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Abstract
Cigarette smoke is the principal risk factor for chronic obstructive pulmonary
disease (COPD). Multidrug resistance (MDR) proteins, such as multidrugresistance-associated protein-1 (MRP1), P-glycoprotein (P-gp) and lungresistance-related protein (LRP) may protect against oxidative stress and
toxic compounds generated by cigarette smoke. Expression of MRP1, P-gp
and LRP was evaluated in bronchial epithelium of two study groups of COPD
patients and their controls, and was associated with disease status and
smoking history. In study group one, MRP1, but not P-gp and LRP expression
was lower (p=0.029) in normal bronchial epithelium of COPD patients (n=11)
compared to healthy controls (n=8). MRP1 expression was high in squamous
metaplastic epithelium. When including expression in squamous metaplastic
cells, MRP1 was still lower in total bronchial epithelium in the COPD group
(p=0.038). In study group two, expression of MRP1, but not of P-gp and LRP,
was lower (p=0.047) in lung tissue of (very) severe COPD (n=10) versus mild
to moderate COPD (n=9) patients. In conclusion, MRP1 expression was lower
in bronchial biopsies of COPD patients than of healthy controls, and was
also lower in patients with severe COPD than with mild/moderate COPD.
Our ﬁndings indicate that diminished MRP1 expression in normal bronchial
epithelium is associated with COPD. The exact role in COPD pathogenesis is
to be revealed by further functional studies.
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Chronic obstructive pulmonary disease (COPD) is characterized by the
presence of progressive, mainly irreversible airﬂow limitation due to chronic
bronchitis or emphysema. Cigarette smoking, which causes oxidative stress
in the lungs by production of free radicals [11, 14], is the principal risk
factor to develop COPD. An oxidant/antioxidant imbalance is considered to
be an important factor in the pathogenesis of COPD [13]. Airway epithelium
together with alveolar macrophages belong to the ﬁrst line of defense against
inhaled toxic substances. It is not clear which factors protect against
exposure of bronchial epithelium to exogenous toxic agents, such as present
in cigarette smoke.
Over the past decade oncological studies aiming to elucidate
mechanisms of cytostatic drug resistance have identiﬁed some molecules
pivotal to protect cells against xenobiotics. Tumor cells that are resistant
to a certain cytostatic drug are often also resistant to other structurally
and functionally unrelated natural product drugs. This feature is termed
multidrug resistance (MDR). Many MDR-related proteins can act as cellular
efﬂux pumps, resulting in decreased intracellular concentrations of drugs at
the site of action. Several MDR mechanisms have been identiﬁed, mediated
by members of the ‘ATP-binding cassette’ (ABC) transporter superfamily,
e.g. multidrug resistance-associated protein 1 (MRP1) and P-glycoprotein
(P-gp, encoded by the MDR1 gene) [2, 9]. MRP1 can transport glutathione
(GSH)-conjugates such as the inﬂammatory mediator leukotriene C4, as
well as substrates in the presence of GSH, thereby decreasing intracellular
concentrations of toxic compounds [7]. P-gp efﬂuxes toxic compounds out of
cells and is present in for example apical membranes in the liver, intestine
and kidney. Another protein associated with MDR is lung resistance-related
protein (LRP), the human major vault protein. Vaults are cytosolic structures
that may compartmentalise drugs to protect intracellular target [4, 18, 19].
Limited data is available on MDR proteins in normal lung tissue
[22]. Immunohistochemical studies have shown the presence of MRP1, Pgp and LRP in normal bronchial epithelium [1, 17, 24]. MRP1 mRNA was
ﬁrst detected in small cell lung cancer (SCLC) and is highly expressed in
normal human lung [2, 8, 21]. Here, MRP1 expression may be pivotal in
the protection against oxidative stress generated by e.g. cigarette smoke
by exporting GSH-conjugates or substances in the presence of GSH out of
cells. Reduced GSH is one of the major antioxidants in the lung. It is present
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in high levels in each cell and in epithelial lining ﬂuid [12]. Beside its role
in MDR, lower MRP1 transcript levels were found to be associated with
more severe disease in cystic ﬁbrosis patients who have defective function
of the ABC transporter CFTR (cystic ﬁbrosis transmembrane conductance
regulator) [3].
In the present study we investigated whether altered expression of
MRP1 or other MDR-related proteins is associated with COPD. As a ﬁrst step
to elucidate this, the expression and localization of MRP1, P-gp and LRP in
bronchial epithelium was studied in COPD patients and healthy controls
using immunohistochemistry. We primarily analyzed the normal epithelium
component (basal, ciliated and goblet cells). In addition, the expression in
areas with squamous metaplasia was evaluated. Furthermore, we assessed
whether expression of these proteins was associated with disease status and
smoking history.

Methods
Patients and healthy controls
The characteristics of the participating COPD patients and healthy controls
of two study groups are listed in Table 1. In both studies, patients with
atopy, asthma and other pulmonary diseases were excluded. Classiﬁcation of
patients was deﬁned according to the global initiative for chronic obstructive
lung disease (GOLD) criteria [10]. The local medical ethics committee for
human studies approved the protocols. Informed written consent was
obtained from the participating subjects.
Study group one: COPD and healthy ex-smokers
Bronchial biopsies (frozen tissue) were collected from 26 individuals, who
were classiﬁed in two groups based on clinical data and smoking history
as described previously [15] (Table 1). In brief, this study consisted of 15
COPD patients (11 moderate and 4 severe COPD), and 11 healthy subjects
(no history of pulmonary disease and normal lung function) with similar
packyears. All had quitted smoking for at least one year (on average 14
years). Inhaled corticosteroids were discontinued at least one month prior
to the study and patients treated with oral corticosteroids or antibiotics or
having had a respiratory tract infection in the month prior to the study were
excluded.
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Study group two: mild to very severe COPD patients
Lung tissue (frozen tissue) was obtained from surgical procedures in 21
individuals as described previously [23]. In brief, patients were classiﬁed
in two groups primarily based on clinical data (lung function) which was
conﬁrmed by routine histological examination of lung tissue (Table 1). The
ﬁrst group (n=12) consisted of patients with severe and very severe COPD,
resected for unilateral or bilateral lung transplantation with severe airway
Chapter 3

obstruction (FEV1 10-45% predicted, FEV1/VC 14-56%). The second group
(n=9) comprised lung tissue obtained from patients with mild to moderate
COPD (FEV1 52-101% predicted, FEV1/VC 36-75%), undergoing therapeutic
partial resection, (bi)lobectomy or pneumonectomy for pulmonary carcinoma.
Lung tissue distant from the tumor (when possible from non-involved
lobes) was selected for our studies. Both groups comprised current- and exsmokers.
Immunohistochemistry
The anti-P-gp monoclonal antibody C219 was purchased from Alexis (San
Diego, CA) and used in the recommended dilution. All other monoclonal
antibodies used were produced by our group and immunohistochemical
methods were described earlier (R.J.S. and G.L.S.) [16, 20]. We used antibody
MRPr1 for MRP1, C219 for P-gp and LRP56 for LRP. For positive controls
normal human lung (MRP1, LRP) or liver (P-gp) were stained and for negative
controls irrelevant antibodies were used. All biopsies and lung tissues of each
study were stained in one procedure for the particular antigen.
Evaluation of immunohistochemistry on bronchial biopsies and lung
tissue
All proteins were scored for intensity of staining in bronchial epithelial cells
(i.e. basal, ciliated and goblet cells) with a semiquantitative score: 0 = no
staining; 1 = weak; 2 = moderate; 3 = strong. When squamous metaplasia
was present in a biopsy, evaluation of metaplasia staining was performed
separately from normal bronchial epithelium in the same biopsy. Groups
were compared both by including and excluding the scored values for the
metaplastic epithelium. Special attention was paid to cellular localization
of expression. Two observers (W.T. and M.D.) performed all evaluations of
bronchial biopsies and lung tissues individually, in a blinded fashion. Most
sections stained variable for MRP1, P-gp or LRP in epithelium and parts with
the most intense staining were evaluated for scoring.
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Table 1. Characteristics of study groups
Study 1
COPD

Study 2
Healthy

(moderate and severe)
Number of individuals
Gender (M/F)
Age (years ± SD)

COPD

COPD

(very severe and severe)

(mild and moderate)

15

11

12

9

11/4

8/3

5/7

7/2

64 ± 7

58 ± 8

48 ± 7

66 ± 7

Smoking (packyears ± SD)

34 ± 17

25 ± 15

23± 12

40 ± 10

FEV1 (% predicted ± SD)

58 ± 14

104 ± 11

20 ± 10

75 ± 18

49 ± 9

75 ± 4

25 ± 11

58 ± 13

FEV1/VC (% ± SD)

Mild, moderate, severe and very severe COPD defined by the Global Initiative for Chronic Obstructive Lung Disease [10]
FEV1 Forced expiratory volume in one second, VC vital capacity, SD standard deviation

Some biopsies and lung tissues had to be excluded for further
analysis because of limited quality of the tissue section, resulting in different
numbers of individuals per staining.
Statistical evaluation
Differences in intensity of expression in the immunohistochemical staining
between groups were analyzed using non-parametric Mann Whitney U tests
(two-tailed). Correlations between variables were evaluated with Spearman’s
rank correlation test (two-tailed). Values of p<0.05 were considered
statistically signiﬁcant. Statistical analyses were performed with SPSS 10
(SPSS Inc., Chicago).

Results
Study group one: COPD and healthy ex-smokers
MRP1 expression was lower in normal bronchial epithelium of COPD
patients (n=11) compared to healthy controls (n=8) (p=0.029; Figure 1). Pgp expression was very low to absent in both COPD patients and controls
and LRP expression was variable. P-gp as well as LRP expression in COPD
patients was not different from healthy controls (Fig 1B and C.).
MRP1 was mainly present in basal cell layers of normal bronchial
epithelium of both COPD patients and healthy controls. Representative
pictures of MRP1 staining in normal bronchial epithelium of a COPD patient
and a healthy control are shown in Figure 2A and 2B. P-gp was located
at the apical side of bronchial epithelium. LRP was usually present in the
58
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Figure 1. (A) MRP1 intensities in normal
bronchial epithelium of patients with COPD
and healthy controls. There was a lower
expression (p=0.029) in patients with COPD
(n=11) compared to healthy controls (n=8).
(B) Similar comparison for P-gp, and (C)
for LRP. P-gp expression is low or absent,
and both P-gp and LRP do not show any
difference between COPD and healthy
controls.

p = 0.029
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normal epithelium
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Figure 2. Immunohistochemical staining of MRP1, P-gp and LRP in bronchial biopsies or
lung tissue of COPD patients and healthy controls. Staining in bronchial biopsies of (A) MRP1
(weak expression) in normal epithelium of COPD patient (B) MRP1 (high expression) in normal
epithelium of healthy control (C) MRP1 (high expression) in metaplastic epithelium of COPD
patient. Representative staining of (D) MRP1 (E) P-gp and (F) LRP tissue in lung tissue of
COPD patients. (G) Negative control, employing non-relevant species (rat) and isotype matched
monoclonal antibody LMR42. (H) Positive control for MRP1 staining of GLC4/ADR small cell
carcinoma cell line.
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Figure 3. MRP1 intensities in lung tissue of patients with COPD. There was a lower expression
(p=0.047) in patients with severe and very severe COPD (n=10) compared to patients with mild
and moderate COPD (n=9).

cytoplasm of all epithelial layers. In general, areas with squamous metaplasia

stained moderately or strongly for MRP1 with the most intense staining in
suprabasal cells (Figure 2C), while P-gp staining was absent in these areas.
When intense MRP1 staining in metaplastic epithelium was included in the
analysis (metaplasia in COPD: 4 out of 11; metaplasia in controls: 3 out of 8),
MRP1 expression was still signiﬁcantly lower in the COPD group (p=0.038).
MRP1, P-gp and LRP expression was not related to lung function
parameters or number of packyears in the combined COPD and healthy
control group.
Study group two: mild to very severe COPD patients
MRP1 expression was lower in the group with (very) severe COPD (n=10)
compared to mild and moderate COPD (n=9) (p=0.047) (Figure 3). P-gp and
LRP expression was not different between groups.
MRP1 in the lower airways was mainly detected at the basolateral
membranes of bronchial epithelial cells, as it is in bronchial biopsies (Figure
2D). The strongest expression of P-gp was in the cilia (Figure 2E). LRP
staining was expressed in all epithelial layers with a very intense staining in
the cytoplasm of cells at the luminal side (Figure 2F). Metaplastic epithelium
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was not detected in these lower airways.
MRP1, P-gp and LRP expression was not related to lung function
parameters or number of packyears in the combined mild to very severe
COPD group.

Discussion
The present study describes for the ﬁrst time a diminished MRP1 expression
in bronchial epithelium of carefully characterized COPD patients with
moderate to severe disease (FEV1 ranging from 36 to 79% predicted)
compared to healthy controls, all ex-smokers with similar packyears of
cigarette smoking and duration of smoking cessation (study group one). A
similar observation was found in airway sections of patients with severe or
very severe COPD (FEV1 20±10% predicted) compared to patients with mild to
moderate COPD (FEV1 75±18% predicted) (study group two).
We detected a predominantly high MRP1 expression in squamous
metaplastic epithelium, especially in suprabasal cells. Exposure of bronchial
epithelium to cigarette smoke causes squamous metaplasia and therefore,
the higher expression of MRP1 as observed in metaplastic epithelium may
be a result of smoking and may have important clinical consequences in
oxidative defense. It might represent an ultimate attempt to resist the toxic
effect after repeated cigarette smoke exposure. In our study, the number of
packyears did not correlate with MRP1, P-gp and LRP expression in bronchial
epithelium, suggesting that the cumulative amount of cigarettes smoked does
not inﬂuence the diminished MRP1 expression in COPD.
MDR-related proteins such as MRP1 and P-gp are highly expressed
in normal human airways but the function of these proteins in the lung is
unknown [1, 5, 17, 22]. In a previous study, we observed high MRP1, Pgp and LRP expression and lower BCRP (breast cancer resistance protein)
expression in bronchial and bronchiolar epithelium of normal human and
murine lung [17]. MRP2, MRP3 and MDR3 P-gp were either undetectable
or were present in very low levels in these lung tissues. The normal
physiological role of MDR proteins is detoxiﬁcation of toxic substances in the
body. The high expression of MRP1, P-gp and LRP in the lung may therefore
indicate that these proteins play distinct roles in the protection against
inhaled toxic substances.
The MRP1 protein, together with GSH, can play an important role in
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the antioxidant defense of epithelial cells and in handling the redox status
of a cell. A recent study identiﬁed MRP1 dependent transport of a tobaccospeciﬁc carcinogen (NNAL-O-glucuronide) in the presence of GSH [6]. This
suggests that MRP1 plays an important role in protection against lung cancer
inducing agents as present in cigarette smoke.
At present it is unclear whether the lower expression level of MRP1 in
COPD is implied in a cause or effect relationship. The reduced expression of
MRP1 might be associated with increased vulnerability for COPD (“cause”), as
this lower MRP1 may result in impaired antioxidant defense and in impaired
clearance of xenobiotics such as cigarette smoke. Alternatively, MRP1 may be
downregulated concurrent with development of COPD (“effect”). Functional
studies of MRP1 in epithelial cells of COPD patients should shed further light
on the role of MRP1 in COPD pathogenesis.

Conclusions
MRP1 expression in bronchial biopsies of COPD patients was lower compared
to healthy controls. In addition, MRP1 expression was lower in patients with
(very) severe COPD compared to mild and moderate COPD. Our ﬁndings
indicate that diminished MRP1 expression in normal bronchial epithelium is
associated with COPD. The exact role in COPD pathogenesis is to be revealed
by further functional studies.
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