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SUMMARY
The authors studied 26 patients (7 with multiple myeloma, 6 with
lymphoma and 13with breast cancer) to try and predict resistance
to doxorubicin therapy in vitro by staining for P-glycoprotein.
Ten (38%) of the patients had had no prior chemotherapy and
16 (62%) had received prior cytotoxic chemotherapy including
vinca alkaloids and/or doxorubicin in addition to other agents.
Fresh tumour tissue (bone marrow aspirated from myeloma
patients and lymph node or tumour nodules from patients with
lymphoma and breast cancer) were subjected to immunopatho-
logical examination and in vitro drug sensitivity testing. The
expression of P-glycoprotein was assessed on frozen sections or
cytospin slides from tumour cell suspensions prepared with
murine monoclonal antibodies (JSB-l and C-219). The parenteral
8226 doxorubicin-sensitive myeloma cell lines served as negative
controls, whereas sublines exhibiting 6-fold (DOX 6) and 4O-fold
(DOX 40) doxorubicin resistance relative to the parenteral line
served as.positive controls. If! vitro drug sensitivity testing on the
fresh tumour cell suspensions was assessed in a human tumour
c1onogenic assay according to standardized procedures for
tumour cell plating in a semisolid medium. The results were
expressed as a percentage reduction in thymidine incorporation
in proliferating tumour cells compared to controls. All laboratory
studies were correlated with the relevant clinical information.

Tumours from 14 (54%) patients were classified to be
P-glycoprotein negative and those from 12 (46%) were
P-glycoprotein positive. There was no association between
prior chemotherapy status and the P-glycoprotein staining reac-
tion. Among the 26 turnours studied, 15 (58%) exhibited in vitro
resistance to doxorubicin. Of these 12 stained positively for
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P-glycoprotein and 3 doxorubicin resistant tumours were nega-
tive for P-glycoprotein. All 11 doxorubicin sensitive turnours
stained negatively for P-glycoprotein. Correlation between a
positive P-glycoprotein staining reaction and in vitro resistance
to doxorubicin was highly significant (p<O.OOI).

Despite the limited sample size within the individual tumour
categories, the relationship between P-glycoprotein expression
and drug resistance was significant in myeloma and breast
cancer (p=0.029 and 0.021 respectively) but not in lymphoma.
Similar conclusions were reached when results of drug sensitivity
tests were ranked in relation to median infective dose rather than
by criteria based on correlations with clinical drug resistance.

COMMENTS
Unlike other cells, the cancer cell represents a variable
and moving target to anticancer drugs. The majority of
malignancies which occur in the adult population are
refractory to presently available chemotherapy; these
tumours arise from the aerodigestive tract, are probably
carcinogen induced and show little or no response to drug
treatment. The initial experience with chemotherapy has
raised questions about the reasons for the failure of drug
therapy. Why are some tumours, particularly those of
epithelial origin resistant to drugs de novo, while others
are highly responsive? A second concern of clinicians is
the development of resistance in tumours which initially
respond to chemotherapy.

A model of chemical carcinogenesis proposed by Solt,
Medline and Farber! has shed light on mechanisms
associated with de novo multi-drug resistance (MDR).
Exposure to a carcinogen leads to the emergence of a
tumour which is resistant not only to an agent which pre-
cipitated the oncogenic transformation, but also to other
structurally dissimilar cytotoxic chemicals. Such a system
may protect normal cells against assault from environmental
carcinogens, but in cancer patients it appears to protect
neoplastic cells against naturally occurring chemo-
therapeutic agents (vinca alkaloids, anthracyclines,
epipodophyllotoxins and actinomycin-D).

When malignant cell lines are made resistant to a single
chemotherapeutic agent by incubation in increasing con-
centrations of drug, some such previously chemosensitive
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lines develop secondary resistance to structurally dissimilar
cytotoxic drugs.

The major breakthrough in this area occurred when
MDR was found to be associated with a 170 kd plasma
membrane associated glycoprotein (Pvglycoprotein)! and
increased expression of its gene (MDR gene)." The
P-glycoprotein has subsequently been shown to be energy
dependent on a multi-substrate pump which decreases the
intracellular concentration of cytotoxic drugs. Further,
some tumours such as renal carcinoma" have constitutive
expression of P-glycoprotein and are inherently resistant
to anticancer agents, thus showing partial analogy to the
Solt-Farber model of chemical carcinogenesis.

The present study indicates that positive staining for
P-glycoprotein in tumour tissues may predict in vitro
cellular resistance to doxorubicin. Whether the MDR
phenotype associated with P-glycoprotein expression also
predicts in vitro or in vivo resistance to other cytotoxic
drugs remains to be ascertained. Also P-glycoprotein
staining has to be correlated and critically tested with
regard to in vivo chemotherapeutic drug sensitivity and
clinical response.

The authors stress that although their findings indicate
that positive P-glycoprotein staining is associated with
intrinsic drug resistance in fresh tumour tissue, they
cannot adequately ascertain whether negativity will
successfully predict sensitivity and response to cancer
chemotherapy. Further studies are required which involve
direct correlation with clinical response and survival
in large cancer populations treated prospectively after
specimens are obtained for P-glycoprotein staining. Addi-
tionally, a number of other mechanisms may exist for
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tumour resistance to multiple anticancer drugs. Some of
the possibilities are: induction of various metabolic
enzymes and altered topoisomerase activity.

Recently, several investigators- have observed that
effects of the P-glycoprotein efflux pump on concentration
of anticancer drugs within the cells can be partially over-
come by the use of calcium channel blocker drugs such as
verapamil, quinidine and specific monoclonal antibodies.
Preliminary reports of the clinical use of verapamil in drug
resistant tumours are promising."
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