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Secretory component production by human bronchial epithelial cells 
is upregulated by interferon gamma

V. Godding*+, Y. Sibille*+, P.P. Massion*+, M. Delos*, C. Sibille#, P. Thurion*+, D. Giffroy+,
A. Langendries+, J.P. Vaerman+

The respiratory tract in humans represents a large mu-
cosal area exposed to the environment. The secretory imm-
une system is the first, noninflammatory line of defence,
protecting the respiratory tract from viral and bacterial
infections. Secretory immunoglobulin A (S-IgA) is the
major immunoglobulin present in human airway secre-
tions [1]. The humoral secretory immune response depends
on interactions between the B-cell system for the produc-
tion of J-chain-containing polymeric IgA (pIgA) and the
mucosal epithelium for the epithelial expression of secre-
tory component (SC), respectively. SC is the soluble ext-
racellular domain of the polymeric Ig receptor (pIgR)
present on the basolateral surface of most epithelial cells.
The pIgA antibodies produced by plasma cells are trans-
ported into mucosal secretions by transcytosis through
epithelial cells [2, 3]. The pIgR at the basolateral pole of
the epithelium, with or without bound pIgA, is constituti-
vely endocytosed and transported by vesicles to the apical
pole, where pIgR vesicles fuse with the apical membrane.
A proteolytic cleavage then occurs between the extracellu-
lar and membrane domains of the pIgR, resulting in the
release of SC or S-IgA, a complex of mostly dimeric IgA
(dIgA), J-chain and SC [4, 5]. Immunohistology and imm-
unofluorescence studies have demonstrated the presence

of SC in bronchial epithelial cells and of IgA-containing
plasma cells in the bronchial mucosa [6]. Moreover, pIgA
and SC transcytosis have also been demonstrated by imm-
unoelectron microscopy of bronchial mucosa [7]. In human
pathology, decreased SC levels have been described in the
bronchoalveolar lavage (BAL) fluid of asthmatic patients
compared with normal controls [8]. Furthermore, a pro-
spective study in children suggested a relationship between
transient salivary IgA deficiency during the first year of
life and the later development of bronchial hyperreactivity
[9].

The production of SC by cultured human tracheal epi-
thelial cells has been demonstrated to be influenced by
cell polarization [10]. The influence of cell polarization on
SC production was further stressed by studies using neo-
plastic colonic cells, demonstrating an enhancing effect
of polarization on their in vitro SC production [11].
Cytokines such as interferon (IFN)-γ [12, 13], interleukin
(IL)-4 [13, 14], tumour necrosis factor-α (TNF-α) [15],
transforming growth factor-β (TGF-β) [16], and IL-1α
and IL-1β [17] have been shown to increase SC produc-
tion by intestinal epithelial cell lines.

The aim of this study was to investigate SC production
by human bronchial epithelial cells in primary culture.
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ABSTRACT: Secretory immunoglobulin A (S-IgA) participates in the first nonin-
flammatory line of defence of the respiratory tract. S-IgA consists of dimeric IgA
(dIgA) produced by plasma cells and secretory component (SC) produced by epithe-
lial cells.

This study compared SC production by primary cultures of human bronchial epi-
thelial cells (HBEC) and by respiratory epithelial cell lines.

Among the cell lines, A549 did not produce detectable SC, 16HBE produced very
low levels of SC, while CALU-3 produced significant levels of SC. HBEC produced
SC in nonpolarized and polarized primary cultures, where it was secreted apically.
Polarized HBEC transcytosed radiolabelled and cold dIgA, resulting in the presence
of S-IgA in their apical media. SC production and IgA transcytosis by polarized
HBEC were upregulated by interferon-γ (IFN-γ) after 48 h. By reverse transcription-
polymerase chain reaction, no SC messenger ribonucleic acid (mRNA) was detected
in A549 and 16HBE, while SC mRNA in CALU-3 was comparable to that of HBEC
incubated for 48 h with IFN-γ. By immunocytochemistry, HBEC expressed SC immu-
nostaining and its intensity increased after 48 h with IFN-γ.

It is concluded that human bronchial epithelial cells produce secretory component
and transcytose dimeric immunoglobulin A in vitro. These processes were apically
polarized and upregulated by interferon-γ. Among the cell lines studied, only CALU-
3 expressed secretory component-messenger ribonucleic acid and produced detecta-
ble secretory component.
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The SC production by human bronchial epithelial cells
(HBEC) was first evaluated and their SC production was
compared with that of respiratory epithelial cell lines. The
influence of cell polarization and IFN-γ on SC production
by confluent HBEC was further investigated at the protein
and the mRNA level. Finally, the constitutive pIgA tran-
scytosis by HBEC in the presence or absence of IFN-γ
was evaluated.

Materials and methods

Reagents

Rosswell Park Memorial Institute-1640 (RPMI) medium,
transferrin, epidermal growth factor, insulin, retinol acetate,
fibronectin, bovine serum albumin (BSA), pronase E, strep-
tavidin peroxidase, extravidin alkaline phosphatase, biotin
amidocaproate n-hydroxysuccinimide ester, paranitrophe-
nylphosphate, chloroform, isopropanol, formaldehyde 37%,
diethylpyrocarbonate,  3-(N-morpholino)propanesulfonic acid
and salmon sperm deoxyribonucleic acid (DNA) were ob-
tained from Sigma (St Louis, MO, USA). Eagle's minimal
essential medium (MEM), Hanks' balanced salt solution
with calcium and magnesium (HBSS), penicillin-strepto-
mycin-amphotericin B solution, gentamycin, foetal calf
serum (FCS), L-glutamine, trypsin ethylenediamine tetra-
acetic acid (EDTA), hydroxy-ethyl piperazine ethane sulf-
onate (HEPES), Hind III restriction enzyme, monophasic
solution of phenol and guanidine isothiocyanate (TRIzol
reagent) and agarose for RNA electrophoresis were purch-
ased from Gibco BRL (Grand Island, NY, USA). Acetone,
glycerol and o-phenylenediamine dihydrochloride (OPD)
were purchased from Merck (München, Germany). Colla-
gen (vitrogen) was purchased from Celtrix (Palo Alto, CA,
USA). 125I, 32P and radiolabelled nucleotides were ob-
tained from Amersham (Little Chalfont, UK). The ran-
dom primed DNA labelling kit was obtained from Boe-
hringer Mannheim (Germany).

Cytokines and antibodies

Recombinant human IFN-γ was obtained from Inno-
genetics (Antwerp, Belgium). Goat antihuman free SC anti-
serum and its affinity-purified antibodies were previously
produced in the laboratory [18]. Biotinylated affinity-puri-
fied rabbit antigoat IgG (H+L) antibodies were purchased
from Sigma. Affinity-purified goat antihuman SC anti-
bodies from the authors' laboratory were biotinylated by a
standard procedure [19]. Rabbit antihuman IgA antibodies
were prepared by affinity purification.

Monomeric, dimeric and polymeric human IgA were
purified from the serum of a myeloma patient, as des-
cribed previously [20]. Human free SC was affinity-puri-
fied from human milk by a method similar to that used to
purify rat free SC from rat milk or bile [21].

Respiratory epithelial cell culture

HBEC: study subjects. Tumour-free segments of human
bronchial tubes were removed from surgical specimens

obtained from patients with resectable lung cancer. Cells
derived from 28 patients were studied, including 23 male
donors aged 66.2±10 yrs (mean±SD) and five female donors
aged 58.6±6.6 yrs. None of these patients had received
radiotherapy or chemotherapy prior to surgery. The proto-
col was approved by the Ethics Committee of the Cliniques
Universitaires de Mont-Godinne. Each separate experi-
ment was conducted with the cells isolated from one
donor.

HBEC: isolation and culture in 96-well plates. Tumour-
free segments of bronchial tubes were immediately re-
moved from the surgical specimen and placed in cold
RPMI containing 200 U·mL-1 penicillin, 200 µg·mL-1 strep-
tomycin, 2.5 µg·mL-1 amphotericin B, 50 µg·mL-1 gen-
tamycin and 2 mM HEPES. The specimens were kept at
4°C and transferred to the cell-culture laboratory within
24 h. The bronchial fragments were then carefully dis-
sected from the lung parenchyma and rinsed with HBSS
containing 200 U·mL-1 penicillin, 0.2 mg·mL-1 streptomy-
cin, 2.5 µg·mL-1 amphotericin B, 50 µg·mL-1 gentamycin
and 2 mM HEPES at room temperature. After overnight
enzymatic digestion at 4°C in RPMI with HEPES and
antibiotics containing 0.05% pronase E, HBEC were de-
tached by vigorous shaking, washed by centrifugation at
123 g for 10 min at room temperature, once in 10% FCS
to stop the enzymatic digestion and then twice in the same
medium without FCS. HBEC were then counted (Coul-
ter counter, Harpenden, UK). HBEC were resuspended in
RPMI containing 1 µg·mL-1 insulin, 1 µg·mL-1 transferrin,
10 ng·mL-1 vitamin A, 10 ng·mL-1 epidermal growth factor,
2 mM L-glutamine, 200 U·mL-1 penicillin, 0.2 mg·mL-1

streptomycin, 2.5 µg·mL-1 amphotericin B and 50 µg·mL-1

gentamycin [22], hereafter referred to as defined medium.
Cell density was adjusted to 1×106 cells· mL-1. HBEC were
seeded at 1×105 cells per well into 96-well sterile tissue
culture plates (Falcon; Becton-Dickinson, Franklin Lakes,
NJ, USA) precoated for 2 h at room temperature with
RPMI with antibiotics containing 2.9 µg·mL-1 vitrogen, 10
µg·mL-1 fibronectin and 100 µg·mL-1 BSA (coating solu-
tion). The cell cultures were incubated at 37°C in humidi-
fied atmosphere with 5% CO2. Nonadherent cells were
removed by gentle washing with defined medium after 24
h. Confluence was determined by daily inverted micro-
scopic examination. In eight distinct experiments, HBEC
from eight different donors were cultured to confluence.
HBEC were then further cultured for 72 h with either con-
trol defined medium or defined medium containing 100
U·mL-1 IFN-γ. Media were collected and replaced every 24
h and stored at -20°C. HBEC were detached at 72 h after
confluence with trypsin-EDTA and cell number and via-
bility were again determined. Results, adjusted to 105 cells
as determined at 72 h, are expressed as SC concentrations
in ng·mL-1.

HBEC: culture on permeable filter inserts. HBEC isolated
as above were seeded at a density of 1–2×106 cells·mL-1 on
transparent insert-type filters (0.4 µm) for 24-well tissue
culture plates (Falcon) coated with the same coating solu-
tion. The volume of media used was 500 µL in both upper
and lower compartments. The double compartment fil-
ter insert system was used to allow epithelial cell polariza-
tion [23]. In this system, once the HBEC monolayer is
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confluent, the apical and basal compartments no longer
directly communicate via the filter pores, allowing selec-
tive access to secretion products at the apical and basola-
teral poles of the cell monolayer. Cell confluence was
determined by both microscopic examination and meas-
urement of the transepithelial electrical resistance using a
specific device (Millicell ERS, Millipore, Bedford, MA,
USA). Four experiments on permeable filters were con-
ducted under the conditions described, using HBEC from
four different donors. Confluence was reached after 5±1
days, as determined by microscopic examination and an
electrical resistance of the HBEC monolayer >600 Ω·cm2.
HBEC were then further cultured for 72 h with either con-
trol defined medium in both compartments, or defined
medium containing 100 U·mL-1 IFN-γ in their apical com-
partment, and defined medium in the basolateral compart-
ment. Basal and apical media were collected separately
and replaced every 24 h. HBEC were detached at 72 h
after confluence with trypsin-EDTA and cell number and
viability were again determined. Results are expressed as
SC concentrations in ng·mL-1 and adjusted to 105 cells as
determined at 72 h after confluence.

Cell culture for immunocytochemistry

HBEC were seeded at 1×106 cells·mL-1 on sterile 8
chamber glass slides (Lab-Tek, Nunc, Naperville, IL,
USA) coated with the same coating solution. Confluence
was reached after 72 h. HBEC were incubated for 48 h in
defined medium with or without (control) 100 U·mL-1

IFN-γ. The media were then collected and the disposable
plastic wells removed. The cells was fixed in acetone at
4°C.

Cultures of human respiratory epithelial cell lines

Various human respiratory epithelial cell lines were
selected to investigate their production of SC. A549, an
im-mortalized alveolar type 2 epithelial cell line and
CALU-3, an immortalized adenocarcinoma epithelial cell
line derived from human lung adenocarcinoma, were pur-
chas-ed from American Type Culture Collection (ATCC,
Rock-ville, MD, USA). 16HBE, a bronchial epithelial cell
line, was a generous gift from D. Gruenert. A549 and
16HBE cell lines were cultured in 150 cm2 flasks in MEM
containing 10% FCS, 2 mM L-glutamine, 100 U·mL-1 pen-
icillin, 0.1 mg·mL-1 streptomycin and 2.5 µg·mL-1 ampho-
tericin B. The CALU-3 cell-line was cultured in MEM
containing 10% FCS, 100 U·mL-1 penicillin, 0.1 mg·mL-1

streptomycin, 2.5 µg·mL-1 amphotericin B and 1% sodium
pyruvate. The tissue culture flasks were coated with coat-
ing solution for all cell lines but A549. Media were col-
lected every 24 h for 96 h after confluence and stored at -
20°C. At 96 h the cells were detached with trypsin-EDTA
and cell counts determined as above.

ELISA for SC and S-IgA

Free SC was measured in culture media using an
enzyme-linked immunosorbent assay (ELISA). In brief,

96-well plates were coated overnight with goat anti-human
free SC affinity purified antibody (1 µg·mL-1) and washed
with phosphate-buffered saline (PBS)-Tween 0.1%. An
overcoating was then added for 45 min using PBS-4%
milk (Fat free powdered milk, Carnation; Nestlé, Vevey,
Switzerland). After three washings with PBS-Tween, 100
µL cell media was added to the wells for 2 h incubation at
37°C. After further washings, the same biotinylated goat
antihuman SC IgG was added for 2 h at 37°C, as a sec-
ondary antibody. The wells were then washed three times
using 0.01 M Tris-HCl, pH 7.5, with 130 mM NaCl and
0.1% Tween. Then, 100 µL extravidine-conjugated alka-
line phosphatase (1:20,000 in the same buffer) was added
for 30 min at 37°C. After five washings with the same
buffer, 100 µL of paranitrophenylphosphate (1 mg·mL-1 in
10% diethanolamine, pH 9.8, with 0.5 mM MgCl2 and
0.2% NaN3) was added as the substrate. After 40 min at
37°C, the reaction was stopped by adding 100 µL·well-1

3M NaOH. The plates were read at 492 nm on a Titertek
Multiscan Plus MKII (Flow Labs, Brussels, Belgium).
Each sample was measured in duplicate and differences
between duplicates never reached 10%. Duplicate standard
curves using known concentrations of purified human free
SC (from 0.4–50 ng·mL-1) were included on each plate.
The sensitivity of the method was 0.5 ng·mL-1.

For S-IgA, 96-well plates were coated with rabbit anti-
human IgA antibody (1 µg·mL-1) and washed with PBS-
Tween. After overcoating at 37°C for 45 min with PBS-4%
milk (three washes), 100 µL cell media were added to the
wells for 2 h incubation at 37°C. After further washings,
the biotinylated affinity-purified goat antihuman SC anti-
body was then added for 2 h at 37°C, as a secondary anti-
body at 0.5 µg·mL-1. The assay was then performed as
described for SC. Duplicate standard curves consisted of
several dilutions of dimeric S-IgA isolated from human
milk (from 0.8–100 ng·mL-1) [18].

Immunocytochemistry

Indirect immunostaining of acetone-fixed HBEC was
performed using goat antihuman SC antiserum (1:500) for
overnight incubation at 4°C. Control cells included stain-
ing with 1% BSA in 0.01 M Tris-HCl buffered saline, pH
7.4. The secondary antibody, a biotinylated rabbit antigoat
IgG, was used at 1:500 for 30 min at room temperature.
After washing once with Tris-buffered saline, the reaction
was amplified with streptavidin-peroxidase conjugate (1:
500) for 30 min at room temperature. After further wash-
ings, the reaction was revealed by adding 0.6 mg·mL-1

diaminobenzidine in Tris (9.7 mg·mL-1) and Trizma®-HCl
(6.69 mg·mL-1) containing 10 µL·mL-1 concentrated pure
H2O2 for 10 min at room temperature.

In three experiments, mouse IgG2a monoclonal anti-
body anticytokeratins 8 and 18 (reaching both cytokeratins
by the same epitope) (clone CAM 5.2, Becton Dickinson)
was used to establish the epithelial nature of the HBEC.
The antibody was used at a 1:10 dilution for an overnight
incubation at 4°C. The secondary antibody was biotiny-
lated rabbit anti-mouse IgG (Prosan, Ghent, Belgium). The
reaction was amplified and revealed as described above.
An irrelevant mouse IgG2a (Prosan) monoclonal antibody
was used as the isotype control.
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Transcytosis experiments using labelled and cold pIgA

Transcytosis experiments used 125I-radiolabelled dIgA.
In brief, 100 µL dIgA (1 mg·mL-1 in 0.15 M Na phosphate
buffer, pH 7.4) was added to 0.5 mCi Na-125I (carrier and
reducing agent free; Amersham) diluted in 100 µL of the
same buffer. Then, 40 µL fresh chloramine T (1 mg·mL-1

in water) was admixed by stirring for 15 s at room temper-
ature. The labelling reaction was stopped by the addition
of 100 µL fresh sodium metabisulfite (1 mg·mL-1). The
radiolabelled protein was then separated from free iodide
by passage on a 0.8×5 cm column of Dowex®-AG1 X8
(200–400 mesh; BioRad, Richmond, CA, USA) equili-
brated with 0.5% BSA in PBS. The column was then elu-
ted with the same buffer and the 125I-dIgA was collected in
a total of 3 mL PBS-BSA. In all experiments the percent-
age of 10% trichloroacetic acid (TCA)-precipitable radio-
labelled IgA was higher than 95%. Specific activity ranged
from 303,000–4,929,000 counts per minute (cpm)·µg-1

125I-dIgA.
For transcytosis experiments, HBEC were grown to

confluence on coated 24-well inserts as described previ-
ously. After confluence, 125I-dIgA at a concentration of 8
µg·mL-1 was added to the basolateral compartment of the
HBEC monolayer. A control insert, included in all experi-
ments, received the same concentration of radiolabelled di-
meric IgA together with 4.2 mg·mL-1 cold pIgA from the
same myeloma (mostly dimers (>70%) and higher poly-
mers, but <5% monomers). Apical media were collected
and replaced every 24 h for 3 days, and TCA-precipitable
counts measured in an automatic gamma counting system
MR480 (Kontron). Cumulative results are expressed as ng
125I-dIgA·mL-1.

Isolation of mRNA from HBEC and cell lines

HBEC isolated as described above were grown to con-
fluence on one sterile tissue culture Petri dish (surface area
58 cm2; Greiner, Frickenhausen, Germany) coated with
coating solution. Confluence was reached after 4 days.
HBEC were then further cultured in defined medium with
100 U·mL-1 IFN-γ for 48 h. The media were collected and
the cells were incubated at room temperature for 5 min
with 5 mL·dish-1 of TRIzol reagent according to the manu-
facturers' instructions. Then 1 mL chloroform was admixed
to the cell-TRIzol preparation for 3 min at room tempera-
ture. The preparation was collected and centrifuged at
12,000 g for 15 min at 4°C. The RNA-containing superna-
tant was carefully collected; RNA was precipitated by ad-
dition of isopropanol (50% of the initial TRIzol volume).
After 10 min of incubation at room temperature, the RNA
precipitate was centrifuged at 12,000 g for 10 min at 4°C.
After discarding the supernatant, the RNA pellet was
washed twice with 70% ethanol in sterile water, dried and
redissolved in sterile water.

Reverse transcription 

Reverse transcription was performed according to the
method described by FINKBEINER et al. [24], but using 10 µg
total RNA from each extract instead of 1–2 µg.

Polymerase chain reaction

For each polymerase chain reaction (PCR) mixture, 3
µL of the reverse transcription (RT) products preheated at
95°C for 3 min were mixed to 0.25 µL Taq DNA polymer-
ase (5 U·mL-1), 1 µL dNTP (10 nM), 5 µL 10× PCR buff-
er (100 mM Tris-HCl, pH 8.3, 500 mM KCl, 15 mM
MgCl2), 38.75 µL deionized water and 1 µL each of the 5'
and 3' oligonucleotide primers (1 mg·mL-1) (Eurogentec,
Sart Tilman, Belgium). The DNA was amplified in a three-
temperature programmable thermocycler (Perkin-Elmer
Cetus, Emeryville, CA, USA). SC-DNA oligonucleotide
sequencing, denaturating, annealing and extension condi-
tions were as described by FINKBEINER et al. [24]. Amplifica-
tion products were separated by electrophoresis (100 V
constant-voltage field) on a 2% agarose gel (BioRad).

Statistical methods

Data are expressed as mean±SD. Statistical analysis of
the data included an overall analysis of variance (ANOVA)
followed by paired t-tests, using Statview (Abacus soft-
ware for Macintosh). A probability value of <0.05 was
considered significant.

Results

SC production by respiratory epithelial cell lines

No measurable SC level was found in the medium of
A549 cells at 24, 48, 72 and 96 h after reaching conflu-
ence even after 10× concentration. However, detectable
but very low levels of SC were found in 16HBE culture
media after 10× concentration at 48 h. The third cell line,
CALU-3, was used as a positive control. Significant pro-
duction of SC by CALU-3 cells was confirmed (table 1).

SC production by nonpolarized HBEC in primary cul-
tures: IFN-γ upregulation

No significant difference in SC production between
control and IFN-γ incubated HBEC was found after 24 h
(3.6±4.5 versus 4.5±4.7 ng·mL-1 per 105 cells, nonsignifi-
cant (NS)) (fig. 1). After 48 h, however, there was a signifi-
cant increase in SC production by IFN-γ treated HBEC
compared with control HBEC (8.9±7.1 versus 4.5±4.1
ng·mL-1 per 105 cells, p<0.01). This increased SC produc-
tion by IFN-γ treated cells persisted after 72 h (13.0±6.8
versus 5.7±3.7 ng·mL-1 per 105 cells, p<0.01). No signifi-
cant difference was found in SC production by control
HBEC after 24, 48 and 72 h without IFN-γ.

Table 1.  –  Secretory component production by confluent
nonpolarized A549, 16HBE and CALU-3 at 24, 48, 72
and 96 h and HBEC (n=10) at 24, 48 and 72 h

Cells /105 Time  h
24 48 72 96

A549  ng·mL-1

16HBE  ng·mL-1

CALU-3  ng·mL-1

HBEC  ng·mL-1

<0.005
<0.01
12.4
3.5±4.1

<0.005
0.05

12.4
4.2±4.0

<0.005
<0.01
10.9
4.7±3.9

<0.005
<0.01
12.4

HBEC: human bronchial epithelial cells.
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Apical SC production by polarized HBEC in primary cul-
tures

At 24, 48 and 72 h, SC concentrations were signifi-
cantly higher in the media collected at the apical pole of
the control and IFN-γ-treated cells than in the media from
the basolateral compartment (p<0.01) (fig. 2).

After 24 h, apical SC production by control HBEC was
not significantly different from that by HBEC incubated
with 100 U·mL-1 IFN-γ (2.4±1.0 versus 4.1±1.7 ng·mL-1,
NS). After 48 h, apical media collected from HBEC incu-
bated with IFN-γ contained higher concentrations of SC
than apical media from control HBEC (12.7±5.4 versus
4.2±1.0 ng·mL-1 per 105 cells, p<0.04). After 72 h apical
media collected from IFN-γ stimulated HBEC contained
significantly higher concentrations of SC than did apical
media from control HBEC (11.1±2.3 versus 3.2±0.3

ng·mL-1 per 105 cells, p<0.02). No significant difference
was found in the low SC levels of the basolateral media
from control and IFN-γ treated cells (fig. 2).

In three distinct experiments, HBEC were first cultured
on Petri dishes coated with coating solution, then detach-
ed by trypsinization and further cultured on 0.4 µm coated

Fig. 1.  –  Secretory component (SC) production by human bronch-
ial epithelial cells in nonpolarized primary culture, at 24, 48 and 72 h
after confluence, in the presence  (        ) or absence (         ) of interferon-
γ 100 U·mL-1 (n=8). Results are expressed in ng SC·mL-1 per 105 cells.
**: p<0.01.

** **

24 48 72
Time  h

0

10

20
SC

  n
g·

m
L-

1

Fig. 2.  –  Secretory component (SC) production by human bronchial
epithelial cells in polarized primary culture, at 24, 48 and 72 h after con-
fluence, in the presence or absence of interferon-γ (IFN-γ) (100 U·mL-1)
in the apical media (n=4). SC concentrations were measured in the
apical and basolateral media.        : control apical;        : control basola-
teral;        : IFN apical;        : IFN basolateral. In control and IFN-γ con-
ditions, SC concentrations were significantly higher in the apical than in
the basolateral media (p<0.01). +: p<0.04; **: p<0.01.
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Fig. 3.  –  a) Confluent primary culture of human bronchial epithelial
cells (HBEC) on a glass slide. Indirect immunoperoxidase secretory
component (SC) staining in nonstimulated HBEC. b) Negative control
for SC immunostaining using bovine serum albumin instead of antiSC
as the primary antibody. c) Immunoperoxidase SC staining in HBEC
incubated for 48 h with interferon-γ (100 U·mL-1). (Internal scale bars=
25 µm).

a)

b)

c)
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inserts. Confluence on the inserts was reached after a
mean 6 days of culture. In these conditions after one pas-
sage, HBEC produced lower concentrations of SC in the
insert media than when directly seeded on inserts (data
not shown).

Immunocytochemistry

In five experiments, cultured HBEC were constitutively
mildly to moderately immunostained for SC, although a
few cells were not. Small groups of cells showed strong-
er SC immunostaining, suggesting higher SC production.
Controls with BSA instead of anti-SC antibody showed
no SC staining (fig. 3a and b).

In three of these five experiments, after incubation with
IFN-γ (100 U·mL-1) for 48 h, HBEC demonstrated an in-
creased intensity of SC immunostaining, with an increased
number of cells exhibiting high-intensity immunostaining
(fig. 3c).

In three further experiments, the epithelial nature of the
majority of the confluent HBEC was proven by their
staining by anticytokeratin 8 and 18 monoclonal antibody.
HBEC showed no staining when using the IgG2a isotype
control antibody (fig. 4a and b).

Transcytosis of cold and 125I-labelled dIgA

In five separate experiments, significant 125I-dIgA conc-
entrations were found in the apical medium of experimental
wells at 24 h (2.5±1.0 ng·mL-1 125I-dIgA). The 125I-dIgA
concentration increased over time at 48 h (4.2±1.5 ng·mL-1

125I-dIgA, p<0.03) and at 72 h (8.4±2.0 ng·mL-1 125I-dIgA,
p<0.03). 125I-dIgA concentrations in apical medium of con-
trol wells with cold pIgA in excess were significantly lower
(0.2±0.1 ng·mL-1 125I-dIgA at 24 h, 0.8±0.4 ng·mL-1 125I-
dIgA at 48 h and 1.2±0.4 ng·mL-1 125I-dIgA at 72 h,
p<0.05) (fig. 5a).

In four of these five experiments, 125I-dIgA transcytosis
was compared by HBEC incubated with and without (con-
trol) IFN-γ 100 U·mL-1. At 48 h, HBEC incubated with
IFN-γ transported higher concentrations of 125I-dIgA in
their apical medium than HBEC without IFN-γ (7.54±2.4

a)

b)

Fig. 4.  –  a) Confluent primary culture of human bronchial epithelial
cells (HBEC) on glass slide stained with monoclonal anticytokeratin 8
and 18 antibody to confirm their epithelial nature. b) Negative control
of cytokeratin immunostaining using an irrelevant immunoglobulin G2a
monoclonal antibody as an isotype control. (Internal scale bars=25 µm).

Fig. 5.  –  a) Transcytosis of 125I-dimeric immunoglobulin A (dIgA) by
polarized confluent human bronchial epithelial cells (HBEC) at 24, 48
and 72 h after confluence. 125I-dIgA at 8 µg·mL-1 was added in the baso-
lateral media, in the presence (    ) or absence (    ) of interferon-γ
(IFN-γ) (100 U·mL-1) in the apical media.       : control. The specificity
control included the addition of 4.2 mg·mL-1 cold polymeric IgA to the
same concentration of 125I-dIgA (n=5). Results are expressed as trichlo-
roacetic acid-precipitable 125I-dIgA in ng·mL-1. #: p<0.03; *: p<0.05. b)
Transcytosis of cold dIgA (2 mg·mL-1) by polarized confluent HBEC
at 24, 48 and 72 h in the presence (        ) or absence (       ) of IFN-γ (100
U·mL-1) in the apical media. Secretory (S)-IgA concentrations are meas-
ured in the apical media and expressed in ng·mL-1; no S-IgA could be
found in the basolateral media. Negative control conditions consisted of
the same concentration of cold monomeric IgA. Two experiments were
conducted.
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ng·mL-1 125I-dIgA with IFN-γ versus 4.2±1.5 ng·mL-1 125I-
dIgA without, p<0.03). This IFN-γ enhancing effect on
dIgA transcytosis by HBEC significantly persisted at 72 h
(15.0±4.7 ng·mL-1 125I-dIgA versus 8.4±2.0 ng·mL-1 125I-
dIgA at 72 h, p<0.02) (fig. 5a).

In two experiments, confluent HBEC monolayers were
incubated for 24, 48 and 72 h with cold dIgA (2 mg·mL-1)
in the basolateral media. Control HBEC included in these
two experiments were incubated with cold monomeric
IgA (mIgA) at the same concentration in the basolateral
medium. Increasing concentrations of S-IgA were found
in the apical media of HBEC after 24, 48 and 72 h where
dIgA was present in the basolateral media (11.1±2.5,
18.1±1.9 and 23.6±0.8 ng·mL-1, respectively). Apical media
of control HBEC incubated with mIgA in their basolateral
media only contained much lower concentrations of S-
IgA (0.8±0.03, 2.3±0.7, and 2.8±0.7 ng·mL-1). No measur-
able S-IgA was found in the basolateral media with our
assay in either control or experimental conditions. When
HBEC were incubated with dIgA in the basolateral
medium and with IFN-γ (100 U·mL-1) in the apical med-

ium, the concentrations of S-IgA in the apical media were
higher after 24, 48 and 72 h (15.2±1.4; 24.4±0.5, 31.7±3.3
ng·mL-1, respectively) than without IFN-γ. As these res-
ults originate from only two experiments they are not sta-
tistically evaluable (fig. 5b). Two additional experiments
were carried out to assess HBEC permeability with and
without IFN-γ. mIgA, a molecule that is not transcytosed
by epithelial cells [20] was added at 100 µg·mL-1 to the
basolateral medium of confluent monolayers of HBEC
and the mIgA concentration was measured in the apical
media. No difference in HBEC permeability to mIgA was
observed in control and IFN-γ wells at 24 and 48 h
(8.3±0.4 versus <8 ng·mL-1 mIgA at 24 h and 10.3±3.3
versus 8.7±0.9 ng·mL-1 mIgA at 48 h).

RT-PCR

The RT-PCR results for the presence of SC mRNA in
HBEC and respiratory epithelial cell lines are shown in
fig. 6. The negative control (lane 6) is represented by
human bone marrow cells with the positive control (lane
4) being CALU-3. The two other cell lines, A549 and
16HBE (lanes 2 and 3, respectively), expressed no detect-
able SC mRNA. HBEC incubated for 48 h with IFN-γ
(lane 5) expressed SC mRNA at a level comparable to that
of CALU-3, at 405 base pairs.

Discussion

The secretory immune system plays a major role in pro-
tecting the respiratory tract from viral and bacterial infec-
tions. S-IgA is the major immunoglobulin present in the
respiratory secretions in humans and at the bronchial level
is mainly involved in the immune exclusion process, a
noninflammatory pathway [3]. The mechanisms of SC
production and pIgA transcytosis by bronchial epithelial
cells and their regulation remain underinvestigated. In
order to study these mechanisms an in vitro model of SC
production and IgA transcytosis by bronchial epithelial
cells was used.

Studies at the protein level demonstrate SC production
by HBEC and CALU-3 in nonpolarized cultures, no SC
production by A549 and a minimal production of SC by
16HBE. When cultured on filter inserts, HBEC secretion
of SC was apically polarized. Moreover, polarized HBEC
were capable of transcytosing dIgA, released as S-IgA in
the apical compartment of the cell culture system, while
no S-IgA was detected in the basolateral compartment (res-
ults from two experiments). The addition of 100 U·mL-1

IFN-γ gave a steady and reproducible increase in SC pro-
duction and dIgA transcytosis after 48 and 72 h. Immuno-
cytochemical studies showed that SC production was
heterogeneously distributed in HBEC. IFN-γ increased the
proportion of SC-positive cells and the amount of SC prod-
uced by SC-positive cells. At the molecular level, RT-PCR
showed that A549 and 16HBE cells did not express det-
ectable mRNA for SC, while HBEC with IFN-γ expressed
SC mRNA at the same level as CALU-3 cells used as a
positive control [24].

SC production and transcytosis of immunoglobulins are
major properties of epithelial cells, allowing the unidirec-
tional transport of polymeric antibodies, without disturb-
ing the integrity of the epithelial barrier. FIEDLER et al. [10]

Fig. 6.  –  Ethidium bromide-stained polyacrylamide gel of reverse tran-
scription-polymerase chain reaction products from cell lines A549 (lane
2), 16HBE (lane 3) and interferon-γ-stimulated human bronchoepithelial
cells (lane 5), with CALU-3 (lane 4) as a positive control and human
bone marrow cells as a negative control (lane 6). bp: base pair.
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demonstrated that primary human tracheal epithelial cells
[10] produced SC in vitro. Transcytosis has already been
suggested in the human bronchial epithelium by in situ
immunoelectron microscopy [7]. The mechanisms of pIgA
transcytosis have been investigated in vitro mainly in
polarized Madin-Darby canine kidney (MDCK) cells sta-
bly transfected with the cDNA encoding the rabbit pIgR
[20, 25]. However, because of the viral vector of transfec-
tion, these systems do not allow the study of the influence
of cytokines on pIgA transcytosis. A recent study using an
animal model demonstrated pIgA transcytosis in polar-
ized primary cultures of rat uterine epithelial cells [26].
Another group has studied pIgA transcytosis by CALU-3,
a bronchial epithelial cell line with characteristics of ser-
ous glands [27]. To the best of our knowledge, pIgA tran-
scytosis had not previously been studied in primary
HBEC cultures.

Previous studies have stressed the influence of epi-
thelial cell polarization on SC secretion [10, 11]. CHINTALA-
CHARUVU et al. [11] extensively demonstrated that depolari-
zation, induced by calcium deprivation, significantly
decreased the total release of SC by HT-29.74 human
colon carcinoma cells. Like FIEDLER et al. [10] we found
that SC release by HBEC in primary culture on permeable
filters was apically polarized. In our studies, apical SC
secretion and pIgA transcytosis by HBEC were dep-
endent on cell polarization, since SC was released mainly
in the apical medium in polarized cultures.

Studies of cytokine modulation of SC production and
pIgA transcytosis by HBEC are crucial to understand the
regulation of these mechanisms in vivo. From previous
studies, IFN-γ appeared consistently to stimulate SC pro-
duction by human intestinal epithelial cell lines [12, 13].
Therefore the effect of IFN-γ on SC production by HBEC
was studied. HBEC increased their SC production after 48
h incubation with IFN-γ in nonpolarized and in polarized
cultures. In polarized cultures, this increased SC produc-
tion was largely apically released. However, IFN-γ has
been found to increase the permeability and decrease the
transepithelial electrical resistance of a human colonic
epithelial cell-line (T84) monolayer [28] when added baso-
laterally. No increased permeability was found when IFN-
γ was added to the apical medium. We have confirmed
that apically added IFN-γ did not alter the permeability of
the HBEC monolayer. Other cytokines such as IL-1α and
β, IL-4, TNF-α and TGF-β [12–17] have been shown to
up-regulate the production of SC by intestinal cell lines,
but have not been studied here.

At the transcriptional level, the results using the RT-
PCR technique confirmed the expression of RNA for SC
by the CALU-3 cells [24]. Furthermore, SC mRNA was
detected in primary HBEC, while A549 and 16HBE cells
did not express detectable mRNA for SC, supporting the
respective presence or virtual absence of SC production in
culture. Previous studies have demonstrated the upregula-
tion of mRNA for SC by IFN-γ in cell line models [29,
30].

The immunocytochemistry data show that immuno-
staining for SC was not homogeneous in unpolarized
HBEC. Such differences in SC immunostaining suggest
heterogeneity in cellular content and/or heterogeneous
production of SC by HBEC, possibly related to their orig-
inal in vivo location in the bronchial pseudostratified epi-
thelium, since several studies [6, 10, 24] suggest that basal

cells do not express SC. SC immunostaining of HBEC
was increased after 48 h incubation with IFN-γ, suggest-
ing that this cytokine increased the amount of SC pro-
duced per cell but also increased the total number of cells
producing SC. It would be of interest to study SC immu-
nostaining of polarized HBEC on inserts.

Viral and bacterial infections in the respiratory tract
lead to the release of various cytokines, including IFN-γ,
by macrophages, lymphocytes and epithelial cells [31,
32]. This release of IFN-γ is likely to upregulate the secre-
tion of SC and the transcytosis of immunoglobulins by
the bronchial epithelium, increasing the efficacy of the
immune exclusion process. The recent finding of a strong
interaction between a common pneumococcal surface pro-
tein (SpsA) and both S-IgA and SC strengthens the rele-
vance of these data [33]. Mucosal immunity mechanisms
remain poorly explored in respiratory diseases. Our group
found diminished concentrations of SC in the BAL of
asthmatics compared with normal controls [8], which could
be related to the imbalance between Th1 and Th2 subpop-
ulations of T-lymphocytes in asthmatics [34, 35], resulting
in the downregulation of IFN-γ release.

HBEC used in these studies were obtained from "heal-
thy" segments of bronchi removed from the lungs of
patients who had undergone lobectomy for lung cancer.
Although no major inflammatory or metaplasic changes
were observed in the samples used, these bronchi were
obtained from patients with a history of smoking and mild
chronic obstructive pulmonary disease (COPD). Inflamma-
tory changes typical in COPD are possibly accompanied by
functional changes in protein secretion and production by
epithelial cells, as it has been shown to be the case in asth-
matic epithelial cells [36] or in Clara cell protein (CC10)
production by epithelial cells from smokers [37]. It is there-
fore possible that the present kinetics of SC production
differ somewhat from those of HBEC from normal non-
smoking subjects. Differences between donors are also
possible because of differences in age, gender and medi-
cal history. The technique of cell separation by enzymatic
dissociation at low temperatures induces loss of differenti-
ation of the retrieved epithelial cells [38–40]; however, the
risk of fibroblast contamination is very low, which is
important because epithelial SC production can be inhib-
ited by fibroblasts [41]. HBEC obtained by outgrowth
from normal explants would have been a good alternative.
However, this type of culture is characterized by the pres-
ence of squamous epithelial cells, which usually do not
produce SC, at the outgrowth edges. Other limitations in-
clude the small number of experiments for each condition
investigated and the number of epithelial cells recovered
from surgery specimen according to their size.

In summary, these studies have demonstrated a consti-
tutive secretory component production by human bron-
chial epithelial cells enhanced by cell polarization and by
interferon gamma. Secretory component messenger ribo-
nucleic acid were detected in human bronchial epithelial
cells by reverse transcription-polymerase chain reaction.
Among the cell-lines investigated however, A549 and
16HBE cells did not express messenger ribonucleic acid
for polymeric immunoglobulin receptor. Furthermore, we
were able to reproduce dimeric immunoglobulin A tran-
scytosis by human bronchial epithelial cells in vitro and to
underline its upregulation by interferon gamma.
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