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One of the major problems in the treatment of squamous cell carcinoma of the oesophagus (ESCQC) is
the unresponsiveness to cytotoxic drugs. So far, the mechanisms underlying the intrinsic drug resis-
tance of ESCC remain unclear. The aim of this study was to determine the role of the newly recog-
nised drug resistance protein, the multidrug resistance protein (MRP), in ESCC drug resistance.
Tumour biopsies from ESCCs were analysed by RNase protection assay (RPA) as well as by immu-
nohistochemistry (IHC) for the presence of MRP mRNA or protein, respectively. The ESCC samples
were obtained from patients participating in a prospective randomised clinical phase III trial, evalu-
ating pre-operative chemotherapy (cisplatin and etoposide) followed by surgery versus surgery alone
in patients with operable ESCC. For most patients, tumour biopsies taken at diagnosis by endoscopy
as well as surgically resected primary tumours were available. Of 58 ESCC patients enrolled, 28
received chemotherapy before surgical resection of their tumours, and 30 were treated with surgery
alone. 12 patients (3 complete and 9 partial responses; 43%) showed a major response after che-
motherapy, 10 patients (36%) had stable disease (SD), and 6 (21%) progressive disease (PD). On 14
surgically resected, untreated, primary ESCCs, the IHC scores correlated with the MRP mRNA
levels, quantitated by RPA (multiple testing, P<0.01). MRP expression was detected by THC in the
vast majority (52/58; 90%) of the diagnostic biopsies. MRP expression did not differ significantly
between CR+PR, and patients with SD or PD. In addition, multivariate analysis by logistic regression
did not show any effect of tumour cell differentiation or UICC tumour stage on the outcome of pre-
operative chemotherapy in relation to MRP expression. However, a difference became apparent
(Sign-test, P<0.05) for higher MRP expression in tumours from patients with PR or SD, when com-
paring MRP levels in paired tumour samples before and after chemotherapy, suggesting that che-
motherapy selected for drug-resistant cell clones. ©) 1998 Elsevier Science Ltd.
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INTRODUCTION chemotherapeutic agents, given singly or in combination, are

STANDARD TREATMENT for squamous cell carcinoma of the low and range from 15 to 40% [1]. However, a promising
oesophagus (ESCC) consists of surgical resection. Cure is development in the treatment of ESCC is the use of pre-
rare, with 5-year survival of less than 10%. Response rates to  operative chemotherapy with the primary goal of debulking
the tumour load, followed by surgical resection of the

tumour. In 1989, a multicentre prospective randomised
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compared with surgery alone in patients with operable
ESCC. Clinical response to chemotherapy was evaluated
after the second cycle, and patients with a major response
were given two additional cycles of chemotherapy followed by
surgery, whereas non-responding patients were operated
upon at once. Interim analysis showed very favourable results
in terms of survival for those who responded well to pre-
operative chemotherapy [2]. The median survival after ran-
domisation was 18.5 months for the ‘chemotherapy plus sur-
gery’ arm, versus 11 months for the ‘surgery alone’ arm
(P =0.0017). Among the chemotherapy-treated patients,
approximately 40% had a major response (with approxi-
mately 10% complete responders).

In a previous study [3] we have shown that a variety of
human cancers, including ESCC, overexpress the newly
recognised drug resistance gene, the multidrug resistance
protein (MRP) gene [4]. MRP encodes a 190kDa mem-
brane-bound glycoprotein of 1531 amino acids and is a
member of the ATP-binding cassette superfamily of transport
proteins [4,5]. Transfection experiments with different
eukaryotic expression vectors containing full-length com-
plementary DNAs of the MRP gene have shown that MRP
confers multidrug resistance (MDR) to a broad range of nat-
ural product drugs, among which are anthracyclines, vinca
alkaloids and epipodophyllotoxins [6-9]. As yet, the mode of
action by which MRP makes cells multidrug resistant is not
known. However, the available data suggest that MRP acts
both as a plasma membrane outward drug pump and as a
pump for drug accumulation in intracytoplasmic vesicles
[6,7,10,11]. By both mechanisms cytoplasmic concentra-
tions of free drug may be reduced to sublethal levels, and in
that way MRP would promote cell survival. Although
expression of MRP has been demonstrated in a variety of
solid tumours [3, 12-20] and leukaemias [21-23], the ques-
tion of whether elevated levels of MRP are associated with
clinical drug resistance has not yet been fully answered. In the
present study, we examined the hypothesis that the unre-
sponsiveness of ESCC to chemotherapy might be related to
the presence of MRP.

MATERIALS AND METHODS

Tumour samples

Tissue samples were subjected to this research with
informed consent of the patients. In total, 58 primary
ESCCs, resected at the University Hospital Rotterdam
between 1989 and 1993, were analysed for MRP expression.
The ESCC samples were obtained consecutively in a pro-
spective randomised clinical phase III trial, evaluating pre-
operative chemotherapy (cisplatin and etoposide) followed by
surgery versus surgery alone in patients with operable ESCC.
All chemotherapy-treated patients received two cycles of
chemotherapy. Patients with a major response, as defined by
a tumour reduction of >50%, were given two additional
cycles of chemotherapy, followed by surgery, whereas
patients with stable (SD) or progressive disease (PD) were
subjected to surgery at once. Cisplatin (80 mg/m?) was given
on day 1 as a 4-h infusion preceded by etoposide (100 mg) as
a 2-h infusion. On day 2 only etoposide (100 mg) was given
as a 2-h infusion, and on days 3 and 5 etoposide (200 mg/m?)
was administered orally. The specimens included in the study
were 30 tumours resected without prior chemotherapy, and
28 tumours for which patients received chemotherapy before
surgical resection of their tumours. Clinical response to pre-

operative chemotherapy was categorised as complete (CR),
indicating the pathological absence of tumour in the resection;
or partial (PR), indicating at least a 50% reduction in the size
of the tumour. SD was defined as no change in tumour
volume, and in the case of PD tumour volume increased dur-
ing treatment. The reduction in tumour size was estimated by
comparing tumour dimensions obtained before and after
chemotherapy by endoscopic and radiological examination.
Endoscopic biopsies and resected tumours were routinely
processed at the pathology department of the hospital for
diagnostic purposes. Patient and tumour characteristics are
summarised in Table 1.

RNase protection assay

Total RNA was isolated from tissue biopsies by the lithium
chloride-urea method [25], and quantitated spectro-
photometrically at A260. Expression of MRP mRNA was
quantitated by RNase protection assay (RPA) as described
previously [21,26]. Briefly, 10 ug of total RNA were hybri-
dised under standard conditions with o3P labelled RNA
transcripts complementary to sequences (nucleotides 239-
503) at the 5’ end of the MRP mRNA [4,26]. This probe
does not cross-react with the human MDRI1 or MDR3
mRNAs [21]. Radiolabelled protected probes were visualised
by electrophoresis through a denaturing 6% acrylamide gel,
followed by autoradiography. In all assays a human y-actin
probe was included as control for RNA integrity and
recovery. All individual experiments included tRNA, as well
as RNA isolated from the drug-resistant cell line GLC4/ADR
and its parental cell line GLC4 (kindly provided by
Dr E.G.E. de Vries, University of Groningen, Groningen,
The Netherlands), as positive and negative controls [26].
Expression levels were quantitated by densitometric scanning
of the autoradiographs.

Immunohistochemistry

MRP expression was estimated by immunohistochemistry
(IHC) on paraffin-embedded tissue sections (5 um) prepared
from tissue blocks used for routine diagnostic purposes, as
well as on cryostat sections (5pum) prepared from frozen
biopsies. Sections of paraffin-embedded tissue were placed
on slides coated with 3-aminopropyl-triethoxysilane (Sigma,
St Louis, Missouri, U.S.A.) in acetone (1:50), dried over-
night at 37°C, deparaffinised, rehydrated and washed in
phosphate-buffered saline (PBS: 0.13 mol/l NaCl, 7 mmol/l

Table 1. Patient and tumour characteristics of 58 patients with
squamous cell carcinoma of the oesophagus

Median age 60.4 years (range 36-77)
Gender male 43
female 15
Race Caucasian 58
Grade of tumour differentiation
well n=4 (7%)
moderately n =34 (59%)
poorly n=19 (33%)
undifferentiated n=1 (2%)
Tumour stage (UICC)*
I n="17(12%)
I n =22 (38%)
111 n=26 (10%)
v n=23 (40%)
*Ref. [24].
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Na,HPO,4, 3 mmol/l NaH,PO,, pH 7.6). Cryostat sections
were fixed in cold acetone (10 min, 0°C) and air-dried.
Endogenous peroxidase activity was blocked by immersing
the slides for 30 min in 0.3% (v/v) H,O, in methanol at room
temperature. Endogenous avidin and biotin activity was
blocked by the avidin and biotin blocking kit (Vector Lab,
Burlingame, U.S.A.). The slides were pre-incubated with
normal goat serum (NGS) (Gibco-Life Technologies, Paisley,
U.K.)) (1:50) diluted in 1% (v/v) bovine serum albumin
(BSA) in PBS for 20 min at room temperature. Incubation
with the MRP-specific monoclonal antibodies (MAb) was
performed overnight at 4°C. Two MAbs specific for MRP
were used: the rat MAb MRPrl and the mouse MAb
MRPm6 [27]. Prior to use, MRPrl and MRPm6 were dilu-
ted 1:1500 and 1:25, respectively, in PBS containing normal
rabbit serum (Gibco) (10%, w/v), NGS (1%, w/v) and nor-
mal human AB serum (NHS) (Sigma) (1%, w/v). Sub-
sequently, the slides were incubated for 60min with
biotinylated goat anti-rat MAb or goat anti-mouse MADb
(Sigma) diluted 1:50 in PBS supplemented with 1% BSA,
2% NHS and 2% NGS. Antibody binding was detected using
streptavidin-conjugated horseradish peroxidase (Zymed,
San Francisco, California, U.S.A.) (1:200 in PBS with 1%
BSA) in combination with 3,3’-diaminobenzidine tertra-
hydrochloride (Sigma). The slides were counterstained with
haematoxylin and mounted. The specificity of MRPrl and
MRPm6 have been documented in detail elsewhere
[3,13,27,28] and are suitable for protein blot analysis, flow
cytometry and immunohistochemical studies. MRPrl and
MRPm6 do not cross-react with the human MDRI1 and
MDR3 glycoproteins [27]. Paraffin-embedded or frozen,
MRP-overexpressing, drug-resistant human lung cancer cell
line GLC4/ADR and its drug-sensitive parental line GLC4
were used in each assay as positive and negative controls,
respectively. Each assay also included the use of isotype-
matched irrelevant MAbs (rat IgG2a; mouse IgG1). Staining
of the tumour cells was scored on the following semi-
quantitative scale: negative with only weak staining of the
stromal tissues (—); weak cytoplasmic staining of the tumour
cells (%); clear cytoplasmic staining of the tumour cells (+);
strong cytoplasmic and weak membranous staining of the
tumour cells (++) and strong cytoplasmic and strong mem-
branous staining of the tumour cells (+++). The MRP stain-
ing was scored by two independent observers (F.T.B.,
K.v.W.), one of which is a board-certified pathologist
(F.T.B.), who had no further clinical information of the
patients whose tumours were analysed.

RESULTS

Expression of MRP protein and mRNA
MRP expression was determined by IHC in 14 surgically
resected, primary untreated ESCCs. MRPrl was used on
paraffin-embedded sections, and MRPm6 on cryostat sec-
tions. The vast majority of the tumour samples stained with
MRPrl as well as with MRPm6, while incubation with the
control, irrelevant rat and mouse MAbs was always negative.
The intensity and cellular localisation of the staining varied
among the different ESCC samples, and based on these
parameters the tumour samples were qualitatively divided
into five groups (—, £, +, ++, +++). As the intensity of the
MRP staining increased, the percentage of stained tumour
cells increased also. The IHC staining group *, and + mostly
had 30-50% of the tumour cells stained, while for the stronger

stained tumours (IHC score: ++, +++), this figure generally
was more than 50%. Since MRPr1 has a higher affinity than
MRPm6 [26], it was used at a higher dilution than MRPm6
(1:1500 versus 1:25). The IHC scores obtained with the two
different MAbs were very similar (Spearman rank correlation
coefficient, r,=0.8; P<0.01) (Table 2).

To correlate MRP protein expression, as estimated by
IHC, with mRNA expression, MRP mRNA levels were
determined with a sensitive and quantitative RPA in RNA
samples isolated from freshly obtained ESCC biopsies, as
described previously [3,21,22,26]. The MRP-over-
expressing drug-resistant lung cancer cell line GLC4/ADR
and its drug-sensitive parental cell line GLC4 were used in
each experiment as positive and negative controls, and to
compare MRP expression levels in different experiments.
Expression levels were quantitated by densitometric scanning
of the autoradiographs and the signal obtained with 10 pg of
total RNA, isolated from GLC4/ADR cells, was assigned an
arbitrary expression level of 100 U. In all 14 ESCC samples
we could detect MRP mRNA (Table 2). The expression
levels among the various tumours ranged from 2 to 33 U.
These MRP mRNA levels of the ESCC samples, quantitated
by RPA, strongly correlated with the MRP protein levels,
estimated by IHC (Spearman rank correlation, multiple test-
ing P<0.01).

MRP expression in endoscopic biopsies
MRP expression was determined by IHC with MRPrl on
paraffin-embedded sections of endoscopic biopsies of 58 pri-

Table 2. MRP expression determined by tmmunohistochemistry
and RNase protection assay in surgically resected, primary
untreated ESCC

Immunohistochemistry*

Tumour MRPrl1 MRPm6 RNase protection assayf
1 ++ ++ 33
2 +++ + 31
3 ++ ++ 27
4 + + 17
5 ++ ++ 14
6 ++ NDi 13
7 ++ ++ 11
8 + + 9
9 ++ + 8

10 + + 8

11 + + 7

12 + NDi 5

13 — — 3

14 + — 2

*Staining of the tumours was scored according to the following cate-
gories: negative (—); weak cytoplasmic staining of the tumour cells
(3); clear cytoplasmic staining of the tumour cells (+); strong cyto-
plasmic and weak membranous staining (++); and strong cyto-
plasmic and strong membranous staining of the tumour cells (+++).
MRP-specific MAb MRPr1 was applied on paraffin-embedded tissue
sections, while MRPm6 was used on cryostat sections. TMRP mRNA
levels were determined with an RNase protection assay [3,21,26],
and expressed in arbitrary units (U). Each RNA isolate obtained from
each individual sample was determined twice, i.e., in two separate
assays, and the average of each sample was used to calculate the
expression relative to the expression of MRP in the human non-Pgp
MDR cell line, GLC4/ADR, which was set arbitrarily at 100 U. IND,
not done, because of lack of frozen material.
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Table 3. MRP expression in primary ESCC (n = 28) at time of
diagnosis versus clinical response to chemotherapy

Immunohistochemical score*

Clinical response — + + ++ +++
CR (n=13) 1 1 1

PR (n=09) 2 2 4 1

SD (n = 10) 2 4 3 1

PD (n=6) 2 1 2 1

Table 4. MRP expression of surgically resected squamous cell
carcinoma of the oesophagus estimated by immunohistochemistry
with the MRP-specific MAb MRPr1

Immunohistochemical score*

Patient treatment — + + ++ +++

Untreated (n=30) 2 (7%) 3 (10%) 11 (37%) 11 (37%) 3 (10%)
Treated (n=21) 0 (0%) 4 (19%) 9 (43%) 5 (24%) 3 (14%)
All tumours (n=51) 2 (4%) 7 (14%) 20 (39%) 16 (31%) 6 (12%)

*Staining of the tumours was scored as indicated in the legend of
Table 2. CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease.

mary, untreated ESCCs. 52 of 58 (90%) of the tumour samples
stained with MRPr1, while incubation with the control, irre-
levant rat MAb was always negative. The intensity and cel-
lular localisation of the staining varied among the different
ESCC samples from —, *, +, ++, to +++ with regard to
MRPr1 staining. 6 of 58 (10%) ESCC specimens were
scored as negative, 19/58 (33%) showed weak cytoplasmic
staining of the tumour cells (), 19/58 (33%) had a clear
cytoplasmic staining (+), in 12/58 (21%) the staining was
scored as ++, and in only 2/58 (3%) as +++. The intensity of
the staining in the highest MRP staining group (IHC score:
+++) equalled the intensity observed in the MRP-positive,
drug-resistant GLC4/ADR cells.

28 of 58 patients received pre-operative chemotherapy
with cisplatin and etoposide, and the clinical response of the
primary tumour is shown in Table 3. 12 patients (43%) had a
major response (3 CRs (11%) or 9 PRs (32%)), 10 patients
(36%) were classified as SD and 6 patients (21%) had PD.
The THC MRP score of the diagnostic biopsies of the
tumours before chemotherapy are also shown in Table 3.
There was no obvious correlation between the IHC score and
response to chemotherapy. Figure 1 shows the percentage of
major responses (CR plus PR) of each IHC staining group.
Again, no correlation was evident between IHC staining and

100 =

5/9

2/4

3/9 2/6

Per cent response

- + + ++/+++

IHC staining group

Figure 1. Major clinical response, as defined by reduction in

tumour volume of >50%, on pre-operative chemotherapy in

relation to MRP expression. The number of responses/total

number of patients in the respective IHC staining groups is
shown above the bars.

*Staining of the tumours was scored as indicated in the legend of
Table 2.

response to chemotherapy (x>-test, n.s.).

The patients were stratified the basis of tumour cell differ-
entiation and tumour stage, and MRP expression analysed in
relation to clinical outcome. Tumour cell differentiation was
dichotomised into differentiated, well and moderately differ-
entiated tumours (combined), and undifferentiated, repre-
senting poorly and wundifferentiated tumours. In the
stratification on tumour stage, the tumours were divided into
two categories: locoregional disease (UICC stage I, II, and
IIT) versus stage IV (metastasised tumour). The response to
chemotherapy was divided into major responders (CR and
PR) and non-responders (SD and PD). Multivariate analysis
by logistic regression did not show any effect of tumour cell
differentiation and UICC tumour stage on the outcome of
pre-operative chemotherapy in relation to MRP expression.

MRP expression before and after chemotherapy

The resected tumours available for MRP THC included 30
tumours resected without prior chemotherapy, and 21 tumours
for which patients had received chemotherapy before surgical
resection. No differences were found in MRP expression
between the treated and untreated tumours (Table 4). How-
ever, when MRP expression was compared in paired samples
of diagnostic biopsies and resected tumours obtained after
chemotherapy, a statistically significant difference was seen,
with higher MRP expression upon drug treatment in SD and
PR (Sign-test, P <0.05). This phenomenon was not observed
in PD nor in the control ‘surgery alone’ group. In SD and
PR, respectively, 7/9 (78%) and 5/7 (71%) had an increased
MRP expression after chemotherapy (Figure 2). For the
patients with PD and the ‘surgery alone’ group, these figures
were 2/5 (40%) and 4/13 (31%), respectively.

DISCUSSION

One of the major problems in the treatment of ESCC is the
unresponsiveness to cytotoxic drugs. So far, the mechanisms
underlying the intrinsic drug resistance of ESCC are unclear.
The well-known drug resistance mechanisms that have been
elucidated in the laboratory, using cell lines made drug-resis-
tant by  vitro challenging, are probably not involved in
ESCC. Enhanced cellular drug efflux by the P-glycoprotein
drug pump [reviewed in 29], decreased or altered topoi-
somerase Ilo [30] and changes in cellular detoxification sys-
tems [31], have not been shown to play a role in the
unresponsiveness of ESCC to chemotherapy. In the present
study, we analysed the expression of the newly recognised
drug resistance MRP gene in relation to response to che-
motherapy in ESCCs obtained in a pre-operative che-
motherapy phase III study. MRP expression was determined
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SD
before after
chemo chemo
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++
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P<0.05
PD
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+
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+

Figure 2. MRP expression in paired tumour samples, before and after chemotherapy, from patients with stable disease (SD),
partial response (PR) or progressive disease (PD). In PR and SD, expression of MRP was increased significantly (Sign-test,
P<0.05) after chemotherapy. Each line represents 1 patient.

by IHC with two different MRP-specific MAbs, MRPrl and
MRPm6, directed against two different epitopes of the MRP
protein [27]. Similar results were obtained with the two
MADbs. In addition, the protein levels, estimated by IHC,
correlated with MRP mRNA levels, as quantitated by RPA.
Subsequently, we used the MRPr1 antibody for detection of
MRP in paraffin-embedded sections of diagnostic biopsies.
The vast majority of the diagnostic biopsies were positive for
MRP, and the protein level, as estimated by IHC, varied
between low to very high.

Our study aimed to elucidate a possible role for MRP in
clinical drug resistance in ESCC. In classical adjuvant strate-
gies, the efficacy of chemotherapy cannot be assessed directly,
because drug treatment is given after surgery when measur-
able tumour is no longer present. However, in the pre-
operative chemotherapy setting, when cytoreductive drugs
are administered before surgery, the effects of therapy can be
measured more accurately. Indeed, the present phase III
study, in which pre-operative chemotherapy (cisplatin and
etoposide) followed by surgery was compared with surgery
alone in patients with operable ESCC, allowed us to do so.
Moreover, the response to pre-operative chemotherapy in our
study cohort varied dramatically from CR (11%) to PD
(21%). No correlation was found between MRP-staining of
the tumours at diagnosis, tumour stage and differentiation,

and response to subsequent chemotherapy. The intensity of
MRP staining was more or less equally distributed over the
clinical response groups being CR, PR, SD and PD, and all
IHC staining groups (—, *, +, ++, +++) had approximately
an equal response rate.

Expression of MRP is widely distributed among a large
variety of normal and malignant tissues [3,12-23,26-28].
However, evidence suggesting a role of MRP in clinical drug
resistance is scarce [18-20]. A significant association was
found between high levels of MRP expression and poor
treatment outcome in neuroblastoma [18], independent of
N-myc amplification. In two recent studies [19,20], we
showed that in breast cancer MRP might be of prognostic
significance. Our data suggest that MRP is related to resis-
tance to chemotherapy in an adjuvant setting [19] as well as
in advanced disease [20]. In our present study, a tendency
became apparent towards higher MRP expression in tumours
from patients with PR or SD, when comparing MRP levels in
paired tumour samples before and after chemotherapy. This
observation suggests that chemotherapy either directly
enhanced the expression of MRP in the tumour cells by, for
example, transcriptional activation, or that chemotherapy
selected for cell clones with higher MRP expression levels
already present in the tumour before treatment. Indeed, for
the MDRI1/P-glycoprotein drug pump, stress-induced activa-
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tion of the MDRI1 promoter has been reported [32]. In our
study selection of drug-resistant cell clones seems to be likely,
since the phenomenon of enhanced MRP expression levels
after chemotherapy was more prominent in responsive
tumours, including SD. Etoposide belongs to the spectrum of
drugs involved in the multidrug resistance phenotype of
MRP, and could account for such an i vivo selection. MRP
has not been shown to confer resistance to cisplatin i vitro.
However, MRP might function as an efflux pump for glu-
tathione-S-conjugates [33-35], and cisplatin can be a sub-
strate for glutathione conjugation [36]. Therefore,
theoretically cisplatin might also contribute to such an i vivo
selection. In conclusion, MRP expression is widely found
among ESCCs and does not seem to predict unresponsive-
ness to chemotherapy. These results indicate that drug resis-
tance in ESCC is due to yet unknown mechanisms, and
further studies are needed to elucidate these mechanisms of
clinical drug resistance in ESCC.
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