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Chemotherapy can result in the cure of some wi-
despread malignancies and when cure is attained, it
seems to occur rather quickly. If the cancer per-
sists even though treatment is being properly ad-
ministered, this particular tumor will soon become
resistant to the drug therapy being used. During
the past several years, many excellent reviews
have appeared on the topic 
of clinical drug resistance in cancer which can be 
divided into two categories: intrisic and acquired.
The former relates to the failure to respond to ini-
tial chemotherapy of some primary solid tumors.
Acquired resistance appears when a tumor initialy
responds to single drug or combination therapy, but
relapses and de-velops cross-resistance to the ori-
ginal treatment and to many other anticancer
drugs to which it has never been exposed, elimina-
ting the possibility of curing. Many types of leuke-
mias, lymphomas, sarcomas and testicular can-
cers fall into this category. Most of metastatic
cancers are intrinsicallly resistant or recur as
those having acquired chemotherapy resistance.
Thus, resistance to chemotherapy remains a ma-
jor obstacle in controlling cancer. In human can-
cer, the resulting broad-spectrum of resistance
against structurally unrelated cytotoxic drugs has
been termed multidrug resistance (MDR) or pleiotro-
pic drug resistance. It is generally agreed that the
process of malignant transformation can activate ex-
pression of the MDR phenotype as a consequence of
mutations due to the inherent genetic instability of
tumors. Treatment of tumors with drugs could se-
lect a subpopulation of preexisting mutant cells
which are resistant and responsible for the subse-
quent growth of the tumor.
Investigation of MDR has been greatly improved
because cells grown in tissue culture from multi-
drug-resistant tumors mimetize patterns of re-
sistance in vitro similar to those seen in situ. Tu-
mor cell lines in culture acquire the MDR
phenotype by growing in the continuous presence
of a particular drug and it is important to realize
that resistance to a concrete drug can be achieved
by more than one mechanism. The genetic altera-
tions that confer the MDR pattern can affect sus-

ceptibility of cells to apoptosis
1
, cellular drug me-

tabolism, cell cycle dynamics, uptake and efflux of
drugs, repair of drug-induced damage, etc. Initial
studies on multidrug-resistant cell lines revealed
that a consistent characteristic of resistance was
reduced accumulation of drugs within the cells

2
.

Although different mechanisms may cause clinical
drug resistance: p53 mutations, upregulation of
bcl-2, mismatch DNA repair enzymes, etc., the
most extensively studied mechanism involves the
overexpression of cellular drug efflux transpor-
ters responsible for decreasing or redistributing
intracellular accumulation of drugs away from
target organelles, thus, contributing to the defen-
se of cancer cells against carcinostatic drugs. The
first report suggesting active drug extrusion of
the anticancer daunorubicin is due to Dano

3
(1973)

working on multidrug-resistant Ehrlich ascites
cells. Three years later, Juliano and Ling

4
identi-

fied a glycoprotein of 170 Kda called P-glycopro-
tein (Pgp) in the plasma membrane of MDR cells
which correlated with the degree of drug resistan-
ce in several cell lines. Identification of Pgp as a
transporter for diverse anticancer drugs, confe-
rred to this protein a critical role as the molecular
entity accounting for the major characteristics of
MDR cells, i.e., cross-resistance and reduced in-
tracellular drug accumulation. Tumor cell lines
overexpressing Pgp are cross-resistant to vinca
alkaloids, anthracyclines, epipodophyllotoxins, ta-
xanes, cyclic and linear peptides, HIV protease in-
hibitors, etc., but retain their sensitivity to alky-
lating agents and antimetabolites. The first group
of drugs, all are presumably selected substrates
for Pgp transport confirming the lack of specifi-
city of the protein. Although there is still conside-
rable controversy about the mechanism by which
Pgp exports so many structurally different
agents, the most recent hypothesis suggests that
Pgp functions as a «hydrophobic vacuum cleaner»
removing substrates from the plasma membrane

5
.

Strong evidence in support of the role of Pgp in
multidrug resistance came in 1982 when transfer
of DNA from resistant cell lines to drug-sensitive
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cells confer resistance to the latter
2
. Actually, we

know that Pgp is a complex multispanning mem-
brane protein that belongs to the ABC (ATP-bin-
ding casette) transporters, i.e., utilizes ATP hy-
drolysis as fuel to export antineoplastics against a
drug concentration gradient, and has been bioche-
mical, cellular and pharmacologically characteri-
zed

2,6,7
.

It is well established that overexpression of Pgp
represents a highly frequent molecular event linked
to many human tumors with either intrinsic or ac-
quired drug-resistance. In humans, despite two
closely related genes, mdr1 and mdr2 encode ho-
mologous P-glycoproteins, only the mdr1 gene has
been linked to multidrug resistance. The mdr1 gene
was cloned in 1986

8
and on the basis of sequence

homology with carrier proteins, a putative trans-
port funcion was assigned to the mdr1 protein pro-
duct. However, two relevant aspects should be re-
alized when comparing in vitro and in vivo
drug-resistance: first, there is a widespread dis-
tribution of Pgp in some normal human tissues
where the protein is presumably protecting healthy
cells from xenobiotics

7
and responsible for intrin-

sic resistance in case of cancer. Second, some re-
sistant cancers show no detectable expression of
mdr1 in support of the complex drug-resistance
pattern that implies the ocurrence of mechanisms
other than the sole overexpression of Pgp. Some of
these mechanisms include glutathione (GSH) meta-
bolism, alteration of topoisomerase II (the reader
is referred to an excelent review by Bautista de
Lucio et al

9
on the importance of topoisomerase II in

cancer multidrug resistance in this issue), presen-
ce of different drug transporters as the lung resis-
tance protein (LRP), the breast resistance protein
(BCRP), the multidrug resistance-associated pro-
tein family (MRP), etc. The latter was discovered
in 1992

10
and accounts for resistance to antimeta-

bolites or alkylating agents which are no substra-
tes of Pgp. It is expected the characterization of
new multidrug resistance transporters in the near
future including ones that belong to the MRP (so
far, nine members have been identified) and mdr1
families. Special mention must be devoted to the
M R P
family which shares some characteristics of Pgp for
ins-tance, it belongs to the ABC transporters su-
perfamily, can transport anthracyclines and vinca
alkaloids (probably cotransported with GSH) and is
also present in several normal tissues

11
. However,

while Pgp substrates are neutral or slightly basic
organic compounds, MRP preferably transports
drugs conjugated with sulfate, glucoronate or GSH
including methotrexate, arsenite or cisplatin

12
. Alt-

hough the role of MRP in drug resistance is not so
established as in the case of Pgp, it 

seems reasonably to assume that coexistence of
these two proteins in cancer (regardless of addi-
tional mechanisms), would account for resistance
to most anticancer drug protocols used in clinical
treatments. In spite off the lack of definite conclu-
ding findings to evaluate the relevance of Pgp and
MRP in human drug resistance tumors, they are
the targets of several anticancer efforts in clinical
studies, since the overexpression of these proteins
in addition to reflecting drug resistance, has also
been associated with poor prognosis, invasion and
metastasis

13,14
.

Which are the perspectives to prevent or circum-
vent drug resistance mediated by Pgp and MRP in
human cancers? Two important considerations must
be taken into account during chemotherapy: first,
bone marrow stem cells need to be protected while
cancer cells lose chemoprotection by Pgp or MRP.
Second, the physiological activity of both transpor-
ters for the body’s defen-
se against xenobiotics should be prevented mainly in
the central nervous system and testis. Different in-
dividual or combined strategies are currently in
progress to overcome drug resistance: 1) sequen-
tial high-dose combination chemotherapy to reduce
the emergence of different mechanisms of resistan-
ce

15
; 2) protein and gene-directed therapy using an-

tisense oligonucleotides
16

or monoclonal antibodies
against Pgp and MRP

17
, insertion of the mdr1 gene

into normal human bone marrow cells or into stem
cells removed from cancer patients and then reinfu-
se back into them to tolerate higher doses of the
drugs; 3) modulation of Pgp and MRP expression th-
rough the interaction with genes or proteins related
with tumorigenesis or tumor progression (mutant
p53, heat-shock proteins, etc.), and 4) search for
new anti-cancer drugs that escape from the trans-
port by Pgp and MRP

18
and chemosensitizers

13,19
that

restore the sensitivity of tumors to anticancer
agents by blocking the Pgp and MRP drug efflux ac-
tivity, thus, raising the concentration of drugs insi-
de the cells. In this regard, natural or synthetic
combinatorial chemistry is a novel powerfull tool
for the development of varied series of compounds
with promising chemotherapeutic activity.

Transfer of the discovery of the Pgp, MRP and ot-
her drug pumps to the clinical environment appe-
ars to be important according to the increasing
number of companies with multidrug resistant
programs. Identification of which of these proteins
contributes to resistance, to which anticancer
drugs and in which tumors, represents a formida-
ble challenge to significantly improve the diagnos-
tic and therapeutic benefit of patients suffering
from cancers with the multidrug resistance phe-
notype.
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