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ABSTRACT: MDR1 P-glycoprotein (Pgp 170), a member of the adenosine triphos-
phate (ATP) binding cassette transporters, acts as an efflux pump for various
hydrophobic agents, particularly for xenobiotics such as benzo(a)pyrene. It has
also been shown to regulate cell-volume activated chloride channels. Pgp 170 could,
therefore, be of particular importance in cellular mechanisms of defence in the
airways and in the control of mucus layer composition. For these reasons, we eval-
uated the precise localization of Pgp 170 in human adult airways.

Fresh non-neoplastic bronchial specimens were collected from 33 patients (26
smokers, four exsmokers and three nonsmokers) who underwent surgery for lung
carcinoma. The presence of MDR1 messenger ribonucleic acid (mRNA) was
demonstrated by reverse transcriptase chain reaction (RT-PCR) in bronchial epi-
thelial cells collected by gentle scraping from either smokers, exsmokers or non-
smokers. Immunodetection of Pgp 170 using a panel of monoclonal antibodies
(MRK16, JSB1, C219, C494) was performed either on cryostat or paraffin-embed-
ded sections of histologically normal bronchial tissue.

Pgp 170 was constantly detected with intense labelling at the apical surface of
ciliated epithelial cells from the surface epithelium or ciliated collecting ducts, and
on apical and lateral surfaces of serous cells from bronchial glands. No staining
of mucus-secreting cells was observed. Pgp 170 was also demonstrated at the lumi-
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nal surface of endothelial cells of bronchial capillaries.

In conclusion, the expression of MDR1 P-glycoprotein in bronchial structures,
particularly at the epithelial apical surface, suggests important roles for this trans-

membrane protein in human airways.
Eur Respir J 1997; 10: 1837-1843.

Transmembrane transporters, related to specific mem-
brane-associated proteins, serve a wide variety of cel-
lular roles, particularly concerning the interaction between
organisms and their environment. One of the families
of transmembrane transporters is characterized by a high-
ly conserved adenosine triphosphate (ATP) binding cas-
sette (ABC) and members of this family are, therefore,
referred to as ABC transporters [1-3]. The ABC trans-
membrane transporters are responsible for functions as
varied as chloride channel, xenobiotics and multidrug
cellular export, and glutathione S conjugate transport,
mainly via CFTR, MDR and MRP proteins respective-
ly [1-9].

MDRI1 P-glycoprotein (Pgp 170) was identified after
comparison of hydrophobic drug-sensitive and drug-res-
istant cell lines characterizing the multidrug-resistance
(MDR) phenotype. The genes coding for this protein have
therefore been identified as MDR genes [10-14]. Two iso-
forms of the P-glycoprotein were subsequently identi-
fied, coded in humans by the MDRI and MDR2/MDR3
genes [3, 15]. The MDR3 P-glycoprotein has been recently
shown to be involved in phospholipid transport [16] and is
expressed in human liver, but not in human lung [17].

MDRI1 Pgp 170 is a cell-membrane ATP-dependent
efflux pump with diverse substrate specificities, par-
ticularly for hydrophobic chemotherapeutic agents [2,
3, 10, 12]. It has also been shown that MDR1 Pgp 170
has a role in the regulation of cell volume activated
chloride channels [4]. MDR1 Pgp 170, expressed in nor-
mal tissues, has also recently been shown to actively
transport benzo(a)pyrene not only in MCF 7 breast can-
cer cell line in vitro, but also in apical membrane vesi-
cles obtained from normal human intestinal epithelium
[6, 71.

MDRI1 Pgp 170 appears to be a membrane-associated
protein with a wide range of physiological roles, par-
ticularly in cell defence mechanisms against environ-
mental attacks such as those generated by xenobiotics.
MDRI1 Pgp 170 could therefore be of particular physi-
ological importance in cellular mechanisms of defence
in airways and in the control of mucus layer composi-
tion. Previous succinct reports have indicated the pres-
ence of MDR1 Pgp 170 in normal human airways as
well as in many other normal tissues. However, the pre-
cise localization of expressing cells has not yet been
described [18-21].
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The present study, using both immunohistochemistry
detection of MDR1 Pgp 170 and reverse transcriptase
polymerase chain reaction (RT-PCR) to detect MDRI1
messenger ribonucleic acid (mRNA), was conducted to
precisely localize and evaluate MDRI gene expression
in human adult bronchus from smokers, exsmokers and
nonsmokers.

Materials and methods

Patients

Specimens from 33 patients from the Department of
Chest Medicine of Hopital Tenon who underwent surgery,
i.e. pneumonectomy or lobectomy for a primary non-
small cell pulmonary carcinoma (n=31) or pulmonary
metastasis (n=2), between September 1993 and August
1996 were included in the present study. The age of the
patients ranged 35-82 yrs (median 64 yrs). Twenty nine
patients were men and four were women. Twenty six
patients were heavy current smokers (i.e. more than 20
pack-years), four were exsmokers and three were non-
smokers. The four exsmokers had quit smoking 2-32
yrs before surgery (2, 7, 10 and 32 yrs); therefore, it
was decided to combine exsmokers and nonsmokers in
the same group. Eleven patients were randomly sel-
ected for immunohistochemical detection of MDR1 Pgp
170, and 22 for RT-PCR detection of MDR1 mRNA.
The patients had not received any chemotherapy regi-
men or long-term treatment with drugs such as col-
chicine or antibiotics before surgery.

Preparation of bronchial samples

Fresh bronchial samples were prepared within 1 h of
resection. Tumour and non-tumour samples were used
for routine pathological diagnosis. Histologically nor-
mal bronchial tissue specimens were either immediate-
ly mounted in water soluble embedding medium for
frozen tissue specimens (OCT; Ames Division, Miles,
Elkhart, IN, USA), frozen in liquid nitrogen and stored
at -70°C until used, or fixed in phosphate buffered
saline (PBS) (pH 7.4) containing 4% paraformaldehyde
(PFA) for 3—4 h, followed by washing in 15% sucrose-
PBS and snap-freezing. Additional samples were fixed
for 6 h in cold 80% ethanol and paraffin-embedded.

Isolation of bronchial respiratory epithelial cells

Bronchial epithelial cells were collected by gentle
scraping of the lumen of normal lobar or segmental
bronchi collected at thoracotomy in seven patients. The
quality of the samples was controlled by phase-contrast
microscopy and May Griinwald Giemsa (MGGQG) stain-
ing of a cytocentrifuge preparation of the cells collected.

Immunohistochemistry detection of MDR1 P-glycoprotein

Antibodies. Four anti-P-glycoprotein monoclonal anti-
bodies (MoAbs) were used for immunostaining: MRK16,
JSB1, C219 and C494. Three of these MoAbs have been
shown not to be exclusively specific for MDR1 Pgp
170, and it has been recommended that studies employ-

ing immunohistochemical techniques should use a panel
of antibodies that recognize at least two different epi-
topes of Pgp 170 to minimize false-positive results [22].
MRK16 (Valbiotech, Paris, France), an immunoglobu-
lin (Ig)G2a antibody, is specific for the class I isoform
(MDR1) of human P-glycoproteins. Its epitope is dis-
continuous and encompasses at least two (first and fourth)
of the six predicted extracellular peptide loops [23, 24].
Negative reactivity with MRK16 must be interpreted
cautiously, because the detection of its external epitope
requires non-paraffin-embedded frozen tissues [23, 24].
C219 (CIS Bio International, Gifsur-Yvette, France), an
IgG2a antibody, recognizes an intracytoplasmic epitope
found in all human P-glycoprotein isoforms [22, 25].
C494 (Signet Laboratories, Dedharn, MA, USA), an
IgG2a antibody, is directed against an internal epitope
different from C219, present in the human and hamster
class I isoform [26]. JSB1 (Tebu, Le Perray en Yvelines,
France) is an IgG1 antibody,

Immunohistochemistry procedure. Cryostat-cut tissue
sections (4 um thick) were used, placed on slides coat-
ed with 3-aminopropyltriethoxysilane (Sigma, St. Louis,
USA), air dried for 2 h, and unfixed or fixed for 10 min
with cold acetone. The sections were subsequently
rinsed in PBS, incubated with blocking serum (10% nor-
mal goat serum in PBS containing 3% bovine serum
albumin) for 20 min at 20°C, followed by incubation
overnight at 4°C with MRK16 (20 pg-mL-1), C219 (10
pg-mL-1), C494 (10 pg-mL-1) or JSB1 (1:10) diluted in
blocking serum. Biotinylated secondary antibody (Dako,
Glostrup, Denmark) was applied for 30 min, followed
by a streptavidin-biotin-conjugated alkaline phospha-
tase complex reagent (Dako) for 30 min at 20°C. After
each step, the sections were washed repeatedly with
PBS. Fast Red was used as chromogen. The sections were
then exposed to a substrate solution containing naph-
thol AS-MX phosphate, Fast Red TR and levamisole
(Dako) for 20 min.

Sections (4 pum thick) of paraffin-embedded bronchial
tissue were cut, placed on coated slides and incubated
overnight at 37°C. The sections were dewaxed with
xylene, and hydrated to water through a series of alco-
hol solutions. The streptavidin-biotin complex method,
used for frozen samples, was applied with the follow-
ing modifications: horseradish peroxidase-conjugated
steptavidin (Dako) was used instead of alkaline phos-
phatase-conjugated steptavidin; endogenous peroxidase
activity was blocked in 0.3% (v/v) hydrogen peroxide
in absolute methanol for 20 min; and sections were
exposed to a solution containing the diaminobenzidine
chromogen for 10 min.

Various negative controls were performed: substitu-
tion of the primary antibody by a murine antibody of
the same subtype, at the same protein concentration;
omitting either the primary antibody or the secondary
antibody. Samples of normal human colonic mucosa
were used as positive controls [27].

Detection of MDRI mRNA by RT-PCR

Bronchial epithelial cells collected by scraping were
pelleted by centrifugation (1,200 rpm for 20 min at,
+4°C). The cells were disrupted using RNAzol™ (Bio-
probes Systems, Montreuil sous Bois, France), and the
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total ribonucleic acid (RNA) was then extracted by add-
ing chloroform to the homogenate and precipitated by
isopropanol precipitation at -20°C. This method is derived
from that previously described by CHomszyNnskl and
Sacchi [28]. The total RNA was electrophoresed in 2%
agarose and the samples were checked to contain intact
28 S and 18 S ribosomal RNA. Total RNA was stored
at -80°C for up to 1 month.

The RT-PCR was performed with reverse transcrip-
tase from superscript II (Gibco-BRL, Les Ulis, France).
For reverse transcription, 2 pug of RNA was added to
10 pL 5x reverse transcriptase (RT) buffer (Gibco-
BRL), 5 pL of 5SmM deoxyribonucleoside triphosphates
(dNTPs) deoxyadenosine triphosphate (dATP), deoxy-
cytosine triphosphate (dCTP), deoxyguanosine triphos-
phate (dGTP), deoxythymidine triphosphate (dTTP))
(Boehringer Mannheim, France SA, Meylan, France),
0.5 pL 0.1 M dithiothreitol (DTT) (Gibco-BRL), 2.5 puL
random hexamer primers (Pharmacia, Biotech SA, Saint
Quentin en Yvelines, France) and 1 pL reverse transcrip-
tase 200 U.

Sterile water was added to a final volume of 50 pL
and reverse transcription was immediately started at 37°C
for 15 min.

For polymerase chain reaction (PCR), 5 pL aliquots
of resulting complementary deoxyribonucleic acid
(cDNA) were amplified in a 25 pL reaction volume con-
taining 2.5 pL of 5 mM dNTPs (dATP, dCTP, dGTP,
dTTP), 2.5 uL. 10x PCR buffer, 2.5 mM MgCl,, 0.1 U
Taq deoxyribonucleic acid (DNA) polymerase (ATGC;
Noisy le Grand, France) and 37.5 pM of both primers.

After denaturation at 95°C for 10 min, 35 cycles of
95°C for 60 s, 55°C for 60 s, and 72°C for 120 s were
performed in a thermal cycler (Thermoblock; Biometra-
trio, Kontron, Saint Quentin en Yvelines, France). Final
extension lasted 7 min.

PCR products were electrophoresed on a 2% agarose
gel. Two pairs of PCR primers were used according to
NooNaN et al. [29]: one pair hybridized to the MDRI1
cDNA (MDRI, sense primer: 5' CCC ATC ATT GCA
ATA GCA GG, residues 2596-2615; antisense primer:
3'GTT CAA ACT TCT GCT CCT GA, residues 2733-2752)
and the other to the human 3, microglobulin cDNA as
an endogenous control (sense primer: 5' ACC CCC
ACT GAA AAA GAT GA 3'; antisense primer: 5' ATC
TTC AAA CCT CCA TGA TG 3'). The size of the
amplified fragments was 167 bp for MDR1 and 114 bp
for B, microglobulin.

The primer branching sites of each primer pair were
selected on two different exons separated by one intron.
PCR products from DNA and RNA could therefore be
distinguished by size after gel electrophoresis. cDNA
from KB 3.1 and 8.5 cell lines were used as negative
and positive controls, respectively, for the detection of
MDRI1 mRNA, [29]. Negative control reactions were
also performed by omitting RNA or cDNA template.

Quantitative RT-PCR analysis was performed on photo-
graphs from ethidium bromide stained agarose gels,
scanned and analyzed with a computerized image analy-
sis system (Imaging Densitometer GS 670; Biorad, Ivry
sur Seine, France) [29]. For each of the 22 samples test-
ed, the MDR1 mRNA content of bronchial epithelial cells
was expressed as the ratio of MDR1 to [, microglobu-
lin amplified products.

Statistical analysis

Quantitive RT-PCR analysis results from the 22 sam-
ples collected from smokers and non- and exsmokers
were compared using the nonparametric Mann-Whitney
U-test; a p-value of less than 0.05 was considered sta-
tistically significant.

Results

Immunolocalization of MDRI Pgp 170

The distribution of MDR1 in the bronchus was sim-
ilar in all individuals studied. Immunostaining on frozen
sections was reproducible and reliable with the four
MoAbs. No complementary immunoreactivity was detect-
ed with C219, which recognizes MDR1 as well as
MDR2/MDR3 human P glycoproteins. The intensity of
immunoreactivity for each antibody varied according to
the fixation performed, or not performed, before freez-
ing the tissues. After incubation with JSB1, C219 and
C494, a strong staining was observed when samples
were primarily snap-frozen without prior fixation. In
contrast, the MRK16-reactive determinant was more
clearly detected in tissues primarily fixed with 4% PFA
before snap-freezing (figs. 1 and 2).

Specific immunoreactivity was lost after routine tis-
sue fixation and paraffin embedding, as already report-
ed [15]. Therefore, Pgp 170 detection was performed
on paraffin-embedded tissue sections after ethanol fixa-
tion. Demonstrative results were obtained only with C494
antibody, and the immunohistochemical signal corre-
lated with that obtained on frozen sections (figs. 1, 2).
In contrast, no staining was seen after incubation with
MRK16 and a diffuse staining with JSB1 and C219.

After incubation of cryostat sections secondarily ace-
tone-fixed with JSB1 and C219 antibodies, a marked
labelling was observed on the apical membrane of cil-
iated cells in 11 and 10 out of 11 samples, respectively.
Similar results were obtained on the sections of four of
these samples incubated with the C494 antibody. Un-
fortunately, glands and capillaries were badly preserved
by this processing and no clear observations were pos-
sible. After immunodetection of MDR1 Pgp 170 using
the C494 MoAb on tissue sections after paraffin embed-
ding, similar results were observed in the five samples
tested. Staining was observed at the apical part of cili-
ated epithelial cells either on the surface epithelium or
ciliated collecting ducts [30] (fig. 1).

Dense apico-lateral staining was observed in the acini
of serous glands (fig. 2). No staining was observed on
mucous cells from either the surface epithelium or glands.
The endothelial surface of the capillaries of the lamina
propria was heavily stained (fig. 2).

Similar results were obtained when using the MRK 16
monoclonal antibody on bronchial cryostat sections
from the samples PFA-fixed before deep freezing. As
shown on figures 1 and 2, intense labelling was ob-
served on the apical surface of all the ciliated cells of
the surface epithelium or ciliated ducts.

Staining was observed on the apical surface of serous
glands, but not on the mucous parts (fig. 2).
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Fig. 1. — Bronchial mucosa covered by a well-preserved ciliated
bronchial epithelium. Immunodetection of MDR1 P-glycoprotein
(Pgp 170) on: a, b) cryostat sections using MRK 16 monoclonal anti-
bodies (MoAbs); ¢) paraffin-embedded section using C494 MoAb.
Intense labelling of the apical surface of ciliated cells was observed
(—) with both antibodies (a—c). Bronchial capillaries were also labelled
with C494 (c). No staining was observed after incubation with non-
immune murine immunoglobulin G2a (d). Internal scale bars=20 pm.

Fig. 2. — Bronchial glands: a, b) immunodetection of MDR1 P-gly-
coprotein (Pgp 170) on cryostat using MRK16 monoclonal antibod-
ies (MoAb); or c) paraffin-embedded sections using C494 MoAb.
Intense labelling was observed at the luminal surface of ciliated cells
from collecting ducts (a), and on the apical and lateral faces of serous
cells (—); b, ¢) No staining was observed on mucus-secreting cells.
Bronchial capillaries were also intensely labelled (c). Internal scale
bars=20 pum.
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Intense labelling was observed in all bronchial capil-
lary endothelial cells of the lamina propria, regardless
of the antibody used. This labelling was observed at the
luminal surface of the endothelium (fig. 2).

Negative results were obtained when using non-immune
murine IgG instead of monoclonal antibody (fig. 1).
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Fig. 3. — Reverse transcriptase polymerase chain reaction (RT-PCR)
of MDR1 (a) and 3, microglobulin transcripts in normal bronchial
epithelial cells (lanes 4-9) collected by gentle scraping. Amplified
167 base pair (bp) MDRI (a) and 114 bp 3, microglobulin (b) tran-
scripts were separated on a 2% agarose gel and stained with ethidium
bromide. Controls were ribonucleic acid (RNA) template from KB 3.1
(lane 1) and KB 8.5 (lane 2) cells and omitting complementing
deoxyribonucleic acid (¢cDNA) template (lane 3), respectively. M: mol-
ecular weight markers.

000000002

e

= m—

Fig. 4. — Reverse transcriptase polymerase chain reaction (RT-PCR)
of MDRI1 (a) and (3, microglobulin (b) transcripts in bronchial epithe-
lial cells from exsmokers (lanes 4-6) and nonsmokers (lanes 7 and
8). Positive control was ribonucleic acid (RNA) template from KB
8.5 cells (lane 1). Negative controls were performed by omitting com-
plementing deoxyribonucleic acid (¢cDNA) (lane 2) or reverse tran-
scriptase (lane 3).
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Fig. 5. — Quantitative reverse transcriptase polymerase chain reac-

tion (RT-PCR) by densitometric evaluation of the MDR1 messenger
ribonucleic acid (mRNA) cell content compared to 3, microglobulin
(B,M) mRNA (@ smokers, m exsmokers and O nonsmokers). No sta-
tistically significant difference was observed (p=0.18; nonparametric
Mann-Whitney U-test). Horizontal bars represent mean values.

Detection of MDR1 mRNA by RT-PCR in bronchial
epithelial cells

All samples of bronchial respiratory epithelial cells
contained more than 97% epithelial cells. Epithelial
cells were viable as assessed by ciliary movement observed
on phase-contrast microscopy. Morphological evaluation
by light microscopy of May Griinwald Giemsa stained
cytospin preparations showed that cells were well pre-
served, predominantly ciliated, epithelial bronchial cells.

As illustrated on figures 3 and 4, after reverse tran-
scription and amplification with MDR1-specific prim-
ers, a 167 bp band was detected in 10 of the 11 samples
from smokers and in five of the seven samples from ex-
smokers (n=3 out of 4) and nonsmokers (n=2 out of 3).
A 114 bp band was observed in all the samples after
amplification using specific human f, microglobulin
primers. The densitometric evaluation of MDR1 mRNA
cell content is shown in figure 5. MDRI1 is expressed
in smokers as well as in exsmokers and nonsmokers.
However, no statistically significant difference was
observed (p=0.18, nonparametric Mann-Whitney U-test).

Discussion

The MDRI gene codes for a 170-180 kD plasma
membrane glycoprotein, the P-glycoprotein, a member
of a superfamily of highly conserved ABC transport
proteins. MDR1 cDNA encodes 1,280 amino acids with
the presence of 12 transmembrane domains in two
homologous halves each containing six transmembrane
regions and a large intracytoplasmic loop encoding an
ATP binding site [1, 2, 11, 12]. In humans, there are at
least two MDR genes, MDRI and MDR2/MDR3, shar-
ing extensive amino acid homology, but having differ-
ent functions [3, 15]. The two human P-glycoproteins
MDR1 and MDR2/MDR3, products of the human MDR]
and MDR2/MDR3 genes, have more than 75% homol-
ogy of their amino acid residues [15]. Some monoclonal
antibodies recognizing intracellular epitopes, such as
C494 or JSBI1, used for the immunodetection of MDR1
Pgp 170, therefore cross-react with the MDR2/MDR3
P-glycoprotein [3, 22]. In contrast, MRK16, an antibody
directed against MDRI1, that does not cross-react with
MDR2/MDR3, recognizes an extracellular domain of
the protein [23]. Furthermore, MRK16 does not cross-
react with other cellular components, in contrast to
C219 and JSB1 which have been shown to cross-react
with pyruvate carboxylase, a mitochondrial enzyme [26].
C219 also cross reacts with heavy chains of muscle
myosin [25]. Therefore, only the staining observed on
the cell membrane can be taken into account with the
majority of antibodies used for Pgp detection.

The immunohistochemical detection of P-glycopro-
tein and the detection of MDR1 mRNA clearly show
that the MDRI gene is expressed in human bronchial
structures analysed in the present study. After total RNA
extraction from surface epithelial cells obtained by gen-
tle scraping of the bronchial mucosa, MDR1 mRNA
was clearly detected in samples from smokers as well
as ex- or nonsmokers. In order to exclude false-positive
results by detection of MDR2/MDR3 mRNA, the primers
were chosen to prevent amplification of genomic DNA
sequences, and were selected so they would not ampli-
fy the MDR2/MDR3 sequence [29].
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After immunohistochemical detection using either C494
antibody on paraffin sections or MRK16 antibody on
cryostat sections, MDR1 Pgp 170 was detected on the lum-
inal surface of the bronchial epithelium, at the apical
membrane of ciliated, but not mucous, cells. Immuno-
detection of Pgp 170 after incubation with MRK 16 anti-
body was mentioned in bronchial structures by VAN DER
VaLK et al. [21], but negative results were reported by
two other groups [24, 25]. Such a discrepancy could be
explained, at least in part, by the great fragility of the
MKRI16 determinant imposing fixation prior to snap-
freezing. In bronchial glands, MDR1 Pgp 170 was also
detected at the apical surface of ciliated cells from the
glandular ciliated ducts and at the apicolateral faces of
serous acini.

The polarized localization of MDRI is in favour of
vectorial transport, as suggested for other tissues. MDR1
has been detected at the brush border of renal proximal
tubular epithelium and the luminal surface of entero-
cytes [18-21, 24]. The functions of MDR1 in normal
tissues are unclear, although its localization suggests a
secretory function in excretion of toxic and potentially
toxic substances, particularly lipophilic compounds. It
has recently been shown that apical membrane vesicles
from normal human intestinal epithelium, particularly
from colon, transport the carcinogen benzo(a)pryrene
[6,7]. One hypothesis could be that MDR1 at the bronchial
luminal surface contributes to cell defence mechanisms,
particularly against xenobiotics such as those contained
in tobacco smoke.

MDRI1 Pgp 170 is also expressed in bronchial capil-
lary cells. In brain and testis, MDR has been shown to
be part of the "blood-brain" and "blood-testis" perme-
ability barriers [25, 31, 32]. In previous reports [18],
after incubation with C219 antibody, little or no Pgp
170 was detected in human capillary endothelial cells
of lung and bronchi. In contrast, in the present study,
intense staining of the luminal face of endothelial cells
was observed, regardless of the antibody used. It can,
therefore, be hypothesized that MDR1 Pgp 170 could
be part of a "blood-bronchial" permeability barrier to
circulating substances.

It has not yet been determined whether the MDRI
gene is inducible or constitutional in normal bronchial
epithelium. It has been shown in the liver, that MDR
genes may be regulated in response to xenobiotics, includ-
ing chemical carcinogens known to modulate the activ-
ity of the cytochrome P450 system [33, 34]. It would
be useful to define the regulation of MDRI1 Pgp 170
expression in human bronchial epithelial cells, particu-
larly by tobacco smoke components, in order to evalu-
ate the capacity of these defence mechanisms to respond
to potentially carcinogenic inhaled xenobiotics. Different
levels of expression were observed between individuals
in the two groups evaluated, with a higher mean in the
smokers group, although with no statistically significant
difference.

MDRI1 Pgp 170 has been shown to regulate a vol-
ume-regulated chloride channel, which could be impor-
tant in cystic fibrosis [4, 5]. MDR1 Pgp 170 shares
homology with the cystic fibrosis transmembrane con-
ductance regulator (CFTR) protein) [1, 35]. Moreover,
in a study in the rat, it has been shown that the MDRI
and CFTR genes have complementary patterns of

epithelial expression in various tissues [36]. In humans,
it has been shown that submucosal glands are the pre-
dominant site of CFTR expression in the bronchus, par-
ticularly in the serous component of the secretory
tubules and in a subpopulation of cells in excretory
ducts [37]. In contrast, various studies have shown low
levels of CFTR mRNA and protein in cells of the sur-
face epithelium [38, 39]. However, in normal epitheli-
um, when using CFTR detection by immunochemistry,
the labelling was restricted to the surface apical com-
partment of the ciliated cells, like that observed for MDR1
Pgp 170 [39]. In glands, for MDR1 as for CFTR [40],
the proteins were immunodetected in serous but not in
mucous cells, although the labelling for MDR1 was less
intense than that observed in the surface epithelial cells.
These findings are in agreement with the suggestion that
serous cells are more important than mucous cells in
providing the fluid component of gland secretion [41].
The present study, therefore, strongly suggests that, in
human adult bronchus, MDR1 and CFTR are co-
expressed in ciliated epithelial cells and in glandular
cells. However, the intense labelling observed on
bronchial epithelial cells after incubation with the MRK 16
antiMDR 1 antibody is in favour of intense MDR1 expres-
sion compared to the results reported for the detection
of CFTR in ciliated cells.

In conclusion, MDR1 expression was detected in
bronchial epithelial cells from smokers as well as from
ex- and nonsmokers. The P-glycoprotein expression at
the apical surface of bronchial ciliated cells suggests
specific functions for this transmembrane protein local-
ized at the interface between epithelial cells and the
bronchial fluid. As these functions could be as varied
as epithelial cell defence towards benzo(a)pyrene or
modulation of a chloride channel, the regulation of the
MDRI gene expression in bronchial epithelial cells is
likely to be important in various conditions such as chron-
ic exposure to tobacco smoke, or cystic fibrosis.
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