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ABSTRACT: Mucin staining can be used to evaluate secretory activity of human
airways. However, mucin epitopes may be masked by physicochemical properties of the
secretions. The aim of this investigation was to examine the effects of the calcium
chelator, ethyleneglycol-bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid (EGTA)
on the detection of M1/MUC5AC mucin in isolated human bronchial preparations.

Immunohistochemical investigation and immunoradiometric assays with anti-M1
monoclonal antibodies (Mabs) were used to detect M1/MUC5AC mucin derived from
bronchial preparations with an intact surface epithelium, or in tissues where the
epithelium had been removed (rubbed preparations).

The Mabs labelled both epithelial goblet cells and submucosal glandular cells in
EGTA (4 mM)-exposed bronchial preparations, while only goblet cells were stained
in EGTA (0.4 mM)-exposed tissues. The quantities of M1/MUC5AC mucin detected in
either the bronchial fluids derived from EGTA (4 mM)-exposed intact and rubbed
preparations or in bronchial fluids treated with EGTA (4 mM) were significantly
increased by two-fold when compared with untreated control values (pv0.001). In
addition, lactate dehydrogenase (LDH) activity and protein measurements were
unaltered during exposure of human airways to EGTA (4 mM) suggesting that this
treatment did not affect tissue viability.

These results provide evidence that ethyleneglycol-bis-(b-aminoethylether)-N, N, N9,
N9-tetraacetic acid (4 mM) facilitates the detection of M1/MUC5AC mucin by altering
the physicochemical properties of respiratory mucin, thereby exposing epitopes with
which anti-M1 monoclonal antibodies are reactive. This will allow more accurate
measurement of secretory activity in human airways in vitro.
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macology, Hôpital Marie Lannelongue,
133 Av de la Résistance, 92350 Le Plessis
Robinson, France.
Fax: 33 0146301208

Keywords: EGTA
glands
goblet cells
human airways
M1/MUC5AC mucin

Received: December 20 2000
Accepted after revision March 28 2001

In canine tracheal preparations, MARIN et al. [1]
demonstrated a marked reduction in sulphate uptake
when tissues were exposed to calcium depleted media.
However, these investigators reported that the release
of sulphate incorporated into mucin glycoprotein was
independent of calcium ions (Ca2z) in the media.
Other studies demonstrated that incubation of tra-
cheal cells in Ca2z-free media induced a time-
dependent increase in baseline release of mucin
glycoproteins [2, 3]. In addition, either an increase
or decrease of Ca2z concentrations in the media
augmented the secretion of mucins from isolated
chicken tracheae [4]. These data suggested that the
secretory activity of mucins from tracheal cells was
dependent on Ca2z. COLES et al. [5] suggested that
depletion of Ca2z by chelation with ethyleneglycol-
bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid
(EGTA) not only increased the quantities of glyco-
proteins released from canine airways, but also
modified the physical properties of the mucus released
from glandular cells by altering the solubility. Such

results were in accordance with previous reports
demonstrating that variations of Ca2z concentrations
or addition of cation chelators to media, induced
changes in the rheological and physical properties of
mucins [6 – 8]. In these latter studies, the secretion of
mucin from tracheae after EGTA exposure was moni-
tored by incorporation of radiolabels into secreting
cells, and little information concerning the nature of
the glycoproteins released was provided. M1/MUC5AC
mucins have been previously detected with an immu-
noradiometric assay (IRMA) using a mixture of eight
anti-M1 monoclonal antibodies (Mabs) [9, 10] speci-
fically raised against the peptidic core of M1 mucins
and having high affinity for an M1 mucin partially
encoded by the MUC5AC gene [11]. Recently, these
Mabs have also been used to evaluate secretory acti-
vity in human airways [12 – 14].

The aim of this study was to examine whether the
calcium chelator EGTA facilitated the detection of
M1/MUC5AC mucin in human airways. In addi-
tion, in order to preclude any effects of EGTA on the

Eur Respir J 2001; 18: 176–183
Printed in UK – all rights reserved

Copyright #ERS Journals Ltd 2001
European Respiratory Journal

ISSN 0903-1936



viability of human airways during the EGTA ex-
posure, a measure of lactate dehydrogenase (LDH)
and protein secretion was also performed.

Material and methods

Source of chemicals and material

Phosphate buffered saline (PBS) tablets, bovine
serum albumin (BSA), Tween 20, horseradish peroxi-
dase conjugated antimouse immunoglobulin-G (IgG),
and EGTA were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Pronase E was a product from
Calbiochem (France Biochem, France). Polystyrene
stars and tubes were obtained from Cis Bio Industrie
(Saint Quentin en Yvelines, France). The LSAB-2
kit for immunolabelling was obtained from Dako
Laboratories (Carpinteria, CA, USA). The LDH assay
was performed using Biotrol Diagnostic Societe Fran-
caise de Biologie Clinique (SFBC) kits (Chennevrières-
les-Louvres, France).

M1 mucin standard and monoclonal antibodies

M1 mucins isolated from an ovarian mucinous
cyst fluid were used as standard. Eight Mabs raised
against epitopes associated with the peptide core
of M1 mucins, permitted the detection of mucins
[9, 10]. These anti-M1 mucin Mabs are IgGl. Immuno-
histochemical analysis was performed using either the
1-13 M1 or 21 M1 Mabs alone, or a mixture of eight
anti-M1 mucin Mabs (PM8) which included both the
1-13 M1 and 21 M1 Mabs. IRMA experiments were
performed using the individual 21 M1 and PM8 Mabs.

Tissues

Human lung tissues were obtained from patients
who had undergone surgery for lung carcinoma.
Tissues were obtained from the resected lung at a
distance from the tumour area. Subsequently, the
bronchi (third to sixth generation bronchi) were
dissected free from the parenchyma tissue and
washed with a physiological Tyrode9s solution con-
taining: NaCl (139.2 mM), KCl (2.7 mM), CaCl2
(1.8 mM), MgCl2 (1.04 mM), NaHCO3 (11.9 mM),
NaH2PO4 (0.4 mM) and glucose (5.5 mM), pH 7.4.
Bronchial tissues were cut as rings (4 – 7 mm, internal
diameter and 100 – 225 mg, wet weight). Bronchial
preparations with or without surface epithelium were
examined. The surface epithelium was removed by
gently rubbing the luminal surface of the bronchial
rings with a moistened cotton swab.

Immunohistochemical analysis

Subsequent to a 60-min incubation in the absence
or presence of EGTA (0.4 or 4 mM), human bron-
chial rings were fixed in formalin for 12 h, dehydrated,
embedded in paraffin and sections (5 mm) were cut.

Tissue deparaffinized sections were rinsed in PBS
(10 mM, pH 7.4 containing Tween 20 (0.1%)). Sections
were then treated with pronase E (0.025%) in 0.05 M
Tris-HC1 buffer, pH 7.6 for 7 min at room tem-
perature to unmask the mucin epitopes [15]. After
several washes of sections in PBS-Tween 20 (0.1%),
endogenous peroxidases were eliminated with H2O2

(3%) in methanol for 5 min. Tissue sections were
incubated in PBS-Tween 20 (0.1%) containing BSA
(1%) for 5 min at room temperature and then
incubated with the 1-13 M1 and 21 M1 Mabs at the
final concentration of 10 mg?mL-1 in PBS-Tween 20
(0.1%). Sections from the same lung samples were also
incubated in the presence of PM8 Mabs in PBS-BSA
(1%) for 1 h. After several washes with PBS-Tween 20
(0.1%), tissue sections were incubated with horse-
radish peroxidase conjugated antimouse IgG diluted
at 1:50 in PBS for 1 h at room temperature. The
peroxidase activity was revealed using the diamino-
benzidine/H2O2 revelation system as described in the
LSAB-2 kit, in the dark for 10 min and tissues
sections were counter-stained (2 min) with Harris
haematoxylin.

Treatment of human bronchial preparations

Intact and rubbed human bronchial preparations
were set up in a microtitre plate (24 wells) containing
Tyrode9s solution (1 mL) and allowed to equilibrate
for 1 h at 37uC in a humidified incubator (5% carbon
dioxide (CO2)/air). At the end of this equilibration
period, the medium was exchanged and fresh Tyrode9s
solution previously warmed at 37uC was added for 1 h.
Bronchial fluids containing the human secretory
mucins (Period I; basal release) were collected.
Bronchial rings were then exposed to Tyrode9s solution
containing EGTA at either 0.4 mM or 4 mM (final
concentration). Following 1 h incubation of the human
preparations under these conditions, bronchial fluids
were collected (Period II; exposure). The bronchial
fluids from Period I and Period II were stored at -20uC
and analysed by IRMA.

Treatment of the bronchial fluids with ethyleneglycol-
bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid

Bronchial fluids (Period I and Period II) were
collected from control human bronchial preparations.
Fluids obtained from three preparations from each
lung sample at the Period II were thawed and
aliquoted. One sample was not treated and used as
control (Period II). The other aliquots were treated
with either EGTA at 0.4 mM or 4 mM (final
concentration) for 1 h at room temperature before
analysis by IRMA.

Immunoradiometric assay

A solid-phase double-antibody-sandwich IRMA
was used as previously described by BARA et al. [16].
Polystyrene stars were coated with the 1-13 M1 Mab
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(10 mg?mL-1 in 0.01 M PBS, pH 7.4) by incubating for
2 h at room temperature, rinsing three times with
PBS-Tween 20 (0.1%) and subsequently incubating in
PBS-BSA (1%) overnight at 37uC. After several
washings, stars were dried at 40uC and stored at 4uC
until used. The M1 mucin standard (10 mg?mL-1), as well
as human bronchial fluids were serially diluted in PBS-
Tween 20 (0.1%) and 300 mL of each dilution was added
to the 1-13 M1 Mab-coated stars and incubated over-
night at 37uC. Stars were then washed with PBS-Tween
20 (0.1%) and incubated with PM8 Mabs previously
radiolabelled with 125I (4 – 56105 cpm?mL-1) overnight
at 37uC. Subsequently, the stars were washed and the
radioactivity was measured on a gamma counter
(Wizard Model 147005 Evry, France). The concentra-
tion of mucin contained in the human bronchial fluids
were estimated from the IRMA standard curve obtained
with the M1 mucin standard. Mucin concentrations
were determined in bronchial fluids derived from six
lung samples.

Calculation

The concentration of M1/MUC5AC mucin detected
in the fluids derived from human bronchial prepara-
tions by the IRMA are expressed as mg of M1/
MUC5AC mucin?mL-1 and were estimated from the
ovarian cyst M1 mucin standard curves. All results are
presented as mean¡SEM. Statistical analyses were
performed using unpaired t-tests. A p-value of v0.05
was taken as an indication of significance.

Lactate dehydrogenase assay

The release of LDH into the Tyrode9s solution
bathing the bronchial preparations was assessed by
measurement of the variation of absorbance at
340 nm using the Biotrol LDH SFBC kit. Bronchial
fluids collected at Period I and Period II from control-
and EGTA-challenged bronchial preparations were
centrifuged at 3,0006g for 5 min. An aliquot of 10 ml
of the centrifuged bronchial fluids and fresh Tyrode9s
solution containing EGTA at 0.4 and 4 mM were
immediately added into the reaction mixture. Reac-
tions were maintained at 30uC and the absorbance was
read at 340 nm at 30 s, and then every minute for
2 min. All the values are expressed as Units?mL-1 and
are mean¡SEM of six bronchial fluids derived from
three human lung samples. Statistical analyses were
performed using unpaired t-tests.

Protein determination

Determination of total protein concentrations was
performed systematically on an aliquot (100 mL)
taken from human bronchial fluids collected from
control and EGTA (4 mM)-exposed bronchial pre-
parations. Total proteins were measured using the
procedure of LOWRY et al. [17] with BSA as standard.

Results

Immunohistochemistry

Although labelling of M1/MUC5AC mucin was
observed in the intracellular organelles of epithelial
goblet cells and the submucosal glandular cells with
the 1-13 M1 and PM8 Mabs (fig. 1) subsequent to a
60-min exposure of isolated human bronchial prepara-
tions to EGTA (4 mM), only the intracellular orga-
nelles of epithelial goblet cells were labelled with the 21
M1 Mab (fig. 1). The intracellular organelles of goblet
cells of the surface epithelium of control bronchial
preparations were stained with the PM8 Mabs (fig. 2).
In EGTA (0.4 mM)-exposed bronchial tissues, a
labelling of the M1/MUC5AC mucin present in the
intracellular organelles of goblet cells of the surface
epithelium was also detected with the 1-13 M1, 21 M1
and PM8 Mabs (fig. 2). In addition, M1/MUC5AC
mucin in contact with cilia at the surface epithelium
was stained with these Mabs in both control and
EGTA (0.4 or 4 mM)-exposed bronchial preparations
(figs. 1 and 2).

Exposure of human bronchial preparations with
an intact surface epithelium to ethyleneglycol-bis-
(b-aminoethylether)-N, N, N9, N9-tetraacetic acid

The basal release of M1/MUC5AC mucin from
control human bronchial preparations was
0.32¡0.07 mg?mL-1 (Period I, nine bronchial prepara-
tions from eight lungs; fig. 3). This value was not
significantly altered during the experimental protocol
under control conditions (Period II) and after a 60-min
exposure of bronchial preparations to EGTA
(0.4 mM; 0.53¡0.11 M1/MUC5AC mucin (mg?mL-1);
fig. 3). However, when tissues were exposed to a higher
concentration of EGTA (4 mM), the quantities of M1/
MUC5AC mucin detected in the bronchial fluids were
significantly increased (approximately two-fold;
0.82¡0.11 M1/MUC5AC mucin (mg?mL-1); fig. 3)
when data were compared with the amounts detected
in fluids derived from paired control preparations from
the same lungs (0.35¡0.10 M1/MUC5AC mucin
(mg?mL-1); fig. 3). Although the Tyrode9s solution
containing EGTA (4 mM) had a pH of 5.4, incubation
of bronchial preparations in Tyrode9s solution adjusted
to this acidic pH did not modify the quantities of M1/
MUC5AC mucin detected in fluids (data not shown).

Exposure of bronchial preparations without the surface
epithelium to ethyleneglycol-bis-(b-aminoethylether)-
N, N, N9, N9-tetraacetic acid

The quantities of mucin detected in fluids with the
PM8 Mabs were not significantly modified when
bronchial preparations, in which the surface epithe-
lium had been removed, were exposed to EGTA
(0.4 mM; 0.68¡0.24 M1/MUC5AC mucin (mg?mL-1);
fig. 4). However, a significant increase in the quan-
tities of mucin detected with the PM8 Mabs was
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observed in fluids collected from bronchial prepara-
tions without the surface epithelium, after a 60-min
exposure to EGTA (4 mM; 1.24¡0.17 M1/MUC5AC
mucin (mg?mL-1); fig. 4). When the 21 M1 Mab

was used to detect the mucin, no modification in the
quantities of M1/MUC5AC mucin was observed
between controls and EGTA (4 mM)-exposed bron-
chial preparations (fig. 4).

Fig. 1. – Immunohistochemical staining of sections from isolated human bronchial preparations with anti-M1 monoclonal antibodies
(Mabs) subsequent to ethyleneglycol-bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid (EGTA) (4 mM; 60 min) exposure. Labelling
of the intracellular organelles of epithelial goblet cells and submucosal glands was observed with the 1-13 M1 (A, B) and PM8 Mabs
(C, D). Intracellular organelles of goblet cells of the surface epithelium of bronchial preparations were stained with the 21 M1 Mab (E),
while no labelling of glands was detected with the 21 M1 Mab (F). Internal scale bars~80 mm (A, C, E) and 160 mm (B, D, F). L: lumen
of the airway; G1: glandular region; arrows: Mabs labelling and/or glands.

Fig. 2. – Immunohistochemical staining of sections from isolated human bronchial preparations with anti-M1 monoclonal antibodies
(Mabs) subsequent to ethyleneglycol-bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid (EGTA) (0.4 mM) exposure. Only intracellular
organelles of goblet cells of the surface epithelium of control bronchial preparations were stained with the PM8 Mabs (A). Similarly in
EGTA (0.4 mM)-exposed preparations, intracellular organelles of goblet cells were labelled with 1-13 M1 M1 (B), 21 M1 (C) and PM8
Mabs (D). Internal scale bars~160 mm. L: lumen of the airway; Gl: glandular region; arrows: Mabs labelling and/or glands.

179EGTA AND MUCIN DETECTION



Treatment of bronchial fluids with ethyleneglycol-bis-
(b-aminoethylether)-N, N, N9, N9-tetraacetic acid
4 mM

When fluids derived from intact control bronchial
preparations at Period II were treated with EGTA
(4 mM; 1.38¡0.23 M1/MUC5AC mucin (mg?mL-1);
fig. 5), these quantities of M1/MUC5AC mucin, when
detected with the PM8 Mabs, were significantly
increased compared with either the amounts deter-
mined in control bronchial fluids or in fluids treated
with EGTA (0.4 mM; 0.36¡0.04 Ml/MUC5AC
mucin (mg?mL-1); fig. 5). Furthermore, the quantities
of M1/MUC5AC mucin in EGTA (4 mM)-treated
bronchial fluids derived from preparations in which
the surface epithelium had been removed, were also
measured using the individual 21 M1 Mab. Under
these latter conditions, the M1/MUC5AC mucin
levels detected were similar (0.83¡0.23 mg?mL-1 and
0.73¡0.10 mg?mL-1, fluids from control, Period I, and
treated, Period II, respectively; n~4 lung samples).
When these latter values were compared with those of
the PM8 measurements, a ratio of y2:1 for the
detection of M1/MUC5AC was observed (1.38¡0.23
M1/MUC5AC mucin (mg?mL-1) versus 0.73¡0.10
M1/MUC5AC mucin (mg?mL-1), Period II; PM8 and
21 M1, respectively).

Lactate dehydrogenase and protein determination

LDH release was not significantly modified in
bronchial fluids derived from tissues exposed to
EGTA (4 mM) when results were compared with

values obtained in control preparations (table 1). In
addition, EGTA (4 mM) did not significantly alter the
quantities of protein released from bronchial prepara-
tions when results were compared with data from
paired control preparations (table 1).

Discussion

Exposure of isolated human airways with an intact
surface epithelium to the calcium chelator EGTA (0.4
and 4.0 mM), increased the immunohistochemical
tissue detection and the quantities of M1/MUC5AC
immunoreactivity in fluids obtained from human
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Fig. 3. – Detection of M1/MUC5AC mucin in bronchial fluids
derived from isolated human bronchial preparations by immuno-
radiometric assay using the pooled anti-M1 radiolabelled mono-
clonal antibodies (Mabs, PM8). Control preparations were
performed at Period I (basal release; nine preparations from eight
lung samples) and Period II (control; nine preparations from eight
lung samples). M1/MUC5AC mucin was determined in fluids after
exposure of bronchial preparations to ethyleneglycol-bis-(b-amino-
ethylether)-N, N, N9, N9-tetraacetic acid (EGTA) (0.4 mM; three
preparations from three lung samples) and EGTA (4 mM; 13 pre-
parations from nine lung samples) Data are presented as mean¡
SEM. ***: significant difference (pv0.001) from basal values
(Period I).
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Fig. 4. – a) Determination of the amounts of M1/MUC5AC
mucin in bronchial fluids derived from preparations in which the
surface epithelium had been removed by immunoradiometric
assay using the pooled PM8 radiolabelled monoclonal antibodies
(Mabs). Data are presented as mean¡SEM and were obtained
at Period I (basal release; five bronchial preparations from three
lung samples) and after exposure of preparations to ethyleneglycol-
bis-(b-aminoethylether)-N, N, N9, N9-tetraacetic acid (EGTA)
(0.4 mM; Period II; seven bronchial preparations from three lung
samples) and EGTA (4 mM; Period II; 7 bronchial preparations
from 3 lung samples). b) The quantities of M1/MUC5AC mucin
detected in fluids obtained at Period II from control (two bron-
chial preparations from two lung samples) and EGTA (4 mM)-
exposed bronchial preparations (two bronchial preparations from
two lung samples) and detected with the individual 21 M1 Mab.
***: significant difference (pv0.001) from basal values (Period I)
or paired controls (Period II (b)).
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bronchial preparations. In airway preparations, where
the surface epithelium has been removed, EGTA
(4 mM) exposure also induced an increase in the
detected quantities of M1/MUC5AC mucin. These
results suggest that M1/MU5CAC mucin may also be
present and secreted from the region of the submu-
cosal glands. In addition, EGTA (4 mM) treatment of
the bronchial fluids derived from control preparations
lead to an enhanced detection of M1/MUC5AC mucin
specifically with the pooled Mabs (PM8 Mabs). In
contrast, EGTA (4 mM) treatment of bronchial pre-
parations was not associated with the release of either
lactate LDH or protein. Together, these observations
suggest that EGTA may modify the physicochemical
properties of mucin by inducing conformational
changes in the mucin glycoprotein. Such a modification

unmasks other epitopes on respiratory mucin to which
the different anti-M1 Mabs are reactive, thereby
facilitating the detection of this glycoprotein in
human airways.

BARA et al. [9] reported immunohistochemical data
demonstrating that a variety of anti-M1 Mabs which
reacted with the gastric M1 mucin also labelled tissues
from the human respiratory tract. These investigators
demonstrated that individual 1-13 M1, 9-13 M1 and
58 M1 Mabs reacted with the epithelial surface of
human airway and also exhibited a faint labelling in
the submucosal glandular region. These initial obser-
vations were supported by recent studies, which
showed that goblet cells of the surface epithelium
were stained by the 1-13 M1 and 21 M1 Mabs in
unstimulated human bronchial preparations [12] as
well as in EGTA (0.4 mM)-exposed preparations
(present report). These latter results demonstrated
that the M1/MUC5AC mucin was principally detected
in the goblet cells of bronchial tissues and was not
derived from the submucosal glandular region, since
the 21 M1 Mab failed to label this area even after
EGTA treatment (figs. 1 and 2). These data are in
agreement with a previous report by LABAT et al. [12].
However, the present data also showed that in
bronchial preparations exposed to EGTA (4 mM),
mucin contained in the submucosal glands was stained
with the 1-13 M1 Mab and PM8 Mabs, suggesting
that EGTA exposure of tissues unmasked other
epitopes of mucin in the submucosal glands to which
anti-M1 Mabs are specifically reactive. However, in
EGTA (4 mM)-exposed bronchial tissues, glands were
not labelled with the individual 21 M1 Mab, while
staining was observed in the goblet cells (present
report). In contrast, M1/MUC5AC mucin was
detected by IRMA in bronchial fluids derived from
EGTA-exposed preparations, these latter results
suggest that there may be differences between the
two techniques for the detection of mucin. Several
possible explanations for these differences can be
proposed. Firstly, there may be a greater access to the
epitope for the 21 M1 Mab when the respiratory
mucins are in solution, whereas in labelling of tissues,
only a limited number of sites may be exposed.
However, a correlation between tissue fixation of
Mabs and the detection of mucins by IRMA has not
yet been established and further experiments are
required to examine why these differences for detec-
tion exist. Secondly, EGTA may interfere with the
enzymatic formation of mucin and thereby unmask
epitopes. The glycosylation of the M1/MUC5AC in
the submucosal glands may be different from that of
the epithelium and therefore, mask the 21 M1 epitope.
BARA et al. [18] have already shown such an occulting
phenomenon for the MUC-1 PDTRP epitope (main
epitope in the tandem repeat domain of the MUC-1
protein core) in the gastric mucosa.

COLES and coworkers [2, 5] previously demonstrated
that the baseline release of mucin glycoprotein from
canine tracheal explants or epithelial cells was
increased in the presence of EGTA and proportional
to the concentration of the chelator. These investiga-
tors [2] reported that removal of surface epithelium
from tracheal explants subsequent to exposure to
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Fig. 5. – The bronchial fluids derived from control preparations
were treated with ethyleneglycol-bis-(b-aminoethylether)-N, N, N9,
N9-tetraacetic acid (EGTA) (0.4 and 4 mM) and the amounts of
M1/MUC5AC mucin were determined by immunoradiometric
assay using the pooled PM8 monoclonal antibodies (Mabs). Data
are presented as mean¡SEM and were obtained at Period II
(untreated fluids; six bronchial preparations from three lung sam-
ples) and subsequent to treatment of bronchial fluids with EGTA
(0.4 mM; Period II, six bronchial preparations from three lung
samples) and EGTA (4 mM; Period II; 10 bronchial preparations
from six lung samples). ***: significant difference (pv0.001) from
basal values (Period I).

Table 1. – Detection of lactate dehydrogenase (LDH) and
protein release in bronchial fluids derived from isolated
human bronchial preparations.

Treatment LDH
Units?mL-1

Protein
mg?mL-1

Period I Control 369¡56 104¡15
Period II Control 252¡53 92¡15

EGTA (4 mM) 293¡65 112¡13

Values are presented as mean¡SEM of six bronchial pre-
parations from three lung samples. LDH and protein were
determined in bronchial fluids at Period I (basal release)
and Period II (60-min exposure to ethyleneglycol-bis-(b-
aminoethylester)-N, N, N9, N9-tetraacetic acid (EGTA);
4 mM).
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EGTA (4 mM) modified the secretory response,
suggesting that the enhanced release of mucins was
principally from the submucosal glands in Ca2z and
Mg2z-free media. In EGTA (4 mM)-exposed intact
bronchial tissues in the present report, approximately
a two-fold increase in detection above basal levels of
M1/MUC5AC mucin was observed. In addition, in
bronchial preparations devoid of a surface epithelium,
the EGTA (4 mM) treatment caused approximately a
six-fold increase above basal levels (Period II,
control). There was also a significant increase in the
amounts of M1/MUC5AC mucin detected in the
EGTA (4 mM)-treated bronchial fluids derived from
denuded bronchial preparations when compared with
controls. Together, these data support the notion that
M1/MUC5AC mucin was in part derived from the
submucosal glands under these experimental condi-
tions. A number of investigations [19 – 22] have
demonstrated that glands are generally associated
with MUC5B, whereas MUC5AC is found in the
goblet cells of the surface epithelium [12]. However,
AUDIE et al. [23] have shown that in the human lung,
the submucosal glands express the MUC5AC gene;
the results of EGTA treatment may provide an
interesting technique for unmasking the presence of
the MUC5AC mucin in human airways during
functional studies. Interestingly, LABAT et al. [12]
showed that detection of M1/MUC5AC mucin by
PM8 Mabs in bronchial tissues was y10-fold higher
than detection with the 21 M1 Mab. In contrast, the
ratio of M1/MUC5AC mucin detected by the
PM8 Mabs versus 21 M1 Mab in the present report,
was y2:1 following the EGTA treatment. This
observation indirectly supports the suggestion that a
conformational change in the respiratory mucin has
occurred, thereby exposing other epitopes to which
the Mabs are directed. These data support the
results of previous studies demonstrating that
EGTA caused marked dissociation of mucin com-
plexes with alteration in viscosity [7]. Since calcium
concentrations in secretions derived from patients
with cystic fibrosis have been reported to be elevated
[24], EGTA treatment of mucus from these subjects
may facilitate the solubilization and/or dilution
of such samples during clinical studies involving
biochemical analyses.

Previous studies [5, 25, 26] have reported that
epithelial exfoliation of airway preparations as a
consequence of incubation in Ca2z-free media con-
taining ion chelators, may be responsible for the
increased detection of glycoproteins. However, the
presented data suggest that this phenomenon may not
be involved since: 1) the optical microscopic observa-
tions of sections of EGTA (4 mM)-incubated tissues
did not reveal any damage to the epithelial or submu-
cosal layers; and 2) no increase in the release of either
LDH or protein was observed in the bronchial fluids
derived from EGTA-challenged bronchial prepara-
tions compared with controls.

In conclusion, the data reported in the present study
suggest that ethyleneglycol-bis-(b-aminoethylether)-
N, N, N9, N9-tetraacetic acid (4 mM) may un-
mask sites on respiratory mucin, thereby exposing
other epitopes with which the anti-M1 monoclonal

antibodies are reactive. These unmasked epitopes are
found on mucin which is derived from the bronchial
submucosal glands of human airways.
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