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Positive Correlation between Cyclooxygenase 2 and the
Expression of ABC Transporters in Non-small Cell Lung Cancer
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Abstract. Background: The primary method of treatment of
non-small cell lung cancer (NSCLC) in stage IIIB and 1V is
chemotherapy. Previous data suggested a correlation between
cyclooxygenase-2 (COX-2) expression and the multidrug-
resistant phenotype of cancer cells. Materials and Methods: In
this prospective study, 32 patients with NSCLC in stage I1IB and
1V from 1,078 patients were included. The expression of COX-2
as well as the expression of the ABC transporters MDRI/P-
glycoprotein (MDR1/P-gp), BCRP and MRP1 were detected
immunohistochemically. Results: Univariate and multivariate
analyses demonstrated no prognostic or predictive significance
of these proteins. It was merely demonstrated that complete or
partial response are favourable factors for prediction of longer
progression-free survival time. However, a strong positive
correlation between the expression of COX-2, MDRI1/P-gp and
BCRP was found in NSCLC. Conclusion: These data suggest no
clinical impact for the expression of MDRI1/P-gp, MRP1, BCRP
or COX-2 in NSCLC, but a putative coregulation of COX-2 and
MDRI1/P-gp and BCRP in NSCLC.
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Non-small cell lung cancer (NSCLC) is responsible for
around 80% of all lung cancer cases. Treatment of NSCLC,
which is characterised by the low susceptibility to
chemotherapy, is still problematic for investigation by clinical
and basic researchers. The primary form of therapy is surgery
but, unfortunately, surgery can merely be applied in 20-25%
of the patients in stages I-IIIA as determined on the basis of
the TNM classification. Patients diagnosed in stage IIIB make
up a group of about 15% among all patients with NSCLC (1).
The standard therapy in the case of most patients in stage I1IB,
who do not qualify for the surgical treatment is
chemoradiotherapy. Although chemoradiotherapy significantly
increases the success of treatment, the 5-year survival of
NSCLC patients is less than 10% (2). 5-Year survival in stage
IV of NSCLC is less than 1% , and treatment with cytotoxic
drugs has a rather palliative character.

The leading cause of the lack of the successful treatment
of NSCLC in stage IIIB and IV is a therapy-resistant
phenotype of the cancer cells. The cellular factors involved
in therapy resistance, in particular drug resistance, can
potentially act as targets in the development of new
therapeutic strategies and may be useful for the prediction of
resistance to individual drugs. This approach would help to
avoid ineffective drugs in therapy and would allow the
application of efficient drugs and effective therapeutic
protocols. Drug resistance in NSCLC is commonly a
multidrug resistance (MDR). This phenotype is characterised
by simultaneous resistance against multiple antineoplastic
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agents with different chemical structures and modes of
action. MDR is often associated with the overexpression of
energy-dependent transmembrane drug extrusion pumps, i.e.
members of the family of adenosine triphosphate-binding
cassette (ABC) transporters. The human genome project
identified at least 48 human genes encoding different
members of this protein family. Out of these proteins,
MDR1/P-glycoprotein (MDR1/P-gp), multidrug resistance
protein 1 (MRPI1) and breast cancer-resistance protein
(BCRP) were found to be the most important drug
transporters associated with clinical drug resistance (3)

A biochemical study demonstrated that cyclooxygenase-2
(COX-2) can up-regulate the expression level of MDR1/P-gp
in vitro (4). Furthermore, it was shown that there is a strong
positive correlation between the expression of COX-2 and
MDR1/P-gp in tissue specimens prepared from ovarian (5)
and breast cancer (6). These data indicate that a potential
application of COX-2 inhibitors as treatment parallel to
anticancer chemotherapy may increase the susceptibility of
cancer cells to the chemotherapeutic regimen.

The aim of this study was to analyse potential correlations
between COX-2 expression and the expression of the
clinically most important ABC transporters MDR1/P-gp,
MRP1 and BCRP, as well as the prognostic and predictive
significance of these transporter proteins in patients suffering
from stage IIIB and IV NSCLC, ineligible for surgery and
treated with chemotherapy.

Patients and Methods

Patients. The studies were performed prospectively. Between January
2002 and December 2004, lung cancer was the reason for 1,078
thoracotomies at the Lower Silesian Centre of Lung Diseases, Thoracic
Surgery Centre (Poland). The procedures included 933 (86.5%)
anatomical resections (lobectomy, bilobectomy or pulmonectomy),
101 (9.4% ) wedge resections, 15 (1.4% ) exploratory thoracotomies
and 29 (2.7% ) diagnostic thoracotomies.

The clinical stage of tumour advancement (cTNM) was established
by routine radiological examination (AP and lateral chest radiograms,
computer-assisted tomography of the chest), bronchofiberoscopy, and
ultrasonography of abdomen. When the presence of distant metastases
outside of the chest was clinically suspected, computer-assisted
tomography of abdomen, head or bone scintigraphy was additionally
performed. Suspicion of metastases to mediastinal lymph nodes (their
diameters exceeding 1 cm in radiological examination) provided
indication to perform mediastinoscopy.

Before sampling of tumour tissue for further studies, none of the
patients was subjected to chemotherapy or radiotherapy.

In line with the research program, data of 44 patients subjected to
exploratory or diagnostic thoracotomy only were prospectively
analysed. In neither of the procedures was the tumour removed,
except for small samples taken for histopathological studies. In
cases of macroscopically altered, enlarged lymph nodes in the
mediastinum or hilus, sampling of the most representative lymph
nodes for histopathological examination was conducted. When the
primary lesion was accompanied by metastases in the same lobe
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(trait T4) or in another lobe (trait M 1), samples of the lesions were
taken for histopathological examination.

Twelve patients (27.3% ) were excluded from further studies and
observation: five were disqualified due to their poor general condition
(grade of efficiency according to WHO >2, loss of body weight
exceeding 10% ); in 3 patients small cell cancer was diagnosed; 2
patients were subjected to radiotherapy only and 2 patients declined
further treatment following the procedure. The study was approved
by an Institutional Review Board and the patients gave their informed
consent before their inclusion into the study.

Tumour samples were isolated from 32 patients (Table I) and
subjected to immunohistochemical analysis. Histopathology confirmed
in all cases the diagnosis of NSCLC and, in combination with pre-
operative radiological diagnosis, established in all patients stage I1IB
or IV advancement of the disease. The mean period of observation
following surgery amounted to 14.4 months (ranging from 1.8 to 35.5
months). The clinical course of the disease was evaluated during visits
before administration of consecutive chemotherapy cycles and then
every three months, unless progression of the disease enforced earlier
visits of the patients. Response to chemotherapy was monitored by
review AP and lateral chest radiograms and using endoscopy after
every cycle of chemotherapy and upon termination of the treatment
(chest radiogram, chest tomography), which permitted the dimensions
of the tumour to be measured. Abdominal ultrasonography and
bronchofiberoscopy were also conducted. In cases of distant
metastases to the brain, computer-assisted tomography of the head and,
upon suspected metastases to bones, scintigraphy were also performed.

Before termination of the studies, 24 (75% ) patients died due to
progressive neoplastic disease. Thirty-two patients following
exploratory or diagnostic thoracotomy were subjected to cisplatin-
based chemotherapy. Individual therapeutic cycles were repeated
every 21 days (Table I). In the study group, 6 patients following
chemotherapy received palliative radiotherapy of Co-60, 20 Gy/5 fr:
in 4 patients to the primary lesion (due to the lack of response to
chemotherapy), in two patients to metastases to bones and brain.
Standard criteria of the response to chemotherapy were applied (7).

Immunohistochemistry. Formalin-fixed paraffin-embedded tissue was
freshly cut (4 pm). The sections were mounted on Super frost slides
(Menzel Glidser, Germany), dewaxed with xylene and gradually
rehydrated. Activity of endogenous peroxidase was blocked by 5
minutes’ exposure to 3% H,0,. All the studied sections were boiled
in Antigen Retrieval Solution (DakoCytomation, Glostrup, Denmark),
in the case of COX-2 for 10 minutes and in the case of MDR1/P-gp
for 15 minutes. Immunohistochemical reactions were performed using
monoclonal mouse antibodies against COX-2 (Cayman Chemical
Company, Ann Arbor, MI, USA) at a dilution of 1:2,000; monoclonal
mouse antibodies (clone C219) against MDRI1/P-gp (Alexis
Biochemicals, Griinberg, Germany) at a dilution of 1:100 and
monoclonal mouse antibodies (clone JSB-1) against MDR1/P-gp
(Roche Diagnostics, Mannheim, Germany) at a dilution of 1:100;
monoclonal mouse antibodies (clone MRPrl) against MRPI
(Monosan, Holand) at a dilution of 1:100; and monoclonal mouse
antibodies (clone BXP-21) against BCRP (Alexis Biochemicals,
Griinberg, Germany) at a dilution of 1:100. The antibodies were
diluted in Antibody Diluent with background reducing component
(DakoCytomation). Tested sections were incubated with antibodies
for 1 h at room temperature. Subsequent incubations involved
biotinylated antibodies (15 minutes, room temperature) and
streptavidin-biotinylated peroxidase complex (15 minutes, room
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Table 1. Patient and tumour characteristics.

Characteristic No. (%)
All patients

32 (100)
Age (years/mean 59.9)

<55 13 (40.6)

56-65 11 (34.4)

>65 8 (25)
Gender

Male 21 (65.6)

Female 11 (34.4)
Stage

111B 17

Infiltration of large vessels 13

Infiltration of spinal column 2

Infiltration of trachea 1

Infiltration of oesophagus 1

v 15 (81.2)
cT

T2/3 6 (18.8)

T4 26 (81.2)
cN

NO 5(15.6)

N1 3(94)

N2 12 (37.5)

Nx 12 (37.5)
cM

MO 17 (53.1)

M1 15 (46.9)
Location of the primary tumour

Left 19 (59.4)

Right 13 (40.6)
Clinical response

Complete response 1(3.1)

Partial response 3(9.4)

Stable disease 17 (53.1)

Progressive disease 11 (34.4)
Histology

Planoepithelial 10 (31.2)

Adenocarcinoma 16 (50)

Giant cell tumour 4(12.5)

Non-small cell, poorly differentiated 2(6.3)
Chemotherapy (in total)

Cisplatin/etoposide 18 (56.2)

Cisplatin/vinorelbine 7(21.9)

Cisplatin/mitomycin/isophosphamide 4(125)

Cisplatin/gemcitabine 3(94)

temperature) using a LSAB+ HRP system (DakoCytomation).
DAB+, Liquid (DakoCytomation) was used as a chromogen (7
minutes, room temperature). All the sections were counterstained with
Meyer's hematoxylin. Each reaction was accompanied by the negative
control in which the specific antibody was substituted by the Primary
Mouse Negative Control (DakoCytomation).

Evaluation of reaction intensity. Intensity of immunohistochemical
reactions was estimated independently by two pathologists. In
doubtful cases, a re-evaluation was performed using a double-headed

microscope and staining was discussed until a consensus was
achieved. Intensity of immunohistochemical reactions was evaluated
using a semi-quantitative immunoreactive score (IRS) scale (8)
which took into account intensity of colour reaction and percentage
of positive cells. The results represent the product of scores allocated
for the evaluated traits and range between 0 and 12.

Control reactions. Sections of six formalin-fixed and paraffin-
embedded normal human liver samples for each of the examined
ABC transporters were used as positive control. To evaluate the
specificity of COX-2 antibody (Cayman Chemical Company),
blocking experiments using a COX-2 blocking peptide (Cayman
Chemical Company) were performed as described elsewhere (6, 9).

Statistical analysis. Statistical analysis of the results took advantage
of Statistica 98 PL software (Statsoft, Krakow, Poland). The
employed tests included Spearman’s rank correlation and Chi? tests.
Kaplan-Meier’s statistics, log-rank and Cox F tests were performed
to estimate significance of differences in survival times.

Results

Expression of COX-2 and ABC transporters in NSCLC. As
shown in Figure 1A, COX-2-specific staining reaction was
detected in the cytoplasm of the cancer cells. The average
intensity of the immunocytochemical reaction according to
the IRS scale was 2.625+3.160 (min 0, max 12).

For detection of MDR1/P-gp, two different antibodies were
used, JSB-1 and C219. Both antibodies showed staining
reactions in the membrane and the cytoplasm of the cancer cells.
The average intensity of the immunocytochemical reaction was
1.437+1.625 (min 0, max 6) using JSB-1 (Figure 1A) and
1.475£1.694 (min 0, max 6) staining with C219 (Figure 1B).

Likewise, BCRP-specific staining could be detected in the
membrane and the cytoplasm of the cancer cells (Figure 1C).
The average intensity of the immunocytochemical reaction
was 6.840+3.619 (min 0, max 12).

In the case of MRP1, the staining reaction was also detected
in the membrane and the cytoplasm of the cancer cells (Figure
1D1), whereby the staining intensity in squamous cancer cells
was higher than in cells with lower differentiation (Figure
1D2). The average intensity of the immunocytochemical
reaction was 5.281+4.502 (min 0, max 12).

Correlation between expression of COX-2 and ABC
transporters. The correlation between the expression of COX-
2 and the expression of three different ABC transporters in
NSCLC was determined. A statistically significant correlation
was observed between expression the COX-2 and MDR1/P-
gp using the JSB-1 antibody (p<0.0001) (Figure 2A) and
antibody C219 antibody (p<0.0001) (Figure 2B), as well as
between COX-2 and BCRP expression (p=0.003) (Figure
2C). The calculations showed a strong positive correlation
between the different antibodies for detection of MDR1/P-gp,
i.e. JSB-1 and C219 (R=0.92; p<0.0001). No statistically
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Figure 1. Immunohistochemical localization of protein expression in NSCLC sections. A, Expression of COX-2 (hematoxylin, x200). B, Expression

of MDR1/P-gp (C219) (hematoxylin, x400). C, Expression of BCRP (hematoxylin, x400). D1-2, Expression of MRP1 (hematoxylin, x400).
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Figure 2. Relationships between COX-2 expression and the expression of: A, MDR1/P-gp using the antibody JSB-1; B MDR1/P-gp using the antibody

C219; C, BCRP and D, MRP1 (Spearman’s rank correlation).

significant correlation was observed between COX-2 and
MRP1 expression (p=0.2217) (Figure 2D).

Relationships between expression of studied proteins and
clinical/pathological data. Analysis of the dependence
between the expression of the investigated proteins and
clinical and pathological data of the patients revealed merely
two dependences: (i) increased (above average) expression
of MDR1/P-gp was characteristic for patients older than 65
years (Table II), and (ii) increased (above average)
expression of BCRP in NSCLC was characteristic for
patients reporting a higher number of toxic symptoms of
chemotherapy (according to WHO) (Table II). Table II
summarises the data of all calculations.

Patient survival. The period of survival free of progression of
the neoplastic disease amounted in the study group to a mean
of 9.2 months (median: 5 months), with patients at IIIB stage

surviving for a mean of 9 months (median: 4 months) and
patients at IV stage surviving a mean of 9.4 months (median: 5
months). The mean period of survival of patients in the study
group amounted to 14.6 months (median: 12.3 months; range:
1.8 to 35.9 months). Patients at stage IIIB survived an average
of 14.3 months (median: 11.7 months; range: 2.2 to 35.9
months). At this stage, 41.2% patients survived a period of one
year and 11.8 % patients survived two years. At stage IV, the
mean survival time was 15.1 months (median: 14.9 months;
range: 1.8 to 32 months) with 53.3% patients surviving a
period of one year and 20% patients surviving two years.

Univariate survival analysis. Log-rank test and Kaplan-
Meier analyses did not show any dependence between the
expression of the studied proteins, i.e. neither COX-2,
MDR1/P-gp (JSB-1 and C219), BCRP, MRPI, stage,
clinical response and progression-free or overall survival
(Table III).
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Table II. Relationships between protein expression and various clinicopathological factors.

P value (Chi-quare test)

Parameter COX-2 MDRI1/P-gp (JSB1) MDRI1/P-gp (C219) BCRP MRP1
Age 0.9650 0.0490 0.0480 0.1540 0.1540
Gender 0.3730 0.5292 0.5284 0.5292 0.9072
Smoking 0.9570 0.8379 0.8383 0.8379 0.8379
Degree of fitness 0.6807 0.8379 0.8379 0.8379 0.8379
Stage 0.7547 0.4916 0.5231 0.4916 0.1493
Histology 0.0679 0.5993 0.5993 0.3158 0.3158
Location of the primary tumour (left/right) 0.6179 0.4302 04315 0.9461 0.4302
Size of the tumour before chemotherapy 1.0000 0.7232 0.7232 0.0765 0.1541
Size of the tumour after chemotherapy 0.8881 0.5292 0.5485 0.9072 0.1691
Change of tumour size after chemotherapy 0.5820 0.5820 0.5820 0.1990 0.7136
pT (T2/3 vs. T4) 0.7321 0.8649 0.8543 0.2811 0.8649
pT4 feature (scatter in a flap vs. local infiltration) 0.5077 0.6637 0.6644 0.7685 0.4726
pN (pN2 vs. pNO / pN1) 0.0679 0.0679 0.0723 0.8522 0.3613
M 0.7547 0.4916 0.4920 0.4916 0.1493
Chemotherapy toxicity 0.4575 0.8632 0.8632 0.0112 0.8632
Clinical response to the chemotherapy 0.4190 0.3486 0.3486 0.2282 0.8935

Table II1. Univariate survival analysis of relationships between clinical
data, protein expression, progression-free and overall survival time.

Table IV. Multivariate survival analysis of relationships between clinical
data, protein expression, progression-free and overall survival time.

P Value log-rank test

P Value (Cox F test)

Studied parameter Progression- Overall Studied parameter Progression- Overall
free survival survival free survival survival
COX-2 0.9036 0.7284 COX-2 0.543 0.656
MDR1/P-gp (JSB-1) 0.5625 0.8437 MDR1/P-gp (JSB-1) 0.597 0.847
MDR1/P-gp (C219) 0.5626 0.8441 MDR1/P-gp (C219) 0.597 0.847
BCRP 0.4982 0.8049 BCRP 0.536 0.808
MRPI 0.9603 0.9494 MRP1 0.963 0.949
Stage 0.8753 0.9206 Stage 0.554 0.987
Clinical response to chemotherapy 0.8142 0.7971 Clinical response to chemotherapy 0.049 0.082

Multivariate survival analysis. The calculations using Cox
F test demonstrated that patients who reached
chemotherapy-associated complete or partial response had
a statistically significantly longer progression-free survival
as compared to those who achieved stabilization or
progression of the disease (p=0.049) (Table IV). No
correlation between clinical response and overall survival
time was observed. In the case of the other factors, i.e.
COX-2, MDR1/P-gp (JSB-1 and C219), BCRP, MRP1 and
stage, no correlation was found with progression-free or
overall survival time (Table 1V).

2972

Discussion

The chemotherapeutic treatment of NSCLC, usually with
different drug-resistant phenotypes, is a major problem in
clinics, particularly in the case of advanced stages IIIB and IV,
where successful treatment with surgery is impossible.
Resistance against antineoplastic drugs is responsible for the
poor prognosis in the advanced stages of NSCLC, in which
chemotherapy is the primary form of treatment (13).
Investigations of chemoresistance in NSCLC are obscure and
many of them describe very differentiated and small groups of
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patients. One of the reasons for the small number of
investigated patients is the problem with obtaining sufficient
amounts of material and of good quality for the investigations,
especially in the advanced stages. In some earlier evaluated
clinical data, patients were in different stages and with
different prognosis of NSCLC (from I to IV). These
discrepancies may influence the overall score of the prognostic
factor of the investigated proteins in cancer tissue (11-13).

The expression and potential correlations between COX-2
and MDR-associated ABC transporters in NSCLC of stage
IIIB and IV were analysed here. In addition the correlation
between the expression of these proteins and clinical and
pathological factors were analysed. The data demonstrated
that neither COX-2 nor any of the investigated ABC
transporters has any influence on the length of the
progression-free or overall survival. A strong positive
correlation between staining data of MDR1/P-gp using two
different antibodies, JSB-1 and C219, was shown.
Multivariate survival analysis demonstrated that patients with
a complete or partial response had a significantly longer
progression-free survival as compared to those who achieved
stabilisation or progression of the disease.

Brooks et al. (14) reported that in a group of NSCLC patients
treated with vinorelbine and cisplatin in stage III, no correlation
between expression of MDR1/P-gp and total survival time could
be found, but they also did not find influence of MDR1/P-gp
expression on the progression-free survival. In contrast, Yoh et
al. (15) did not find any difference in the survival time with
overexpression of MDR1/P-gp or benefits in progression-free
survival. Further studies, analysing MDR1/P-gp as a potential
predictive factor towards treatment with cytotoxic drugs did not
find significant differences in the survival time of the patients
with high or low expression of MDR1/P-gp (11, 16). However,
an increased 5-year survival rate of NSCLC patients with lower
expression of MDR1/P-gp following surgery and adjuvant
chemotherapy using cisplatin was reported by Yokoyama et al.
(12). According to some studies, higher levels of MDR1/P-gp
expression can be observed in patients treated with neoadjuvant
chemotherapy. This observation may suggest a potential role of
this ABC transporter in drug resistance triggered by treatment
with cytotoxic drugs (11).

In this study, we did not find any prognostic value for
MRP1. These data are in agreement with those obtained by
Yoh et al. (15). Interestingly, Berger et al. (11) found a
higher average survival in patients with overexpression of
MRP1. Unfortunately, in the multivariate analysis, they could
not confirm the role of MRP1 as an independent prognostic
factor of patient survival. In in vitro investigations, there was
a correlation between expression of MRP1 and a broad
spectrum of the drugs which are substrates for this protein,
including cisplatin (17, 18).

Likewise, no impact of BCRP expression on NSCLC
patient outcome could be found in this study. This

observation is contrary to the conclusions of Yoh et al. (15)
in which positive immunostaining for BCRP appeared to be
a predictor of survival in patients with advanced NSCLC.
However, a final assessment of a potential clinical impact of
BCRP for NSCLC is currently not possible.

In recent years, considerable interest has arisen in the
potential role of COX-2 as a prognostic factor for malignant
diseases. Some studies are available that report a prognostic
value of COX-2 expression in NSCLC (20-22). These
correlations could not be confirmed in the group of patients
investigated here. Thus, there is further need for clarification
of the potential clinical impact of COX-2 in NSCLC.

The fact that in this study no correlation between
expression of ABC transporters and clinical response of
NSCLC patients could be found is in line with the findings
of others (15, 16, 22-24). The absence of a positive
correlation between the expression of the investigated ABC
transporters, clinical response and survival rates may reflect
the more sophisticated mechanisms of drug resistance in
clinical settings than under in vitro conditions. However, a
contribution of these transporters to a complex, multi-modal
mechanism of clinical drug resistance of NSCLC cannot be
excluded.

Studies are available that suggest a role of COX-2 in the
regulation of the expression of MDR1/P-gp (4, 25). Strong
positive correlation between the expression of COX-2 and
MDRI1/P-gp was observed in hepatocellular carcinoma (26),
breast cancer (6) and ovarian cancer (5). Furthermore, it was
reported that COX-2 inhibitors can modulate MRP1-
dependent drug resistance (27). In this study, we show strong
positive correlation between COX-2 expression and the
levels of MDR1/P-gp and BCRP expression. Therewith, this
is the first report that indicates a potential role of COX-2 for
the regulation of BCRP. Taking all these observations into
consideration, COX-2 may be a factor that can regulate the
expression of all three ABC transporters, MDR1/P-gp,
MRP1 and BCRP. Thus, COX-2 inhibitors should be
considered as potential agents for the modulation of clinical
drug resistance of NSCLC. However, further studies are
necessary to substantiate this.

In conclusion, the data of this study did not show a
prognostic or predictive value of COX-2, MDR1/P-gp, MRP1
or BCRP1 in NSCLC. However, it was found that clinical
response to chemotherapy is a prognostic factor in a longer
progression-free survival and COX-2 may be involved in the
regulation of MDR1/P-gp and BCRP. These correlations
should be analysed in more detail to demonstrate any
potential application of COX-2 inhibitors for the supporting
chemotherapeutic treatment of advanced stages of NSCLC.

Acknowledgements

We thank Martina Eickmann for secretarial and editorial assistance.

2973



ANTICANCER RESEARCH 28: 2967-2974 (2008)

References

1 Jett JR, Scott WJ, Rivera MP and Sause WT: American College
of Chest Physicians. Guidelines on treatment of stage IIIB non-
small cell lung cancer. Chest /23: 221S-225S, 2003.

2 Dillman RO, Herndon J and Seagren SL: Improved survival in
stage III non-small cell lung cancer: seven-year follow-up of
cancer and leukemia group B (CALGB) 8433 Trial. J Natl
Cancer Inst 88: 1210-1215, 1996.

3 Lage H: ABC transporters: implications on drug resistance from
microorganisms to human cancers. Int J Antimicrob Agents 22:
188-199, 2003.

4 Patel VA, Dunn MJ and Sorokin A: Regulation of MDR-1
(P-glycoprotein) by cyclooxygenase-2. J Biol Chem 277: 38915-
38920, 2002.

5 Surowiak P, Materna V, Denkert C, Kaplenko I, Spaczynski M,
Dietel M, Zabel M and Lage H: Significance of cyclooxygenase 2
and MDRI1/P-glycoprotein coexpression in ovarian cancers.
Cancer Lett 235: 272-280, 2006.

6 Surowiak P, Materna V, Matkowski R, Szczuraszek K, Kornafel
J, Wojnar A, Pudelko M, Dietel M, Denkert C, Zabel M and
Lage H: Relationship between cyclooxygenase 2 and
P-glycoprotein expressions in invasive breast cancers and their
prognostic significance. Breast Cancer Res 7: R862-870, 2005.

7 Miller AB, Hoogstraten B, Staquet M and Winkler A: Reporting
results of cancer treatment. Cancer 47: 207-214, 1981.

8 Remmele W and Stegner HE: Recommendation for uniform
definition of an immunoreactive score (IRS) for immunohisto-
chemical estrogen receptor detection (ER-ICA) in breast cancer
tissue. Pathology &: 138-140, 1987.

9 Ristiméki A, Nieminen O, Saukkonen K, Hotakainen K, Nordling
S and Haglund C: Expression of cyclooxygenase-2 in human
transitional cell carcinoma of the urinary bladder. Am J Pathol
158: 849-853,2001.

10 Filipits M, Haddad V, Schmid K, Huynh A, Dunat A, Andre F,
Brambila E, Stahel R, Pignon J-P, Soria J-C, Popper HH, Le
Chevalier T and Pirker R: Multidrug resistance proteins do not
predict benefit of adjuvant chemotherapy in patients with
completely resected non-small cell lung cancer: International
Adjuvant Lung Cancer Trial Biologic Program. Clin Cancer Res
13: 3892-3898, 2007.

11 Berger W, Setinek U, Hollaus P, Zidek T, Steiner E, Elbling L,
Cantonati H, Attems J, Gsur A and Micksche M: Multidrug
resistance markers P-glycoprotein, multidrug resistance protein 1,
and lung resistance protein in non-small cell lung cancer: prognostic
implications. J Cancer Res Clin Oncol /31: 355-363, 2005.

12 Yokoyama H, Ishida T, Sugio K, Inoue T and Sugimachi K:
Immunohistochemical evidence that P-glycoprotein in non-small
cell lung cancers is associated with shorter survival. Surg Today
29: 1141-1147, 1999.

13 Nakanishi Y, Kawasaki M, Bai F, Takayama K, Pei XH, Takano
K, Inoue K, Osaki S, Hara N and Kiyohara C: Expression of p53
and glutathione S-transferase-pi relates to clinical drug resistance
in non-small cell lung cancer. Oncology 57: 318-323, 1999.

14 Brooks KR, To K, Joshi MB, Conlon DH, Herndon JE 2nd,
D'Amico TA and Harpole DH Jr: Measurement of chemoresistance
markers in patients with stage III non-small cell lung cancer: a novel
approach for patient selection. Ann Thorac Surg 76: 187-193, 2003.

15 Yoh K, Ishii G, Yokose T, Minegishi Y, Tsuta K, Goto K,
Nishiwaki Y, Kodama T, Suga M and Ochiai A: Breast cancer-

2974

resistance protein impacts clinical outcome in platinum-based
chemotherapy for advanced non-small cell lung cancer. Clin
Cancer Res 70: 1691-1697, 2004.

16 Myatake K, Gemba K, Ueoka H, Nishii K, Kiura K, Tabata M,
Shibayama T, Takigawa N, Kawaraya M and Tanimoto M:
Prognostic significance of mutant p53 protein, P-glycoprotein
and glutathione S-transferase-pi in patients with unresectable
non-small cell lung cancer. Anticancer Res 23: 2829-2836, 2003.

17 Berger W, Elbling L, Hauptmann E and Micksche M: Expression
of the multidrug resistance-associated protein (MRP) and
chemoresistance of human non-small-cell lung cancer cells. Int
J Cancer 73: 84-93, 1997.

18 Giaccone G, van Ark-Otte J, Rubio GJ, Gazdar AF, Broxterman
HJ, Dingemans AM, Flens MJ, Scheper RJ and Pinedo HM:
MRP is frequently expressed in human lung-cancer cell lines, in
non-small-cell lung cancer and in normal lungs. Int J Cancer 66:
760-767, 1996.

19 Byun JH, Lee MA, Roh SY, Shim BY, Hong SH, Ko YH, Ko SJ,
Woo IS, Kang JH, Hong YS, Lee KS, Lee AW, Park GS and Lee
KY: Association between cyclooxygenase-2 and matrix
metalloproteinase-2 expression in non-small cell lung cancer.
Jpn J Clin Oncol 36: 263-268, 2006.

20 Yuan A, Yu CJ, Shun CT, Luh KT, Kuo SH, Lee YC and Yang
PC: Total cyclooxygenase-2 mRNA levels correlate with
vascular endothelial growth factor mRNA levels, tumor
angiogenesis and prognosis in non-small cell lung cancer
patients. Int J Cancer 1175: 545-555, 2005.

21 Zhang HZ, Lu ZQ, Xie DR, Li HG, Xiong LH, Zhang H and Chen
XB: Effect of cyclooxygenase-2 and matrix metalloproteinase-2
expression on prognosis of lung cancer. Ai Zheng 23: 1190-1193,
2004 (In Chinese).

22 Kawasaki M, Nakanishi Y, Kuwano K, Takayama K, Kiyohara
C and Hara N: Immunohistochemically detected p53 and P-
glycoprotein predict the response to chemotherapy in lung
cancer. Eur J Cancer 34: 1352-1357, 1998.

23 Chiou JF, Liang JA, Hsu WH, Wang JJ, Ho ST and Kao A:
Comparing the relationship of taxol-based chemotherapy response
with P-glycoprotein and lung resistance-related protein expression
in non-small cell lung cancer. Lung /81: 267-273, 2003.

24 Yeh JJ, Hsu WH, Wang JJ, Ho ST and Kao A: Predicting
chemotherapy response to paclitaxel-based therapy in advanced
non-small-cell lung cancer with P-glycoprotein expression.
Respiration 70: 32-35, 2003.

25 Ratnasinghe D, Daschner PJ, Anver MR, Kasprzak BH, Taylor
PR, Yeh GC and Tangrea JA: Cyclooxygenase-2, P-glycoprotein-
170 and drug resistance: is chemoprevention against multidrug
resistance possible? Anticancer Res 2/: 2141-2147, 2001.

26 Ziemann C, Schifer D, Riidell G, Kahl GF and Hirsch-Ernst KI:
the cyclooxygenase system participates in functional Mdrlb
overexpression in primary rat hepatocyte cultures. Hepatology
35: 579-588, 2002.

27 Kang HK, Lee E, Pyo H and Lim SJ: Cyclooxygenase-
independent down-regulation of multidrug resistance-associated
protein-1 expression by celecoxib in human lung cancer cells.
Mol Cancer Ther 4: 1358-1363, 2005.

Received March 18, 2008
Revised June 26, 2008
Accepted July 4, 2008



