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Expression of P-glycoprotein was evaluated by C219 monoclonal antibody immunoblots in 34 previously untreated 
and 14 pretreated breast cancers and in benign breast lesions or histologically normal breast glands. P-glycoprotein 
was not detectable in the few cases of normal or benign tissue. P-glycoprotein was expressed in the 170 kD areas 
of 29% (10/34) of untreated and 64% (9/14) of previously treated tumours (fiO.02). In treated tumours, high 
intensity expression was observed more frequently than in untreated breast cancer (40% vs. 9O/,). Moreover, 
there was a significant association between P-glycoprotein expression and in vitro resistance to doxorubicin and 
vincristine. Simultaneous resistance was observed in all of the P-glycoprotein positive and in only 56% of the P- 
glycoprotein negative tissues (PcO.01). Some aspects of the typical multidrug resistant phenotype, such as P- 
glycoprotein expression and simultaneous resistance to doxorubicin and vincristine, could be detected in small 
subsets of breast cancer patients. No relation between P-glycoprotein expression and the type of previous clinical 
treatment was observed. 
EurJ Cancer, Vol. 27, No. 2, pp. 155-158,199l. 

INTRODUCTION 
MANY MECHANISMS of resistance to anthracyclines, antitumour 
antibiotics and other natural products have been described. 
Membrane-mediated drug removal by P-glycoprotein or intra- 
cellular inactivation via the increased level of glutathione-S- 
transferase may be important in tumours that originate from 
tissues involved in detoxification processes, such as digestive 
tract or kidney neoplasms [ 1, 21. Altered activities of topoiso- 
merase II [3] also seem to be important in drug resistance. This 
kind of resistance has been called atypical multidrug resistance 
(MDR) since it involves most of the drugs included in MDR 
but is not related to P-glycoprotein gene amplification, to 
overexpression or to reduced drug accumulation [4]. As more 
information about these mechanisms in experimental cell lines 
has become available, great effort has been devoted to estab- 
lishing their involvement in natural or acquired clinical MDR. 
Identification of the main mechanisms of resistance in subsets 
of patients should help to clarify how the mechanisms explored 
in experimental systems act in human tumours in viva and to 
design biologically logical therapies. 

The search for I’-glycoprotein gene amplification, for over- 
expression and for increased gene product in human tumour 
biopsy specimens has revealed the importance of the P-glyco- 
protein mediated mechanism in digestive tract and kidney 
tumours [5]. The results for breast cancer are less consistent. 
The absence of MDR gene amplification or overexpression in a 
large series of breast cancers seems to exclude the involvement 
of this mechanism in resistance to doxorubicin [6]. On the 
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contrary, increased P-glycoprotein levels have been observed in 
tumours in vitro or in tumours clinically resistant to doxorubicin 
[7-91. 

In our study, we looked for P-glycoprotein expression in 48 
fresh breast cancers by immunoblotting with C2 19 monoclonal 
antibody (Mab). P-glycoprotein expression was analysed in 
relation to pretreatment status and to in vitro resistance to 
doxorubicin and vincristine. Moreover, we attempted to analyse 
the expression and molecular mass of P-glycoprotein in breast 
compared with digestive tract cancers. 

Chemicals 
MATERIALS AND METHODS 

The following solutions were used: phosphate-buffered saline, 
Tris-HCl buffer with 250 mmolil sucrose and Tris-saline buffer 
(TS). Sheep (1251)-anti-mouse immunoglobulin (Ig) (whole 
antibody), [methyl-3H]thymidine (18.5 GBqimmol) and [5- 
3H]uridine (93-Tll GBqimmol) were obtained from Amersham 
International. Bovine serum albumin fraction V and Nonidet 
P40 were purchased from Sigma. Unlabelled C219 and CHRC5 
cell membrane preparations were obtained from Cis Diagnostici 
(Santhia, Italy). All other products were analytical grade. 

Cell lines and human tissues 
The CHRC5 cell line was used as positive control. The MCF7 

breast cancer line was used as a negative control and its MCF7IDx 
subline, which is permanently 50 times more resistant to doxoru- 
bicin without in vitro treatment, as a second tissue-specific 
positive control. P-glycoprotein expression was looked for in 
surgical biopsy samples from 34 previously untreated and 14 
previously treated primary breast cancers. Among the latter, 5 
had been treated with 3 cycles of cyclophosphamide-methotrexa- 
te-5-fluorouracil (CMF), 7 with 3-4 cycles of 5-fluorouracili- 
doxorubicinicyclophosphamide (FAC), 1 with 6 cycles of 4’- 
iododoxorubicin and 1 with high-dose chemotherapy including 
doxorubicin. Some mammary glands from microscopically nor- 
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Fig. 1. Representative western blot of purified membranes from cell 
Ii&s and fresh human tissues. Lanes 1 and 2 = 1 pg and 15 pg 
membrane proteins from CHKC5 cell line; lanes 3 and 4 = 100 I.LIZ 
proteins f&m MCF7/Dx and MCF7 cell lines; lanes 5-8 = 100 bi 
proteins from P-glycoprotein negative, weakly positive, strongly 
positive and maximally positive breast cancers, respectively; and 
lanes 9 and 10 = 100 pg protein from liver and colon cancers. P = P- 

glycoprotein. 

ma1 peritumoral tissue and benign mammary lesions were also 
analysed. In addition, 12 previously untreated intestinal and 4 
primary liver cancers were studied. 

Representative samples were examined histologically to assure 
the predominance of tumour cells over stromal cells in the 
samples used for P-glycoprotein analysis. 

P-glycoprotein detection 
Purified membrane preparations were obtained from cell lines 

and solid tissues [lo]. Membrane proteins (100 kg from human 
tissues and MCF7 lines and l-15p.g from CHRC5 line) were 
separated by sodium dodecyl sulphate/polyacrylamide gel elec- 
trophoresis and transferred to nitrocellulose by electroblot. 
Western blotting was done as described [lo] with a slight 
modification: after transferring the proteins, the nitrocellulose 
sheets were probed with murine C219 against P-glycoprotein 
and directly labelled after washes with (‘251)-antimouse Ig 
(300-500 x lo3 cpm/ml in TS) for 1.5 h at room temperature 
with rocking. This modification provides higher specificity of 
apparent labelling and increased sensitivity. The threshold 
of 0.74 absorbance units (AU) (by densitometric analysis of 
autoradiograms), corresponding to 1 kg CHRC5 membrane 
proteins and to the lowest limit of linearity of the concentration 
absorbance plot, was used as a cut-off for strong P-glycoprotein 
positivity. 

In vitro resistance 
The sensitivity of the tumours to inhibition by doxorubicin 

and vincristine was evaluated by a metabolic assay [ 111. Frag- 
ments of about 1 mm3 sampled from different areas of the 
tumour were treated in vitro with the drugs for 3 h. At the end 
of the second hour, 3H-thymidine was added. Drug activity was 
expressed as the ability to inhibit the incorporation of labelled 
precursor. A tumour was considered to be sensitive when the 
inhibition was greater than 20%, which represents the median 
coefficient of variation of incorporation in untreated samples 

[ill. 
In vitro chemosensitivity to doxorubicin and/or vincristine 

was measured for 35 breast cancers in a total of 68 assays. 

Statistical analysis 
The significance of differences between rates of P-glycoprotein 

positive and negative tumours for the different groups was 

C2 19 Mab reactiont 

Healthy gland and benign lesions 

Positive Strong* 

(n=S) 

Untreated cancers 

0 0 

(n=34) 

Pretreated cancers 

10 2 (0.760%) 

(n= 14) 9 6 (0.74-2.53) 

*For untreated vs. pretreated cancers, P=O.O2 andP=0.004 for positive 
and strong reaction, respectively. 
tEvaluated for 100 pg cell membrane protein. 
*AU (range). Strong = equal to or higher than the 0.74 AU for 1 )~g 
CHKCS cell membrane protein. 

analysed by Fisher’s exact test. The Spearman test for unpaired 
samples was used to analyse the ranking of absorbance values in 
the different groups. The association between P-glycoprotein 
expression and resistance to one or both drugs was tested by the 
kappa test [ 121. 

RESULTS 
Immunoreaction to C219 Mab was analysed in mammary 

tissues of different clinical status, including microscopically 
healthy tissue from cancer patients, benign lesions and both 
untreated and previously treated breast cancers. Representative 
blots of fresh human breast cancers with different banding 
intensities are shown in Fig. 1. 

As shown in Table 1, there were no positive reactions in the 5 
samples from healthy glands or benign lesions. There was an 
appreciable 170 kD band in about 30% of previously untreated 
tumours and in more than 60% of pretreated tumours. Moreover, 
quantitative analysis of the absorbance of 170 kD bands showed 
different frequencies of strong reactions in the two groups: 2 of 
10 untreated and 6 of 9 pretreated cancers had strongly positive 
bands. The frequency of positive tumours and the 170 kD 
absorbance were significantly higher in previously treated than 
in untreated tumours, whether or not the treatment had included 
doxorubicin or other drugs known to be involved in MDR. 

We compared the expression of P-glycoprotein in previously 
untreated breast cancers with that in previously untreated colo- 
rectal and liver tumours. Qualitative analysis showed smaller P- 
glycoprotein molecular mass, in the 145 kD area, for digestive 
tract tumours than in breast cancer (Fig. 1). Moreover, in 
intestinal tumours, P-glycoprotein was expressed in 75% of 
cases, but generally with low intensity (Table 2). All liver 

Table 2. Expression of P-glycoprotein in tumours from different 
organs* 

C219 Mab reaction 
.~~ 

Positive Strong Median AU (range) 

Breast (n=34) 10 2 0.46 (0.24-0.85) 

Gut (n= 12) 9 2 0.30 (0.21-2.15) 

Liver (n=4) 4 3 3.08 (0.3+k.80) 

*For breast vs. gut and liver, P<O.Ol for positive and strong reaction. 
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tumours were positive with strong reactions in 3 cases (Table 
2). Overall, the frequency of P-glycoprotein positivity was 
significantly higher for digestive tract cancers than for breast 
cancers. 

P-glycoprotein expression and in vitro resistance to doxorubicin and 
vincristine 

For 35 breast cancers, P-glycoprotein expression was analysed 
in relation to resistance to doxorubicin and vincristine, defined 
as inability of these drugs to inhibit significantly 3H-thymidine 
incorporation into DNA. Inhibition of nucleic acid precursor 
incorporation has proven to be important as an indicator of 
clinical responsiveness for these drugs [ 111. 

In vitro sensitivity to doxorubicin or vincristine was always 
accompanied by lack of P-glycoprotein expression. Conversely, 
P-glycoprotein was detected in only about one-third of tumours 
resistant to doxorubicin (10127) or to vincristine (10129) (Fig. 

2). 
Simultaneous resistance to both drugs was observed in 68% 

of cases and was found in all 10 tumours that expressed P- 
glycoprotein and in 14 of the 25 P-glycoprotein negative tumours 
(PcO.01). Tumours that were sensitive to either drug did not 
express P-glycoprotein (Table 3). 

DISCUSSION 
The involvement of MDR amplification or the expression of 

its coded P-glycoprotein in natural or acquired clinical resistance 
has been widely investigated [ 13, 141. Low to intermediate 
expression of MDR gene has been seen by blotting analysis [S] 
and confirmed by immunocytochemical staining with different 
monoclonal antibodies in untreated breast cancer [7, 81. 
Enhanced expression of the gene has been consistently observed 
in tumours clinically or in vitro resistant to doxorubicin [7-9, 
IS]. 

We chose to analyse the gene product because of experimental 
evidence of the direct involvement of the glycoprotein on drug 
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Fig. 2. In vitro sensitivity to drugs in P-giycoprotein positive or 
negative breast cancers. Broken line indicates cut-off inhibition for 
sensitivity. Closed symbols = P-glycoprotein positive and open 

symbols = P-glycoprotein negative tumours. 

efflux, which is associated with the MDR phenotype, and 

Table 3. Expression of P-glycoprotein and in vitro 
resistance to doxorubicin and vincristine in breast 

cancer 

C219 Mab 
reaction 

In vitro resistance to 

Both drugs Either drug 

Positive 
Negative 

10 0 
14 11 

Pc0.01 

because of the lack of a direct relation between gene amplification 
or overexpression and P-glycoprotein levels in cell lines [ 161. 

The molecular mass of the C219-reacting antigen was consist- 
ently 170 kD in breast cancer and 145 kD in digestive tract 
tumours. This difference could be due to a different protein 
glycosylation in the two turnours. P-glycoprotein was detectable 
in about one third of previously untreated turnours, though 
generally at low levels. In fact, positivity of the 170 kD band 
only occasionally exceeded the lowest level of sensitivity of the 
method. 

P-glycoprotein expression was detected in a significantly 
higher percentage of breast cancers, and even more so following 
chemotherapy, perhaps due to selection of initially drug-resist- 
ant cells. These results are in agreement with those reported by 
other investigators who used immunocytochemical [7, 81 or 
northern blotting [9], whereas they are not in agreement with 
the findings for a large series of breast cancers obtained with 
several blotting methods [6]. The amount of the tumour samples 
used for western blotting and the degree of cell membrane 
purification could explain some of the disagreement. 

Expression was enhanced whether or not the clinical protocols 
had included drugs known to be involved in MDR. This 
indicates that enhancement of P-glycoprotein expression is not 
related to specific selectivity processes in our series. However, 
it must be emphasised that the treatment of our series was 
only moderately intensive compared with the highly intensive 
treatment needed to evoke specific selection processes in exper- 
imental systems. 

Moreover, since C219 Mab cannot distinguish between the 
MDRI and MDR2 gene products [17], we cannot draw any 
definite conclusion about which is the major gene in the series 
we studied and, hence, about the involvement of the P-glyco- 
protein in functional or in more specifically MDR-related mech- 
anisms. 

Our results showed that expression of I’-glycoprotein was 
always associated with in vitro resistance to doxorubicin and 
vincristine. Conversely, not all P-glycoprotein negative tumours 
were drug sensitive, and therefore P-glycoprotein expression 
should not be considered to be the only requisite for simul- 
taneous resistance to MDR involved drugs, as demonstrated in 
experimental systems [l--4]. 

However, identification through P-glycoprotein detection of 
a subgroup of previously untreated breast cancers that are 
resistant to MDR drugs should be very important for designing 
therapeutic regimens on a biological basis. One such clinical 
application arises from the results of Dalton et al. [18] on the 
antagonising effects of verapamil on MDR in multiple myeloma 
and also since many well characterised, perhaps less toxic, 
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substances that can modulate the MDR phenotype have become 
available [ 19, 201. 

Long follow-up might also increase our knowledge of the 
prognostic importance of P-glycoprotein positivity in breast 
cancer, as already demonstrated by Chan et al. [21] for soft 
tissue sarcoma of childhood. 
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Polymorphic Oxidation of Debrisoquine in Lung 
Cancer Patients 

Julio Benitez, Jo& M. Ladero, Carlos Jara, Juan A. Carrillo, Jestis Cobaleda, 
Adrih Llerena, Emilio Vargas and Juan J. Mufioz 

Oxidative polymorphism of debrisoquine (DBQ) was assessed in 84 patients (81 male) with histologically proven 
bronchogenic carcinoma and in 143 healthy male smokers. 80 (95%) patients and 133 (93%) controls, with a 
metabolic ratio (MR) below 12.6, were classified as extensive metabolisers of DBQ (no significant difference 
between patients and controls). Only 1 of the 73 patients with epidermoid or microcytic carcinomas was classified 
as a poor metaboliser (PM) (P = 0.031 compared with controls). 63 patients (75%) and 110 controls (77%) showed 
a very fast oxidative rate, with MR values under 1 (not significant). The EM phenotype of DBQ might be a 
secondary genetic risk factor for developing bronchogenic carcinoma in male smokers. 
EurJCancer, Vol. 27, No. 2, pp. 158-161, 1991. 

INTRODUCTION bronchogenic carcinoma than in smoker controls. This finding 
ONLY A small percentage of smokers eventually develop lung has not been universally accepted [2], but some years later Idle 
cancer. This peculiar susceptibility could be due to a genetic et al. [3] found an excess of extensive metabolisers (EM) of 
predisposition based upon differences in enzymatic activation debrisoquine (DBQ) among patients with various types of cancer 
(or inactivation) of carcinogens, a possibility first suggested by compared with controls. The same group reported a tendency 
Kellerman et al. [l] when they detected a higher inducibility of towards higher rates of DBQ hydroxylation in two different 
aryl-hydrocarbon hydroxylase in lymphocytes of patients with series of lung cancer patients than in the general population 


