-
tions, a human MDR3-specific probe [11] was isolated using
Hind Il and BamHI, which produced an approximately
1000-bp-specific 5 MDR3 fragment.

Immunoblot Analysis of MDR Proteins

Plasma membrane proteins were prepared as described by
Roy and Horwitz [12] and resolved on 7.5% SDS-PAGE
gel. After electroblot transfer, nitrocellulose blots were
probed with a rabbit polyclonal antibody (R3) whole serum
raised against the mouse MDR protein (1:200 dilution), as
described by Zeheb et al. [13]. The R3 antibody was kindly
provided by Dr. S. Horwitz. After 3 hr of incubation at
room temperature and rinsing, buffer A [13] containing the
anti-rabbit Ig 1?°-labeled whole antibody (14 uCi/pg; 10°
cpm/mL), was added for 1.5 hr at room temperature. After
rinsing, the membrane underwent autoradiography.

Immunoblot Analysis of the c-myc Protein

Cell lysate preparation, electroblotting onto nitrocellulose
papers and probing with the antibody were carried out as
described by Evan et al. [14]. The pan-myc (XM5FB) an-
tibody, a rabbit polyclonal antibody raised against a syn-
thetic peptide (APSEDIWKKFEL), kindly provided by Dr.
G. Evan, was diluted 1:500. Detection with the anti-rabbit
Ig ?°I-labeled antibody was carried out as above.

RESULTS
Characterization of myc Expression and MDR
phenotype in the myc-Transfected DC-3F/9-OH-E Cells

As previously reported, the myc gene was first transfected in
a DC-3F/9-OH-E line expressing the MDR phenotype at a
low level [5]. Three clones with different transcription lev-
els of the transfected myc gene (clone 7 > clone 5 > clone
13) and one clone (clone 1) transfected only with the
(G418-resistance plasmid were selected for further analysis.

We first examined the expression of the transfected myc
gene at the protein level. Figure 1 (lane 1) shows that in the
parental DC-3F cells the pan-myc antibody essentially rec-
ognized two proteins with mobilities corresponding to mo-
lecular weights of approximately 67 and 62 kDa. These
proteins were virtually 3-fold less abundant in DC-3F/9-
OH-E cells (lane 2) and in clone 1 (lane 3) than in DC-3F
cells (lane 1). In the myc-transfected clones, a markedly
increased expression of p62 was observed: for example, in
clone 7 (lane 5), p62 expression was approximately 15-fold
higher than in the untransfected cells and 10-fold higher
than in the parental DC-3F cells. These results are consis-
tent with our previous Northern blot experiments showing,
in clone 7, a 30-fold increased myc transcription as com-
pared with the DC-3F cells [5]. As expected from the pSVc-
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FIG. 1. Expression of the myc protein in the c-mye-
transfected clones. Nuclear proteins (80 pg) were resolved
on SDS-10% polyacrylamide gels, blotted to nitrocellulose
membrane and probed with the pan-myc antibody XM5FB
as described in Materials and Methods. Lane 1: DC-3F; lane
2: DC-3F/9-OH-E; lane 3: clone 1; lane 4: clone 5; lane 5:
clone 7; lane 6: clone 13.

myc structure, which does not allow the expression of this
protein, p67 was not significantly affected.

Determination of drug sensitivity in the myc-transfected
clones indicated a reversion of the MDR phenotype [5]. To
confirm this observation, the uptake of *H-VCR was com-
pared in the different clones; Fig. 2 shows that the uptake
of the drug was approximately 20% lower in the untrans-
fected DC-3F/9-OH-E than in the parental DC-3F cells.
Uptake of the drug in clone 1 was similar to that in the
untransfected DC-3F/9-OH-E cells, whereas in clone 7 it
was very close to that in the parental DC-3F cells. Because
the lethal effect of a cytotoxic agent is an exponential
function of the drug intracellular accumulation [15], a 20—
25% decreased drug uptake is consistent with a 4-fold drug
resistance.

These experiments show that the reversion of resistance
to VCR in the myc-transfected DC-3F/9-OH-E cells was
associated with an increased uptake of the drug, thus indi-
cating an alteration of the MDR function related to the myc
overexpression.

Expression of the pgp Genes in myc-Transfected Cells

In a previous work [5] using a 1.3-kb EcoRI-HindllI frag-
ment from the mouse mdr3 gene, which recognizes the
three pgp genes as a probe, we observed an increased ex-
pression of these genes in DC-3F/9-OH-E cells as compared
with parental DC-3F cells and a further increase in myc-
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transfected clones. We now examine the expression of the
pgpl, 2, and 3 genes by Northern blot analysis using three
probes, A, B and C, previously described by Hsu et al. [10]
that specifically recognize the mouse mdrla (mdr3), mdrlb
{mdrl) and mdr2 genes, respectively. Under appropriate
stringency conditions, these probes also specifically recog-
nize Chinese hamster pgp!, pgp2, and pgp3 genes, respec-
tively. After fractionation by electrophoresis (1.2% aga-
rose) and transfer to Hybond-N membrane, purified poly-
adenylated RNAs isolated from different cell types were
successively hybridized with probes A, B and C.

Figure 3A shows that detection of pgpl transcripts with
probe A reveals an increased expression of the pgpl gene in
the DC-3F/9-OH-E cells (lane 2) as compared with the
parental DC-3F cells (lane 1). In different experiments, an
average 2-fold difference was observed, which is consistent
with the low level of MDR resistance in this particular
clone of DC-3F/9-OH-E cells. The pgpl expression in clone
1 (lane 3) was identical to that in the untransfected cells
and remained unchanged in the myc-transfected clones
(lanes 4-6}. As a control, lane 7 shows a large overexpres-
sion of pgpl in the DC-3F/AD X variant, a cell line selected
for a several-thousand-fold resistance to actinomycin D and
that overexpresses the MDR protein. Figure 3B shows that
probe B did not recognize any transcript in these cells, thus
indicating that pgp2 did not play a part in the MDR phe-
notype of the DC-3F/9-OH-E cells. In contrast, Fig. 3C
shows that the pgh3 gene was specifically expressed in the
myc-transfected clones (lanes 4-6), roughly in proportion
to the level of myc expression.

Western blot analysis of the MDR proteins (Fig. 4} con-
firms these results. The pgpl protein, with a molecular
weight of approximately 160 kDa, was present in all the
tested cell lines. As discussed by Schinkel et al. [11], be-
cause of possible variations in the glycosylation of these
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FIG. 2. Cellular accumulation of VCR. Cellular accumula-
tion of *H-VCR (0.01 pg/mL) was determined as described
elsewhere [8]. Each point represents the average of two in.
dependent experiments in which each determination was
carried out in duplicate. The error bars correspond to the
standard deviation on each point. Solid triangle, DC.3F;
open triangle, DC-3F/9-OH-E; circle, clone 1; square, clone 7.
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FIG. 3. Northern blot analysis of pgpl, pgp2 and pgp3 ex-
pression in myc-transfected cells. Purified polyA-RNAs (4.5
ng/lane) were size fractionated by agarose gel electrophore-
sis, transferred to Hybond membrane and successively hy-
bridized with pgpl (A), pgp2 (B), pgp3 (C) and actin (D)
probes. Details are given in Materials and Methods. Lane 1:
DC-3F; lane 2: DC-3F/9-OH-E; lane 3: clone 1; lane 4: clone
5; lane 5: clone 7; lane 6: clone 13; lane 7: DC-3F/ADX.
Arrowheads on the left indicate the expected positions of
the pgp genes transcripts. The position of the 288 RNA is
shown on the right.

proteins, the appearance of pgp bands was fuzzy. Therefore,
weak differences, such as those expected to be associated
with the low level of the MDR phenotype in the untrans-
fected DC-3F/9-OH-E cells, are difficult to determine pre-
cisely. In most experiments, the intensity of this band was
increased by approximately 1.5-2-fold in all the resistant
lanes as compared with the sensitive cells in lane 1. This
protein was the only MDR protein expressed in clone 1
(lane 3) and in the DC-3F/ADX variant (lane 8). In con-
trast, the three myc-transfected clones contain an addi-
tional MDR protein, with a molecular weight of about 145

C. Delaporte et dl.

kDa, which may correspond to the pgp3 protein. In agree-
ment with the Northern blot analysis, this protein was most
abundant in clone 7 (lane 5). A faint 145-kDa band was
also detectable in the untransfected resistant cells. How-
ever, as shown in lane 9, this band was not detected in
other experiments.

All these experiments indicate that the reversion of the
MDR phenotype in the myc-transfected cells did not result
from a decreased expression of pgpl. In contrast, pgh3 ex-
pression appeared to be specifically induced by myc in a
dose-dependent manner.

A relation between the expression level of the trans-
fected myc gene and the induction of pgp3 is further sup-
ported by the growth-phase dependence of pgp3 expression
in clone 10. In most of the myc-transfected clones, the
transfected myc gene was expressed at about the same level
during the exponential and plateau phases of growth, as
expected for a gene under the control of an SV40 promoter.
Similarly, pgp3 expression in these clones was independent
of the growth phase. For example, Figure 5 (lanes 5 and 6)
shows that in clone 7 myc expression was even slightly
increased at the plateau phase, as was pgp3 expression.
However, among the myc transfectants initially isolated,
clone 10 displayed a different behavior: as shown in lanes 7
and 8, the myc expression level in clone 10 was decreased
about 7-fold at the plateau phase as compared with the
exponential phase (Fig. 5A), and a comparable decrease in
the pgp3 expression (Fig. 5B) was also observed.

Taken together, these results show that in the myc-
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FIG. 4. Immunoblot analysis of pgp gene products in myc-
transfected cells. Plasma membrane-enriched subcellular
fractions (40 pg) were resolved on SDS-7% polyacrylamide
gels, electroblotted to nitrocellulose filters and probed with
the R3 antibody (see Materials and Methods). Lane 1: DC-
3F; lane 2: DC-3F/9-OH-E; lane 3: clone 1; lane 4: clone 5;
lane 5: clone 7; lane 6: clone 13; lane 7: clone 10; lane 8:
DC-3F/ADX; lane 9: DC-3F/9-OH-E control from an inde-
pendent experiment.
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FIG. 5. Growth-phase dependence of myc and pgp3 expres-
sion. Purified polyA-RNAs were prepared from the different
cell lines either during the exponential phase of growth or at
the plateau phase. After fractionation by agarose gel elec-
trophoresis (4.5 pg/lane) and transfer to Hybond mem-
brane, the RNAs were successively hybridized with myc
{A), pgp3 (B) and actin (C) probes. Experimental conditions
are as described in Materials and Methods. Lanes 1-2: DC-
3F, exponential and plateau; lanes 3—4: DC-3F/9-OH-E, ex-
ponential and plateau; lanes 5-6: clone 7, exponential and
plateau; lanes 7-8; clone 10, exponential and plateau. The
arrowhead on the left indicates the expected position of the
pgp3 transcript.

transfected DC-3F/9-OH-E cells pgh3 expression is posi-
tively regulated through the expression of the transfected
myc gene.

Transfection of the Human
MDR3 Gene in DC-3F/9-OH-E Cells

The absence of modification of pgbl expression in the myc
transfectants associated with the induction of pgp3 expres-
sion suggests that the coexpression of pgpl and pgp3 could
be responsible for the reversion of the MDR phenotype in
these cells. This hypothesis could be directly tested by
transfecting the pgh3 gene in the DC-3F/9-OH-E cells.
However, because hamster pgp3 cDNA was not available,
this experiment was carried out with its human homolog,
MDR3. The plasmids pJ-W-MDR3 and pSVtk-neo-p were
cotransfected in cells derived from the same DC-3F/9-
OH-E subclone used in the previous experiments.

The transfected cells were selected for G418 resistance
and then tested for MDR3 expression. From approximately
40 tested clones, only 4 stable MDR3-expressing clones
were obtained. A similar low proportion of expressing
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clones was previously reported for this gene [11]. A North-
ern blot analysis of MDR3 and pgpl expression in these
clones is presented in Fig. 6. A high level of MDR3 expres-
sion was detected in one clone (cl 47), and a lower level
was detected in the other clones, as shown for cl 58 in Fig.
6B. The pgpl expression was not modified in the transfected
cells (Fig. 6C). The resistance to VCR was about 2-fold
lower in cl 58 than in the untransfected cells and almost
completely abolished in cl 47 (Fig. 7), thus showing that
MDR3 overexpression is associated with the reversion of
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FIG. 6. Northern blot analysis of MDR3 expression in pJ3-
W-MDR3-transfected clones. After size fractionation by
agarose gel electrophoresis and transfer to Hybond mem-
brane, purified polyA-RNAs were successively hybridized
with the MDR3 (B) and pgp1 (C) specific probes. (A) Ethid-
ium bromide staining of the gel. Lane 1: DC-3F; lane 2:
DC-3F/9-OH-E; lane 3: cl2 (transfected with pSVtk-neo-B);
lane 4: cl47; lane 5: cl158. Arrowheads on the left indicate
the expected positions of the MDR3 (B) and pgp1 (C) tran-
scripts.
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FIG. 7. Toxicity of VCR on DC-3F/9-OH-E cells transfected
with pJ3-Q-MDR3. Cloning efficiency was determined after
3 br exposure to the indicated drug concentrations. Each
point is the average of two independent experiments, each
done in triplicate. Solid triangle DC-3F; open triangle, DC-
3F/9-OH-E; diamond, cl2; circle, cL47; square cl58.

the MDR phenotype, again in relation to the expression
level of the transfected cDNA.

These data indicate that the reversion of the MDR phe-
notype in the myc-transfected cells results from an alter-
ation of pgp3 expression relative to that of pgpl. To inves-
tigate this hypothesis further, we then examined the effect
of myc overexpression in cells expressing pgpl at a different
level.

Transfection of the myc Oncogene in
Cells with a High MDR Expression Level

A DC-3F/9-OH-E clone, named variant A, with a pgpl
amplification yielding an approximate 40-fold resistance to
the MDR-sensitive drugs, was transfected with the pSVc-
myc and pSVtk-neo-B plasmids. Twenty-five clones resis-
tant to G418 and expressing high levels of the transfected
myc gene were selected. In all, the resistance to VCR re-
mained unchanged. Four of these clones with different myc
expression levels (Fig. 8A, lanes 4-7) were further analyzed
for pgpl and pgp3 expression. Figure 8B shows that the
expression of pgpl in variant A (lane 2) and in the myc
transfectants, was about 20-fold higher than in the DC-3F
cells (lane 1). Taking into account the loading differences
measured from the hybridization signal with the actin probe
shown in Fig. 8D, this experiment confirms that myc over-
expression has no influence on the expression of pgp!l. Fig-
ure 8C also shows that pgp3 expression was induced in these
clones, again roughly in proportion to the myc expression
level. Therefore, despite a pgp3 induction comparable to
that observed in clone 7 (lane 8), there was no reversion of
the MDR phenotype in these cells. If the previous hypoth-
esis is correct, this means that MDR phenotype reversion in
cells coexpressing pgp! and pgp3 is only observed when both
genes are expressed at comparable levels.
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FIG. 8. Induction of pgp3 expression after myc transfection
in DC-3F/9-OH-E cells expressing a high level of pgpl. A
DC-3F/9-OH-E subclone about 40-fold resistant to VCR
(variant A) was cotransfected with the G418-resistance plas-
mid pSVtk-neo-B and pSVe-myc [5]. Purified polyA-RNAs
(4.5 pg/lane) were size fractionated by agarose gel electro-
phoresis, transferred to Hybond membrane, and succes-
sively hybridized with myc (A), pgp1 (B), pgp3 (c) and actin
(D) probes. Experimental conditions are as described in Ma-
terials and Methods. Lane 1: DC-3F; lane 2: untransfected
variant A; lane 3: variant A transfected with the pSVtk-
neo-B plasmid alone; lanes 4-7: clones A-D transfected with
both plasmids; lane 8: clone 7. Although clone 7 RNA was
hybridized on the same blot, the corresponding lane was cut
to place it next to clone D and facilitate the comparison with
the other myc-transfected clones. Arrowheads on the left
indicate the expected positions of the pgp1 (B) and pgp3 (C)
transcripts. Because of the high pgpl expression levels in
variant A, the short exposure time of this autoradiography
did not allow the visualization of the DC-3F and clone 7
bands.
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DISCUSSION

The DC-3F/9-OH-E cells, selected for resistance to the
topoisomerase Il inhibitor 9-OH-E, were cross resistant to
other drugs such as actinomycin D, adriamycine, VCR and
taxol, which are sensitive to the MDR phenotype [1-3].
Expression of the MDR phenotype in the DC-3F/9-OH-E
cells was demonstrated by (1) a decreased cellular accumu-
lation of actinomycin D, adriamycine and VCR {2]; (2) the
reversion of this cross-resistance pattern in the presence of
verapamil, which restores a normal uptake of the different
drugs [2]; and (3) an increased expression of the pgp genes
{5]. However, from one subclone to another the expression
of the MDR phenotype is variable, from approximately 4-
to 40-fold [3].

Overexpression of a transfected myc gene in one DC-3F/
9-OH-E subclone that expressed a low level MDR pheno-
type did not alter the resistance to topoisomerase 11 inhibi-
tors but reversed the resistance to the MDR-sensitive drugs
such as VCR, actinomycin D or taxol [5]. We show here
that VCR accumulated at the same level in the parental
sensitive DC-3F cells and in the myc-transfected clone 7,
whereas drug accumulation was decreased by approximately
20% in the resistant DC-3F/9-OH-E cells. These data in-
dicate that MDR phenotypic reversion in myc-transfected
cells is associated with a decreased functional activity of the
MDR protein, which may result from either a decreased
synthesis of this protein or the inhibition of its activity.

Using specific probes, the transcripts corresponding to
the three pgp genes were analyzed in two DC-3F/9-OH-E
sublines: the 4-fold VCR-resistant subclone used in the
myc-transfection experiments and a 40-fold VCR-resistant
subclone. This study first revealed that the expression of the
pepl gene is increased in proportion to the resistance level,
thus accounting for the MDR phenotype. Then, regardless
of the initial pgpl expression level, myc overexpression in
the transfected cells had no effect on pgpl expression.
Western blot analysis of the pgpl protein confirmed that a
decreased synthesis of this protein is not responsible for the
reversion of the MDR phenotype. An inverse correlation
between expression of the human mdr! gene and the N-myc
oncogene has been previously described in human neuro-
blastomas [16] but was not observed in this system. Our data
show that reversion of the MDR phenotype in the myc-
transfected DC-3F/9-OH-E cells results from a functional
alteration of the pgpl protein and not from the modulation
of pgbl expression.

In the myc-transfected clones, pgp3 expression was in-
duced in proportion to the myc expression level. The posi-
tive regulatory effect of myc on pgp3 was confirmed by the
experiments on clone 10, where pgb3 expression parallels
the variation in myc expression during the cell growth
phases. The molecular basis of this regulation is not pres-
ently understood. Two translational forms of the Myc pro-
tein have been identified in all species examined so far, and
functional differences have been reported for these proteins
[17]. In the myc-transfected clones, only the expression of
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the ¢-Myc 2 protein (p62) is increased. The lack of pgp3
induction in the parental cells suggests that it requires a
certain threshold of c-Myc 2 synthesis and/or a qualitative
alteration of myc regulation. Expression of the MDR genes
is tissue specific [18, 19] and apparently controlled by mul-
tiple regulatory mechanisms (reviewed in [20]). The pres-
ence in the c-Myc protein of structural motifs seen in a
number of transcription factors and the identification of
genes directly upregulated by c-myc [21, 22] demonstrate
the capacity of this gene to modulate gene expression. The
c-Mye-specific DNA binding sequence CACGTG is not
present in the pgpl promoter. If this motif were present in
the sequence of the pgh3 promoter, then a direct regulation
of this gene by myc would be possible. Alternatively, myc
probably modulates the activity of a number of genes, one
of which might be a mediator in a regulation pathway of
pgp3.

Transfection of the human MDR3 ¢cDNA in the DC-3F/
9-OH-E cells also resulted in the reversion of the MDR
phenotype, thus supporting a direct link between pgp3 ex-
pression and MDR reversion in the myc-transfected cells. In
DC-3F/9-OH-E cells expressing a low MDR, both the level
of pgp3 induction and MDR reversion correlated with the
myc expression level. In cells expressing a high MDR, the
reversion of this phenotype was not observed, thus suggest-
ing that it requires an appropriate balance between the
expression levels of both pgp genes. Recently, the mouse
mdr2 gene {homologous to pgp3 and MDR3) was shown to
act as a specific lipid flippase, which has no activity as a
drug transporter [8]. However, some experimental data (re-
viewed in [6]) indicate that the functional transporter for
the P-glycoprotein could be a multisubunit protein (dimer
or even tetramer). The pgp3 expression might then antago-
nize the activity of the pgpl protein by a direct interaction,
leading to the formation of an inactive protein complex.
However, the simultaneous expression of class 1 and Il
MDR genes, previously observed in some normal tissues [23,
24], suggests that an interaction between their products
could only take place in cells presenting a deregulation of
their expression, e.g. through an overexpression of myc.
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