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Expression of MDR proteins in breast cancer and its correlation with some

clinical and pathological parameters*

S.RYBAROVA', . HODOROVA', M. HAJDUKOVA', K. SCHMIDTOVA', J. MOJZIS? K. KAJO?, Z. KVIATKOVSKA®, L. PLANK®, M. BENICK Y,
A. MIROSSAY? E. BIROS?, N. BOBROV®, M. WAGNEROVA®, A. BERC®, L. MIROSSAY>"

'Department of Anatomy, P.J. Saférik University, Faculty of Medicine, Kosice, Slovak Republic; *Department of Pharmacology, e-mail:
mirossay@central.medic.upjs.sk, P.J. Safarik University, Faculty of Medicine, 04011 Kosice, Slovak Republic; *Department of Pathologi-
cal Anatomy, Comenius University, Jessenius Faculty of Medicine, Martin, Slovak Republic; *Department of Pathology, and *Department
of Forensic Medicine, P.J. Safirik University, Faculty of Medicine, Kosice, Slovak Republic; “Eastern Slovakian Oncology Institute,

Kosice, Slovak Republic

Received May 24, 2005

The aim of this work was to determine the expression of the multidrug resistance (MDR) proteins, namely MDRI1
(P-glycoprotein), MRP1 (multidrug resistance-related protein) and LRP (lung resistance-related protein), in 87 samples of
breast carcinoma. Detection of these proteins was provided by using indirect enzymatic immunohistochemistry. Our find-
ings were compared with the other clinical and pathological parameters: expression of Her2/neu, estrogen receptor status
(ER), progesteron receptor status (PR), histological grade and regional lymph node status. For statistical analysis, non-para-
metric two sided Mann-Whitney-U test was used. Majority of breast carcinoma specimens show positivity for these pro-
teins. The MDR1 and MRP1 signal was found in the cytoplasm of cancer cells. The expression of LRP was detected in the
cytoplasm close to the nuclear membrane. The samples were positive for MDR1 protein in 57%, for MRP1 in 84% and for
LRP in 79%. Comparing our results with other clinical and pathological parameters, negative correlation between ER, PR
and MDR1 expressions and histological grading status was found. No associations were observed between the MRP1 and
LRP proteins and histological grading, as well as between the expression of three MDR proteins and the other clinicaly rele-
vant parameters.

In conclusion, high frequency of expression of MDR proteins in breast carcinoma cells suggests, that these proteins might
be an important factor of drug resistance in breast carcinoma. Nevertheles, the negative correlation between the histological
grade of malignancy of tumor and the expression of ER, PR and MDR1 indicates possible influence of progressive tumor

cell dediferentiation. However, this finding has to be confirmed in additional evaluations.
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Breast cancer is an extremely important disease in indus-
trial countries of the world. Over the last 30 to 40 years, sub-
stantial progress has been made in the diagnosis and treat-
ment of breast cancer. An effort has been made to detect risk
factors and the genetic factors that contribute to the risk of
breast cancer development. Similarly, molecular markers for
the prediction of response to chemotherapy of already exist-
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ing breast tumor were tried to be exactly established. Among
them, the expression of steroid hormone receptors,
growth-factor receptors and multidrug-resistance (MDR)
proteins, seem to play an important role [1-3].

Breast cancer is often considered to be one of the most
chemoresponsive solid tumors. Normal breast epithelial cells
and their malignant counterparts are sensitive to estrogens,
progesterones, and androgens. Estrogen primarily appears to
stimulate normal ductal growth, whereas progesterone is re-
sponsible for lobulo-alveolar development. Expression of es-
trogen and progesterone receptors (ER and PR) is not univer-
sal in malignant epithelial breast cancer cells. Knowledge of
steroid receptor content of a breast cancer is important as tu-
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mors with high ER or PR content are better differentiated,
and patients with this tumors have better prognosis. More-
over, tumor concentration of ER and PR is strongly predic-
tive of response to endocrine therapy [4]. Recent pharmaco-
logical treatment regimens of breast cancer include
conventional chemotherapy on the basis of cytotoxic drugs,
in steroid receptor-positive patients an endocrine therapy and
an immunological-basing therapy in Her-2/neu-positive
neoplasms of the breast [5]. The Her-2/neu belongs to the
erbB family of polypeptide growth factor receptor system
consisting of four separate receptors, designated erbB1, 2, 3,
and 4 [6]. The protein consists of an extracellular domain
functioning as a ligand receptor, a transmembrane domain,
and an intracellular domain that serves as a tyrosine kinase.
The Her-2/neu is either amplified and/or overexpressed in
20-30% of newly diagnosed breast cancers [7, 8].

Patients whose breast cancers have amplified and/or
overexpressed Her-2/neu have a worse prognosis than pa-
tients with normal copies of Her-2/neu [9]. Furthermore,
Her-2/neu amplification/overexpression may result in selec-
tive response or resistance to specific systemic therapies. Al-
though it is not yet completely established, preliminary stud-
ies suggest that Her-2/neu amplification/overexpression may
result in resistance to endocrine therapy (tamoxifen) and
alkylating agents (cyclophosphamide, metothrexate, 5-fluor-
ouracil), and relative sensitivity to doxorubicine-based ther-
apy [10].

Potential drug resistance mechanisms clinically active in
breast cancer patients are those involved in the MDR pheno-
type [11, 12]. Among the others they include expression of
the multidrug-resistance protein (MDR1/Pgp), multidrug-re-
sistance-related protein (MRP1) and lung resistance-related
protein (LRP). They have been detected with various fre-
quencies in breast cancer specimens [13—16]. The MDR of
tumor cells is believed to be the reason for failure of chemo-
therapy.

The latest discovered MDR protein is breast cancer-resis-
tance protein (BCRP). Its level is undetectable by immuno-
histochemistry not only in specimens of breast cancer, but
also in samples of many human tumors [17].

Our study was undertaken to investigate the expression of
6 proteins, all of which are involved in broad resistance to
anticancer drugs. The studies were performed on a series of
breast cancers with different grading. Furthermore, we stud-
ied if the expression of individual proteins influences each
another by comparing their expression levels in newly diag-
nosed tumor specimens before chemotherapy.

Material and methods

Clinical samples. In this study we have used 87 samples of
breast carcinoma. The samples were obtained from the De-
partment of Pathological Anatomy, J.A. Comenius Univer-
sity, Jessenius Faculty of Medicine in Martin. In all the cases
a standardized world-wide accepted uniform approach for

the biopsy examination of the breast carcinoma specimen
was used, including a panel of histological and immuno-
histochemical examinations. For the purposes of the histolo-
gical grading a system recommended by ELSTON and ELLIS
(1991) [18] was used. Patients and tumor characteristics are
summarized in Table 1.

Table 1. Patients and tumor characteristics

Characteristics No
All patients 87
Age <50 27
251 59

Unknown 1

Histological grade 1 —good 11
2 — moderate /worse/ 41

3 — poor 35

Histo—pathol. type Ductal 56
Lobular 13

Other 18

Her2/neu Positive 19
Negative 63

Unknown 5

Estrogen receptor status /ER/ Positive 56
Negative 31

Progesteron receptor status /PR/ Positive 32
Negative 55

Involvement of regional lymph nodes 1 39
2 39

2x 1

3 3

3x 0

4 3

Unknown 2

Immunohistochemical detection of MDRI1, MRPI, LRP,
ER and PR. We have used indirect enzymatic immuno-
histochemical method. Formalin fixed, paraffin embedded
tissue blocks were cut (7 um) and attached to the slides. The
slides were processed for immunohistochemistry.

Tissue sections were deparaffinized with xylene and
rehydrated in decreasing ethanols to water. The slides were
finally washed in phosphate-buffered saline containing
0.05% Tween-20 (PBS-Tw), pH 7.6. Endogenous peroxidase
activity was blocked by 0.3% H,0, (3% H,O, for ER and PR)
in methanol for 30 minutes at room temperature. According
to the analyzed protein, sections were pretreated in citrate
buffer solution and Target Solution in the microwave oven
differently. The slides stained for MDR1 and LRP were
pretreated in the microwave 2x5 minutes, MRP1 slides for 20
minutes, PR for 45 minutes and ER in Target Solution
(DakoCytomation, Denmark) for 45 minutes. MDR1 and
LRP staining procedure continued by blocking nonspecific
staining with blocking serum (prediluted normal horse serum
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— Vector Laboratories, USA) for 90 minutes in humidified
chamber at room temperature. In the case of MRP1, ER and
PR staining the blocking serum was omitted. The next step
was application of primary antibodies. We have used the fol-
lowing antibodies: mouse anti-LRP, LRP-56 (BD Trans-
duction Laboratories, USA), mouse anti-MDR1, clone UIC2
(Immunotech, France), mouse anti-MRP1, clone MRPm6
(Alexis, Canada), mouse anti-human estrogen receptor O,
clone 1D5 (DakoCytomation, Denmark) and monoclonal
anti-human progesteron receptor, clone 1A6 (Immunotech,
France). Primary antibodies were applied overnight in hu-
midified chamber at 4 °C.

After rinsing in PBS-Tw (3x5 minutes) the sections were
subsequently incubated with the secondary antibodies:
prediluted biotinylated horse antibody for MDR proteins
(Vector Laboratories, USA), and biotinylated secondary anti-
body for ER and PR (DakoCytomation, Denmark) for 30
minutes at room temperature. The slides were washed with
PBS-Tw and submitted to application of peroxidase-conju-
gated streptavidine: prediluted R.T.U. Vectastain for MDR
proteins (Vector Laboratories, USA), and peroxidase-conju-
gated streptavidin for ER and PR (DakoCytomation, Den-
mark) for 30 minutes at room temperature. The sections
stained for MDR proteins were then visualized with DAB,
ER and PR immunostained sections with AEC. Slides were
stream-rinsed with tap water, counterstained with hemato-
xylin for 2 minutes, washed in tap water, dried, mounted and
coverslipped. Sections processed with omission of primary
antibody served as a negative control of immunohisto-
chemical procedure.

In the cases of ER and PR immunostaining procedure
TRIS buffer and tap water were used instead of PBS-Tw.

Immunohistochemical detection of HER2/neu protein. For
the immunohistochemical detection of the HER2/neu protein
the HercepTestTM kit (DakoCytomation, Denmark) was
used. In relation to the world-wide accepted agreement, all
steps of the detection strictly follow the guidelines published
in the manual of the kit producer.

Statistical analysis. Statistical evaluation was performed
using non-parametric two sided Mann-Whitney-U test analy-
sis. P<0.05 was considered to be significant.

Results

Screening for MDR1, MRP1 and LRP expression in clini-
cal samples. Eightyseven (87) samples of breast carcinoma
(Tab. 1) were immunohistochemically analyzed for MDR1,
MRP1 and LRP proteins expression.

In the tissue of breast carcinoma we detected intracellular
cytoplasmic localization of MDR1 protein (Fig. 1a — ductal
type, 2a — lobular type). LRP protein, which is the main com-
ponent of “vaults”, was expressed in the cytoplasm close to
the nuclear membrane (Fig. 1a — ductal type, 2b — lobular
type). MRP1 protein similarly showed cytoplasmatic stain-
ing pattern (Fig. 1¢ — ductal type, 2¢ — lobular type).

The breast carcinoma samples were according the
histo-pathological type divided into 3 groups: 1. ductal carci-
noma (56 samples), 2. lobular carcinoma (13 samples), 3.
other types (papillary, cribriform, mucinous, medullary and
tubular carcinoma) (18 samples). The evaluation of expres-
sion of MDR1, MRP1 and LRP proteins was provided by
three of us. We have distinguished four categories of quantity
of these proteins: 3+ = high level, 90-100% of positive cells;
2+=medium level, 10-90% of positive cells; 1+ =low level,
up to 10% of positive cells; — = negative cells, 0% of positive
cells. For statistical analysis as positive were considered only
samples with high level (3+) and medium level (2+) protein
expressions. Samples scored as 1+ or - were considered nega-
tive [19].

High level of MDR1 showed 21 (24%) samples of breast
carcinomas. Twentynine (33%) samples expressed medium
level, 20 (23%) displayed low level and in 17 (19%) samples
no signal was observed. Totally, 50 (57%) breast carcinomas
were MDR1 positive, the rest (37 = 43%) showed no MDR1
positivity.

MRPI1 protein expressed the highest level in 28 (32%)
cases. Medium concentrations were detected in 45 (51%)
samples, 10 (11%) showed low concentration and 4 (5%)
samples expressed no one positive cell. Majority of samples
(73 = 84%) expressed high or medium levels of this protein.
The signal was low or not present only in 14 (16%) samples
and these samples were considered negative.

Strong LRP immunopositivity at the high level was ob-
served in 19 (22%) tissue samples. Fortynine (56%) speci-
mens showed medium level of LRP, 15 (17%) low and 4 (5%)
samples expressed no LRP immunoreactivity. Totally, 68
(78%) cases were LRP positive and 19 (22%) specimens
were negative.

Taken together, 85 (98%) samples were positive to at least
one MDR protein and only 2 (2%) were negative. Exact re-
sults concerning the positivity in all three proteins (in total
number of tissue samples and percentage) are shown in
Table 2.

Comparison of MDRI, MRPI and LRP expression with
other predictor markers. The following clinicaly relevant
predictor parameters were determined and compared with
MDR1, MRP1 and LRP expression: Her2/neu, estrogen re-

Table 2. Various levels of MDR1 (%), MRP1 (%) and LRP (%) proteins
in 87 samples of breast carcinoma tissue. The majority of samples ex-
pressed MDR1, MRP1 and LRP positivity.

Quantity of expression MDRI1 MRP1 LRP

+++ 21 (24) 28 (32) 19 (22)
++ 29 (33) 45 (51) 49 (56)
+ 20 (23) 10 (11) 15(17)
- 17 (19) 4(5) 4(5)

Number of positive samples 50 (57) 73 (84) 68 (78)
Number of negative samples 37 (42) 14 (16) 19 (22)
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Figure 1. Expression of MDR proteins in ductal type of breast cancer was immunohistochemically detected by using of monoclonal antibodies. To de-
tect the MDR1 protein we have used the monoclonal antibody UIC2 (1a), LRP-56 was used for LRP protein (1b), and MRPm6 for detection of MRP1

protein (1c). MDR positive cells show brown staining.
Magnifications: 1a — 4x10, 1b — 10x10, 1¢ — 4x10.

Figure 2. Lobular type of breast carcinoma with immunohistochemical staining of MDR proteins. The monoclonal antibodies used for this staining
were the same as in the case of ductal type of mammary carcinoma. MDR1 (2a), LRP (2b) and MRP1 (2¢) immunopositive cells are represented by

brown colour.
Magnifications: 2a — 10x10, 2b — 10x10, 2¢ — 10x10.

ceptor status (ER), progesteron receptor status (PR) and tu-
mor grade. The comparison of these parameters was evalu-
ated in 87 clinical samples of all histo-pathological types of
breast cancer tissue.

The expression parameters of Her2/neu protein was avail-
able in 82 samples of breast carcinomas tested. To establish
the relationship between Her2/neu and MDR1, MRP1, LRP,
ER and PR protein expressions we compared 63 Her2/neu
negative versus 19 Her2/neu positive samples (the expres-
sion of Her2/neu has not been detected in 5 samples). How-
ever, when the expression of individual proteins in Her2/neu
negative and Her2/neu positive tumor samples were
statisticaly determined, the analysis did not reveal the corre-
lation in Her2/neu and evaluated protein expressions (data
not shown).

Comparing ER positive samples with PR positivity re-
sulted in strong correlation in ER and PR coexpression. In 56
ER positive tumors a number of 31 (55%) was found to be
positive also for PR expression. In ER negative tumor sam-
ples (n=31), the only one PR positive tissue was detected

(Tab. 3). This difference was found as statisticaly significant
(p<0.0001).

Coexpressions of ER or PR and individual MDR proteins
(MDR1, MRP1, LRP) were also evaluated. The results indi-
cated that if comparing ER positive and ER negative samples,
no correlation in ER and MDR proteins was determined. In
PR negative tumor samples (n=55) the concomitant expres-
sion of MDR 1, MRP1 and LRP has been found in 22, 46 and
38 samples, respectively. In PR positive tumors (n=32) the
positive expression of MDR1, MRP and LRP has been found
in 22,27 and 30 tissue samples, respectively. As shown in Ta-
ble 4 the only statisticaly significant correlation has been
found (p=0.0073) in PR and concomitant LRP expressions.

Comparison of three MDR protein coexpressions (MDR1,
MRP1, LRP) as well as MDR1 versus ER, PR and Her2/neu
expressions resulted in only one significant difference be-
tween MDRI1 positive (n=50) and negative (n=37) tumor
samples concomitantly expressing LRP. Positive expression
of LRP has been found in 46 MDR1 positive and in 22 MDR1
negative tumors (92% vs 59%), the difference which was



132

RYBAROVA, HODOROVA, HAJDUKOVA, SCHMIDTOVA et al.

Table 3. Estrogen receptor (ER) and progesterom receptor (PR)
coexpressions in all (n=87) breast carcinoma samples evaluated.

Receptor PR* PR p-value OR (95% CI)!
ER* n=56 31 25
(64.4%) (55%)  (45%)

p<0.00012  0.03 (0.003-0.21)
ER™ n=31 1 30
(35.6%) 4%)  (96%)

'OR calculated when p<0.05; Chi-squared statistic for 2 degrees of freedom

Table 4. Correlation of LRP expression with ER and PR. The only
statisticall significant finding was observed in PR and LRP coex-
pression.

LRP' LRP"  p-value OR (95% CI)'
ER" n=56 45 11
(64.4%) (80%)  (20%)
p=0.59?
ER n=31 23 8
(35.6%) (74%)  (26%)
0.15 (0.032-0.69)
PR"n=32(55) 38 17
(63%) (69%)  (31%)
p=0.0073?
PR" n=55(32) 30 2
(37%) (93.8%)  (6.2%)

'OR calculated when p<0.05; Chi-squared statistic for 2 degrees of freedom

statisticaly significant (p=0.0003). The results are shown in
Table 5.

Statisticaly significant differences were found also in tu-
mor grade and ER, PR and MDRI1 protein expressions. The
number of samples with positive expression of all three pro-
teins mentioned above decreased progressively with the in-
crease of tumor grade. In ER expression 100% of grade 1 tu-
mors were found to be positive. Expression of ER was
positive only in 88% of grade 2 and 48% of grade 3 tumors.
Similarly, 64% of grade 1 tumor samples expressed PR,
whereas no more than 46% and 20% of grade 2 and grade 3
tumors were positive for PR, respectively. The expression of
MDRI1 protein followed the tendency of previous two pro-
teins. The percentage of MDRI positive tumors progres-
sively decreased from 82% in grade 1 to 61% and 46%
in grade 2 and 3 tumor samples, respectively. The exact num-
bers of tissue tumoral samples and statistical correlations are
shown in Tables 6 and 7.

When the expression of MDR proteins was compared with
the involvement of regional lymph nodes we did not find cor-
relation in these two parameters. In all cases (n=87) the re-
gional lymph nodes were involved, with no respect to MDR
status (data not shown).

Table 5. Correlation of co-expression of MDR1 and LRP, MRP,
Her2/neu, ER and PR. The only statistical significance has been found in
MDRI1 and LRP coexpression.

Protein ER" ER P-value OR (95%CI)!
MDRI1" n=50 36 14
(57.5%) (12%)  (28%)
P=0.11%
MDRI1" n=37 20 17
(42.5%) (54.1%)  (45.9%)
PR* PR" p-value OR (95%CI)!
MDRI1* 22 28
@44%)  (56%)
p=0.18
MDRI1" 11 26
Q2%)  (78%)
Her" Her p-value OR (95%CI)’
MDRI1* 10 40
Q0%)  (80%)
p=0.45
MDRI1" 10 27
(27%) (73%)
MRP*  MRP  pvalue  OR (95%CI)'
MDRI1* 40 10
(80%)  (20%)
p=0.65
MDRI1- 31 6
3%  (17%)
LRP* LRP pvalue  OR (95%CI)’
MDR1* 46 4
(92%) (8%)
p=0.00032 7.84 (2.33-26.41)
MDRI1" 22 15
(59%)  (40%)

Table 6. Number of patients in different grading with individual expres-
sion of ER, PR and MDRI1 proteins. The number of samples with posi-
tive expression of all three proteins decreased progressively with the in-
crease of tumor grade.

Grading 1 2 3
ER" 11 (100%) 32 (88%) 13 (48%)
ER” 0 9 22
PR 7 (64%) 19 (46%) 7 (20%)
PR 4 22 28
MDRI1* 9 (82%) 25 (61%) 16 (46%)
MDRI1" 2 16 19

Table 7. Statistical correlation of ER, PR and MDRI1 protein expres-
sions and grading of the tumors (gr.1-3)

. ER PR »
Grading . . MDRI1 positive
positive positive
gr. 1vsgr.2 P=0.17 P=0.49 P=0.29
gr.2vsgr.3 P=0.0004 P=0.02 P=0.25
gr. lvsgr.3 P=0.0002 P=0.01 P=0.045
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Discussion

Chemotherapy resistance is a major problem in the therapy
of patients with cancer. Although breast cancer is considered
to be one of the most chemosensitive solid tumors, complete
responses are rare and most of the initially responsive tumors
relapse and develop MDR. A wide range of cellular and mo-
lecular mechanisms are involved in MDR of cancer cells. Be-
sides the others, the overexpression of MDR proteins has
been suggested to influence the chemosensitivity of the cells
of hematologic as well as solid tumors.

In the present study, MDR1, MRP1 and LRP protein ex-
pressions were examined in relation to Her2/neu, ER status,
PR status, tumor grade and regional lymph node involve-
ment.

MDR1, MRP1 and LRP expressions were detected in 50
(57%), 73 (84%) and 68 (78%) out of 87 samples of breast
carcinomas, respectively. If only ductal type was taken in
consideration, MDR 1, MRP1 and LRP have been found to be
positive in 34 (61%), 46 (82%) and 47 (84%) out of 56 tumor
samples, respectively. The difference in MDR protein ex-
pressions between the sum of all breast carcinomas (n=87)
and ductal type (n=56) were statisticaly no significant (not
shown).

The percentage of MDR1-, MRP1- and LRP-staining tu-
mors was consistent with findings of the other researchers.
Some of them found 55% [15] and 57% [20] breast carcino-
mas to be positive for MDR1. MRP1 was positive in 80%
breast carcinomas [21] and 83% [22] and 88% breast carcino-
mas were found to be positive for LRP [23]. However, some
other immunohistochemical findings revealed different ex-
pressions of MDR proteins in breast carcinomas. For example,
FANEYTE et al [24] found no membrane-bound staining for
MDRI1 in the tumor cells of 80 chemotherapy-naive tumors
and YU etal [25] observed 41% of MDR1 positive breast carci-
noma samples. MRP1 expression was detected to be 62% in
prechemotherapy samples and 88% in postchemotherapy
breast cancer tumors [15]. The same protein has been detected
by RT-PCR in breast cancer cells, but it was not observed with
immunohistochemistry at all [24]. The expression of LRP was
65% in breast carcinoma samples and incresased to 97% in
samples from postchemotherapy patients [15]. Taken together,
the percentage of MDR (MDR1, MRP1, LRP) protein-posi-
tive breast cancer samples vary significantly across the studies
and the impact of their expression on clinical outcome of
breast cancer patients remains open.

Overexpression of HER2/neu has independent prognostic
significance in early breast cancer and may also predict re-
sponse to hormonal and cytotoxic therapies. Retrospective
evidence strongly suggests that HER2/neu overexpression is
associated with decreased disease-free and overall survival in
breast cancer [3]. In our study, Her2/neu expression was de-
tected in 19 (23%) out of 82 evaluated breast carcinomas. If
53 samples of ductal type carcinomas were evaluated sepa-
rately 17 (32%) were found as Her2/neu positive.

Next, we compared the clinical parameters of the patients
with the expression of Her2/neu and MDR proteins tested.
No correlation was found between Her2/neu and MDRI,
MRP1 and LRP expressions in our set of breast carcinoma
samples. These results were in a good concordance with the
observations of BURCOMBE et al [26] who did not find rela-
tionship between Her2/neu and other biological markers
(ER, PR, Ki-67 expressions) in primary breast cancer sam-
ples. As the greatest value of Her2/neu lies in a negative pre-
diction of tumor agressivity and response to therapies, this
lack of correlation should be judged as an indirect evidence
of little impact of MDR proteins on clinical outcome in breast
cancer. However, there exists information that at least MDR 1
expressions were affected by drug exposure [27] and MRP1
might be an important negative factor in breast cancer pa-
tients [21]. In that case the overexpression of these MDR pro-
teins is fully independent on Her2/neu status and adds to neg-
ative prognosis of tumor development.

The expression of ER and PR in breast tumor samples was
detected in 71% and 45%, respectively. Comparing ER posi-
tive samples with PR positivity resulted in 55% coexpression
in ER and PR. This statisticaly significant difference was also
recently found by others [26].

Similarly as in previous comparison with Her2/neu ex-
pression, lack of correlation between MDR1, MRP1, LRP
and ER positivity was found. When the correlation of MDR
proteins with PR was evaluated, significant positive
coexpression of PR and LRP has been only detected. On the
other hand, strong negative correlation between tumor grade
and ER and PR expression has been found. In grade 1 tumors,
11 samples (100%) and 7 tumors (64%) expressed ER and
PR, respectively. The expression progressively decreased in
grade 2 and grade 3 tumors. The amount of ER positive sam-
ples in grade 2 tumors (n=41) decreased to 88% and in grade
3 tumors (n=35) to 48%. PR expressions decreased to 62% in
grade 2 and 12% in grade 3 tumors. All these expression dim-
inutions were statistically significant (p<0.001). Our findings
are in good correlation with previously published results
where ER in breast carcinomas correlated negatively with
histologic grade, lymph node metastasis and TNM stage.
Moreover, high proliferative activity and the absence of ER
were considered as a high grade malignancy of breast carci-
noma [28]. However, in recently published paper the relative
survival advantage of ER positive tumor disappears after 5
years of survival and women with ER and PR negative tu-
mors have better long-term survival outcomes [29].

Similarly as in ER and PR expressions, negative correla-
tion between MDRI1 expression and tumor grade has been
observed. This difference has achieved the statistical
significancy if MDR1 expressions in grade 1 and grade 3 tu-
mors were evaluated (p=0.045). We consider this observation
interesting, as the expression of MDR1 was usually found to
be independent of grade [30, 31]. Moreover, MDR1 expres-
sion is not associated with ER status [31]. However, there ex-
ist quite important number of papers where no correlation of
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MDRI expression and cancer stage and grade [32, 25] or re-
sponse to chemotherapy [16] has been detected. Addition-
ally, estradiol is thought to regulate MDRI1 expression in
breast cancer. It increases the cytoplasmic concentration of
MDRI1 in MCF7 (ER positive) cells through the stimulation
of ERalpha [33]. In the same way, progesterone specifically
regulates the activity of the mdrlb promoter and this re-
sponse is directed solely by the A form of the progesterone
receptor [34]. Taken together, the results of our analysis indi-
cate, that the decrease of ER and PR in higher grade breast
carcinomas should result in progressive MDRI1 expression
decreases.

In conclusion, our data demonstrate that the expression of
MDRI1, MRP1 and LRP was not affected by Her2/neu
positivity or negativity in breast carcinomas. In addition, the
expression of all MDR proteins tested did not correlate either
with the expression of ER or the involvement of regional
lymph nodes. We have found the only positive correlation in
PR/LRP and MDR 1/LRP coexpression which was difficult to
explain. We consider that the most important finding in this
study is decreasing expression of ER and PR with increasing
tumor grade. The loss of these receptors could be explained
by progressive dediferentiation of tumor cells. Moreover, de-
creased expression of MDR1 has also been observed. Despite
of some speculative explanations of this fact by the positive
regulation of MDR1 expression through ER or PR, the eluci-
dation and final approval of this finding needs additional ex-
periments.

References

[1]  HOFFMANN J, SOMMER A. Steroid hormone receptors as tar-
gets for the therapy of breast and prostate cancer-recent ad-
vances, mechanisms of resistance, and new approaches. J
Steroid Biochem Mol Biol 2005; 93: 191-200.

[2]  LARKIN A, O’'DRISCOLLL, KENNEDY S, PURCELL R, MORAN E
et al. Investigation of MRP-1 protein and MDR-1
P-glycoprotein expression in invasive breast cancer: a prog-
nostic study. Int J Cancer 2004; 112: 286-294.

[3] LOHRISCH C, PICCART M. An overview of HER2. Semin
Oncol 2001; 8 Suppl 18: 3—11.

[4] NICHOLSON S, SAINSBURY JR, HALCROW P, CHAMBERS P,
FARNDON JR et al. Expression of epidermal growth factor re-
ceptors associated with lack of response to endocrine ther-
apy in recurrent breast cancer. Lancet 1989; 1: 182-185.

[5]  LAGE H. Drug resistance in breast cancer. Cancer Therapy
2003; 1: 81-91.

[6] EARP HS, DAWSON TL, LI X, YU H. Heterodimerization and
functional interaction between EGF receptor family mem-
bers: a new signaling paradigm with implications for breast
cancer research. Breast Cancer Res Treat 1995; 35: 115-132.

[7]  COLLINS LC, SCHNITT SJ. HER2 protein overexpression in
estrogen receptor-positive ductal carcinoma in situ of the
breast: frequency and implications for tamoxifen therapy.
Mod Pathol 2005; (Epub ahead of print)

[8]  GUARNERIV, BENGALAC,ORLANDINIC, GENNARI A, DONATI

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

S et al. HER2 overexpression as a prognostic factor in meta-
static breast cancer patients treated with high-dose
chemotherapy and autologous stem cell support. Bone Mar-
row Transplant 2004; 34: 413-417.

DE FAZIO A, CHIEW YE, SINI RL, JANES PW, SUTHERLAND RL.
Expression of c-erbB receptors, heregulin and oestrogen re-
ceptor in human breast cell lines. Int J Cancer 2000; 87:
487-498.

PICCART M, LOHRISCH C, DI LEO A, LARSIMONT D. The pre-
dictive value of Her2 in breast cancer. Oncology 2001; 61
Suppl 2: 73-82.

FILIPITS M, SUCHOMEL RW, DEKAN G, HAIDER K,
VALDIMARSSON G et al. MRP and MDR1 gene expression in
primary breast carcinomas. Clin Canc Res 1996; 2:
1231-1237.

SIMON SM, SCHINDLER M. Cell biological mechanisms of
multidrug resistance in tumors. Proc Natl Acad Sci USA
1994; 91: 3497-3504.

LINN SC, PINEDO HM, VAN ARK-OTTE J, VAN DER VALK P,
HOEKMAN K et al. Expression of drug resistance proteins in
breast cancer, in relation to chemotherapy. Int J Cancer
1997; 71: 787-795.

NOOTER K, BRUTEL DE LA RIVIERE G, LOOK MP, VAN
WINGERDEN KE et al. The prognostic significance of expres-
sion of the multidrug resistance-associated protein (MRP) in
primary breast cancer. Br J Cancer 1997; 76: 486—493.
RUDAS M, FILIPITS M, TAUCHER S, STRANZL T, STEGER GG et
al. Expression of MRP1, LRP and Pgp in breast carcinoma
patients treated with preoperative chemotherapy. Breast
Cancer Res Treat 2003; 81: 149-157.

SCHNEIDER J, LUCAS R, SANCHEZ J, RUIBAL A, TEJERINA A et
al. Modulation of molecular marker expression by induction
chemotherapy in locally advanced breast cancer: Correlation
with the response to therapy and the expression of MDR1
and LRP. Anticancer Res 2000; 20: 4373-4378.

SCHEFFER GL, MALIEPAARD M, PIINENBORG ACLM, VAN
GASTELEN MA, DE JONG MC et al. Breast cancer resistance
protein is localized at the plasma membrane in
mitoxantrone- and topotecan-resistant cell lines. Cancer Res
2000; 60: 2589-2593.

ELSTON CW, ELLIS I0. Pathological prognostic factors in
breast cancer I. The value of histological grade in breast can-
cer: Experience from a large study with long term follow up.
Histopathology 1991; 19: 403—410.

HSIA TC, LIN CC, WANG JJ, HO ST, KAO A. Relationship be-
tween chemotherapy response of small cell lung cancer and
P-glycoprotein or multidrug resistance-related protein ex-
pression. Lung 2002; 180: 173—179.

LI EX, LI Y, YANG J, HE J, CHEN L et al. Influence of
P-glycoprotein expression on chemotherapeutic response of
metastatic breast carcinoma. Ai Zheng 2002; 21: 430-432.
FILIPITS M, MALAYERI R, SUCHOMEL RW, POHL G, STRANZL T
et al. Expression of the multidrug resistance protein (MRP1)
in breast cancer. Anticancer Res 1999; 19: 5043-5050.
IZQUIERDO MA, SCHEFFER GL, FLENS MJ, GIACCONE G,
BROXTERMAN HJ et al. Broad distribution of the multidrug
resistance-related vault lung resistance protein in normal hu-
man tissues and tumors. Am J Pathol 1996; 148: 877-887.



EXPRESSION OF MDR PROTEINS IN BREAST CANCER

135

(23]

(24]

[25]

[26]

(27]

(28]

POHL G, FILIPITS M, SUCHOMEL RW, STRANZL T, DEPISCH D et
al. Expression of the lung resistance protein (LRP) in pri-
mary breast cancer. Anticancer Res 1999; 19: 5051-5055.
FANEYTE IF, KRISTEL PM, VAN DE VIJVER MJ. Multidrug re-
sistance associated genes MRP1, MRP2 and MRP3 in pri-
mary and anthracycline exposed breast cancer. Anticancer
Res 2004; 24: 2931-2939.

YU P, XIAO NX, CHEN YP. Expression of P-glycoprotein and
lung resistance protein in breast carcinoma and its relation-
ship with prognosis. Ai Zheng 2003; 22: 1339-1342.
BURCOMBE RJ, MAKRIS A, RICHMAN PI, DALEY FM, NOBLE S
et al. Evaluation of ER, PgR, Her-2 and Ki-67 as predictors
of response to neoadjuvant anthracycline chemotherapy for
operable breast cancer. Br J Cancer 2005; 92: 147-155.
LIZARD-NACOL S, GENNE P, COUDERT B, RIEDINGER M,
ARNAL M et al. MDR1 and thymidylate synthase (TS) gene
expressions in advanced breast cancer: Relationship to drug
exposure, pS3 mutations, and clinical outcome of the pa-
tients. Anticancer Res 1999; 19: 3575-3582.

MORIKI T, TAKAHASHI T, TANIOKA F, YAMANE T, HARA H.
Proliferative activity in breast carcinoma evaluated by BrdU
and PCNA. Correlation with expression of p53, c-erbB-2,

[29]

[30]

[31]

(32]

[33]

[34]

estrogen receptor and P-glycoprotein. Pathol Res Pract
1995; 191: 1122-1132.

HAHNEL R, SPILSBURY K. Oestrogen receptors revisited:
Long-term follow up of over five thousand breast cancer pa-
tients. ANZ J Surg 2004; 74: 957-960.

DEXTER DW, REDDY RK, GELES KG, BANSAL S, MYINT MA et
al. Quantitative reverse transcriptase-polymerase chain reac-
tion measured expression of MDR1 and MRP in primary
breast carcinoma. Clin Cancer Res 1998; 4: 1533-1542.
TROCK BJ, LEONESSA F, CLARKE R. Multidrug resistance in
breast cancer: A meta-analysis of MDR1/gp170 expression
and its possible functional significance. JNCI 1997; 89:
917-931.

LEONESSA F, CLARKE R. ATP binding cassette transporters
and drug resistance in breast cancer. Endocr Relat Cancer
2003; 10: 43-73.

ZAMPIERI L, BIANCHI P, RUFF P, ARBUTHNOT P. Differential
modulation by estradiol of P-glycoprotein drug resistance
protein expression in cultured MCF7 and T47D breast can-
cer cells. Anticancer Res 2002; 22: 2253-2259.

PIEKARZ RL, COHEN D, HORWITZ SB. Progesterone regulates
the murine multidrug resistance mdrlb gene. J Biol Chem
1993; 268: 7613-7616.



