
Thorax 1995;50:651-657

Effect of cigarette smoke on the mRNA and
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Abstract
Background - The concentration of car-
cinoembryonic antigen (CEA), known as
a marker ofmalignant transformation and
chronic inflammation, is increased in
bronchoalveolar lavage fluid obtained
from smokers compared with fluid from
non-smokers. This study investigated the
mechanism and biological significance of
CEA production in the lungs of smokers
by evaluating protein and mRNA ex-
pression in non-carcinomatous lung par-
enchymal tissues and in cell lines derived
from human fetal lung.
Methods - Lung parenchymal tissue free
from cancer or an inflammatory lesion
was obtained from five non-smokers (four
with lung cancer, one with pulmonary my-
cetoma), five ex-smokers (all with lung
cancer except for one with mesothelioma),
and 14 smokers (nine with lung cancer, five
with emphysema) at surgery or necropsy.
Cancer tissue was also collected simul-
taneously from the subjects with lung
cancer. CEA protein in the tissue homo-
genates was measured by enzyme linked
immunoassay. CEA mRNA expression in
the non-carcinomatous parenchymal tis-
sue and cancer tissue was evaluated by
in situ hybridisation using CEA specific
riboprobe and was semiquantitated by
counting the number of silver grains per
cell. CEAmRNA expression was also com-
pared in three cell lines derived from
human fetal lung (IMR-90, MRC-9, and
CCD-14Br) after in vitro stimulation with
medium exposed to cigarette smoke or air.
Chemoattractant activity of purified CEA
for neutrophils and monocytes was also
studied in vitro.
Results - CEA content in non-car-
cinomatous lung tissue was increased in
smokers with emphysema (mean (SD) 38-0
(9.2) ng/mg protein) or with lung cancer
(38-2 (21.6)) compared with non-smokers
(11 0 (5.4)) or ex-smokers (5-9 (2.2)). CEA
mRNA expression in non-carcinomatous
tissue, expressed by average number of
grains per cell, was also increased in
smokers with emphysema (mean (SD) 11-2
(4.1)) or with lung cancer (14.0 (8.4)) com-
pared with non-smokers (3.1 (0 6)) or ex-
smokers (4-0 (1.7)). CEA content in car-
cinomatous tissues was 42-8 (37 3) for non-
smokers, 38*2 (42.4)) for ex-smokers, and

59*0 (22.5) for smokers. The CEA content
in carcinomatous tissue was higher than
in non-carcinomatous tissue, but there
was no difference between non-smokers,
ex-smokers, and smokers. The numbers
of grains per cell in carcinomatous tissue
were higher than in non-carcinomatous
tissues, but not different among non-
smokers (30.3 (3.9)), ex-smokers (38-3
(13.8)), and smokers (44.3 (5.2)). CEA
mRNA expression in the cell lines was
upregulated after the incubation with
smoke-treated medium. Purified CEAwas
chemoattractant for neutrophils but not
for monocytes in vitro.
Conclusions - mRNA and protein ex-
pression of CEA were increased in the
normal lung tissue from smokers com-
pared with non-smokers or ex-smokers.
Since CEA content and mRNA expression
were no different between smokers with
non-small cell lung cancer and those with
non-carcinomatous disease, it is unlikely
that CEA expression in non-car-
cinomatous lung parenchymal tissue was
influenced by the presence of the tumour
and is consistent with the effect of smok-
ing. This is supported by in vitro studies
which show that cigarette smoke could in-
duce CEA mRNA expression in fetal lung
derived cells. In addition, CEA might play
a part in recruitment of neutrophils into
the lower respiratory tract.
(Thorax 1995;50:65 1-657)

Keywords: carcinoembryonic antigen (CEA), smoking,
in situ hybridisation.

Cigarette smoking is an important risk factor
for the development of chronic inflammatory
lung diseases such as pulmonary emphysema
and chronic bronchitis. Histopathological ex-
amination and analysis of bronchoalveolar lav-
age (BAL) cells have revealed increased
numbers of alveolar macrophages and neu-
trophils in the lower respiratory tract of cigar-
ette smokers.' These findings suggest that
cigarette smoking results in an accumulation
of inflammatory cells in the lung. Another fea-
ture of BAL fluid obtained from smokers is a
significant increase in the concentration of car-
cinoembryonic antigen (CEA), a cell surface
glycoprotein which is also found in various
malignant and normal epithelial cells including
bronchoalveolar epithelial cells.9 Increased
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levels of CEA in epithelial lining fluid are con-
sidered to be a marker of chronic inflammatory
change or malignant transformation.47 The
localisation of CEA protein to type I and type
II pneumocytes, and epithelial cells lining the
bronchioles, bronchi, and trachea ofthe normal
lung, has been shown by immunohistochemical
studies."'' Although several mechanisms in-
cluding increased local synthesis, decreased
CEA degradation, and preferential transport
from serum have been proposed, it is unclear
exactly how CEA accumulates in smokers'
lung.'2 Furthermore, the biological significance
of CEA in smoker's lung remains to be elu-
cidated.

In this study we have analysed CEA mRNA
and protein expression in lung tissue obtained
from smokers, ex-smokers and non-smokers.
In addition, CEA mRNA expression in cell
lines derived from human fetal lung was ob-
served after exposure to cigarette smoke-treated
medium. Furthermore, we evaluated the bio-
logical function of CEA as a chemoattractant
for neutrophils and monocytes which ac-
cumulated in the lungs of cigarette smokers.

Methods
SUBJECTS
The subjects in this study were five non-
smokers (mean age 62 (15) years, two men),
five ex-smokers (68 (5) years, all men), and 14
smokers (66 (6) years, all men). The back-
ground diseases of the subjects were as follows:
non-smokers consisted of four with non-small
cell lung cancer (NSCLC) and one with pul-
monary mycetoma in a non-compromised host;
ex-smokers all suffered from NSCLC except for
one patient who had malignant mesothelioma;
and smokers consisted of nine with NSCLC
and five with pulmonary emphysema. In the
patients with NSCLC the tumour size varied
from 4 cm to 10 cm diameter. There was no
evidence of pulmonary metastases at operation
or necropsy. Ex-smokers had quit smoking at
least three years before the study. The smokers
were divided into two groups - those with
NSCLC and those with non-carcinomatous
disease - to discriminate between the effect of
cigarette smoke and the presence oftumour on
CEA expression.

SPECIMENS
Specimens of lung parenchymal tissue not
affected by malignancy were obtained at sur-
gery (three non-smokers, three ex-smokers, and
five smokers) or necropsy (two non-smokers,
two ex-smokers, and nine smokers). Particular
attention was paid to avoid sampling areas
involved in tumour or inflammatory lesions.
To accomplish this, tissue samples were taken
from a different lobe from that which contained
a localised lesion at surgery or from the lung
contralateral to the diseased site identified at
necropsy. Furthermore, each specimen used
in this study was examined by conventional
staining with haematoxylin and eosin and it
was confirmed that no obvious inflammatory
or malignant changes were present.
We concomitantly obtained carcinomatous

tissue from the primary tumours ofthe subjects

with NSCLC (four non-smokers, five ex-
smokers, and nine smokers at surgery or nec-
ropsy).
For in situ hybridisation each tissue sample

was embedded in OCT compound (Niles Inc,
Elkhart, Indiana, USA). Cryostat cut tissue
sections (5,m thick) were mounted on glass
slides previously treated with 3-amino-
propyltriethoxysilane (Aldrich, Milwaukee,
Wisconsin, USA), then fixed with phosphate
buffered 4% paraformaldehyde. After several
rinses in water the slides were stored at -70°C
until further processing.

CELL CULTURE AND IN VITRO STIMULATION BY
CIGARETTE SMOKE-TREATED MEDIUM
The human fetal lung cell lines IMR-90, MRC-
9, and CCD-14Br that originated from human
fetal lung were provided by theJapanese Cancer
Research Resources Bank (jCRB). The cells
were grown in Dulbecco's modified Eagle
medium (DMEM) supplemented with 2mM
L-glutamine, non-essential amino acids,
20 mM Hepes, and 10% heat inactivated fetal
calf serum at 37°C in 5% CO2. One million
cells were plated in a 35 mm tissue culture dish
(Iwaki Glass, Japan), cultured for three days,
and stimulated with cigarette smoke-treated
medium by the method of Hunninghake et al.'
Briefly, smoke from a cigarette or an equivalent
amount of air was bubbled through 25 ml of
plain DMEM. The resultant solution was im-
mediately filtered through a 0-22 jim Millipore
filter (Millipore, Bedford, Massachusetts,
USA). The solution exposed to cigarette smoke
or air was added to the culture medium to a
final concentration of 1% (v/v). The culture
medium of each cell line was replaced with
2 ml of the fresh medium after three hours
exposure to the smoke or air treated fluid. The
culture was then continued for an additional
0, 3, 6, 9, 12 or 24 hours. At each time point the
cells were harvested by treatment with 025%
trypsin/0-02% EDTA for two minutes at 37°C.
A portion of the collected cells were mounted
on 3-aminopropyltriethoxysilane-coated glass
slides through centrifugation at 340 rpm for
10 minutes in a Cytopsin 2 (Shandon, Pitts-
burgh, Pennsylvania, USA), then fixed with
4% paraformaldehyde. The slides were stored
at - 70°C until in situ hybridisation was per-
formed. The remaining cells were sonicated in
phosphate buffered saline to prepare for CEA
assay. Triplicate experiments were performed
for each cell line on three occasions at each
time point.

CEA ASSAY
An aliquot of tissue specimen or culture cells
was suspended in phosphate buffered saline
(PBS) and disrupted by sonication with a Poly-
tron (Kinematica AG, Lttau/Lucerne, Swit-
zerland). After centrifugation at 15 000 rpm for
five minutes the supernatant ofthe homogenate
was subjected to CEA assay by enzyme linked
immunoassay (EIA) using Enzyme-Test CEA
(Boehringer Mannheim, Mannheim, Ger-
many). Internal standards allowed the CEA
concentration to be calculated. The lower limit
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of measurement was 0 5 ng/ml with this kit.
CEA content was expressed in ng CEA/mg total
protein. Protein concentration was determined
by the method of Lowry using bovine serum
albumin (BSA) as a standard.'3

PREPARATION OF CEA RIBOPROBES
Partial cDNA of CEA was synthesised by
reverse transcriptase-polymerase chain reaction
(RT-PCR) using totalRNA extracted from lung
cancer tissues as a template by the method
described elsewhere.'4 The cDNA corresponds
to 694 bp of 3'-untranslated region of CEA
gene.'5-' CEA specific primers used for the
PCR were 5'-GGGAATTCGCAGCCCTG-
GTGTAGTTlCTT-3' and 5'-GCAAGCTTA-
GTCTGGAGCGACCACATAGG-3', which
had restriction sites for EcoRI and Hind III,
respectively. After double digestion with EcoRI
and Hind III, the cDNA was inserted into the
plasmid vector pBluescript SK(-) (Stratagene,
La Jolla, California, USA) and transfected into
DH5oa competent cells (GIBCO/BRL, Life Te-
chologies Inc, Gaitherburg, Maryland, USA).'8
The nucleotide sequence of the cDNA probe
was confirmed by the dideoxy chain ter-
mination method. Sense and antisense ribo-
probes for in situ hybridisation were
generated from the cDNA clone by T3 or T7
RNA polymerase and [35S] cUTP (>1000 Ci/
mmol, SP6/T7 Grade, Amersham, Buck-
inghamshire, UK) at 37°C for 60 minutes after
digestion with Hind III and EcoRI, respectively.
The radiolabelled riboprobes were purified by
phenol chloroform extraction and cent-
rifugation through a Bio-Spin 30 chro-
matography column (Bio-Rad Laboratories,
Hercules, California, USA) to exclude un-
incorporated nucleotides of [35S] aUTP.

IN SITU HYBRIDISATION
The methods used for in situ hybridisation
were modified from those described by Adachi
et al.'9 Frozen sections (5,m thick) were cut
at - 20°C and fixed with 4% paraformaldehyde
in PBS (pH 7-4) for 10 minutes at room tem-
perature. The slides were washed twice in
2 x SSC (150mM sodium chloride, 15mM
sodium citrate, pH 7-0), immersed in 0 1 M
triethanolamine buffer (pH 8 0) for two min-
utes, and incubated in 0-25% acetic anhydride
in the same buffer for 10 minutes. The slides
were then washed in 2 x SSC, in PBS, im-
mersed in 0 1 M Tris-HCl (pH 7 0) containing
0 1 M glycine for 30 minutes, and rinsed several
times in 2 x SSC. After predigestion with pro-
teinase K (1 mg/ml in PBS at 37°C for five
mintes), the samples were washed in PBS con-
taining 2 mg/ml glycine, postfixed in 4% para-
formaldehyde in PBS for five minutes, and
again washed twice in the same buffer.

Prehybridisation was performed on slides
with a hybridisation mixture which contained
2 x SSC, 50% formamide, 1 x Denhardt's so-
lution (Sigma, St Louis, Missouri, USA),
10mM DTT, 1 mg/ml yeast tRNA, 100 jig/ml
of heat denatured salmon sperm DNA, and
2-5 mM EDTA in 50mM phosphate buffer
(pH 6 8) at 50°C for three hours in a humidified

chamber. Hybridisation was carried out with
the labeled riboprobe (5 x 105 cpm/slide) in
the hybridisation mixture with 10% dextran
sulphate (Sigma) at 50°C for 12 hours. After
hybridisation the slides were immersed in 50%
formamide-2 x SSC containing 10 mM DTT
at 45°C for 30 minutes, washed in 2 x SSC,
and incubated in RNase solution (100 mg/ml
RNase A [Sigma], 1 gg/ml RNase Ti [Boehr-
inger Mannheim]) at 37°C for 30 minutes.
The slides were subsequently washed twice in
50% formamide-2 x SSC at 45°C, rinsed with
2 x SSC and distilled water, and dehydrated
sequentially in 70%, 80%, and 90% ethanol,
then dried in air. Autoradiography was per-
formed by dipping in Konica autoradiographic
emulsion (Type NR-M2, silver grain size
0 15,m, Konica Corp, Tokyo, Japan) diluted
1: 1 with 1 M sodium acetate at 42°C. After
three days exposure at 4°C the slides were
developed and fixed at 25°C. The developed
slides were stained with haematoxylin and
eosin. Non-specific hybridisation was de-
termined by parallel incubation of an adjacent
section with 35S-labelled sense CEA riboprobe.
To quantify the relative number of CEA

mRNA transcripts per cell (nucleus), silver
grains hybridised with 35S-labelled antisense
CEA riboprobe were counted in an average of
100 cells (nuclei) for each sample.20 The counts
were corrected by subtracting the non-specific
hybridisation with the CEA sense riboprobe.
The value was represented as average numbers
of grains per cell.

CHEMOTAXIS OF NEUTROPHILS AND MONOCYTES
Neutrophils and monocytes were purified from
peripheral blood of five non-smoking in-
dividuals by the methods of Aalto et al and
Iwabuchi et al, respectively.2' 22 Purity ofmono-
cytes was examined by cx-naphthyl acetate ester-
ase staining (Sigma Diagnostics, St Louis,
Missouri, USA). Both neutrophil and mono-
cyte populations were greater than 95%. Vi-
ability as assessed by trypan blue dye exclusion
was greater than 95% for both cell types.
Chemotaxis for neutrophils and monocytes was
assayed by the method of Zigmond and Hirsh
with a minor modification employing a Boyden
chamber with a cellulose nitrate membrane.23
The pore size of the membrane was 3 jim for
neutrophils and 5 jim for monocytes. Varying
concentrations of purified human CEA (Gelco
Diagnostics Inc, Shreveport, Louisiana, USA)
in PBS supplemented with 1 mM Ca2", Mg2+,
and 10% BSA (Fraction V, Sigma) were added
to the lower wells of the chamber. One million
neutrophils or 6-5 x 105 monocytes in 300 jil
PBS were placed into each of the upper wells.
The entire apparatus was incubated at 37°C
for 45 minutes for neutrophils and 30 minutes
for monocytes. The membrane was then fixed
with neutral buffered formalin for 30 minutes
and stained with Mayer's haematoxylin. With a
40 x objective the distance (jim) from the top
of the filter to the furthest two cells at the same
focal plane was measured with a micrometer
on a fine focus adjuster. This measure was
taken for 10 fields across the filter. Chequered
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Figure 1 CEA content
(nglmg protein) in normal
human lung tissue from
five non-smokers (four
with lung cancer, one with
non-carcinomatous
disease), five ex-smokers
with lung cancer, nine
smokers with lung cancer,
and five smokers with non-
carcinomatous disease
(p<005 for smokers with
cancer versus non-smokers
or ex-smokers, and for
smokers with non-
carcinomatous disease
versus non-smokers or
ex-smokers).
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board analysis of neutrophil motility was con-

ducted according to the method of Zigmond
and Hirsh."3 Varying concentrations of the au-

thentic CEA were added to the upper and
lower wells of the apparatus. Chemotaxis
occurs when there is a positive gradient of
chemoattractant. Chemokinetic motility occurs
even when the chemoattractant is present at
equivalent concentrations in both upper and
lower chambers. We used FMLP at a con-

centration of 10-8M as a positive control for
neutrophil and monocyte chemoattractance."4

DATA ANALYSIS
Data are presented as mean (SD). Com-
parisons in CEA assay and number of silver
grains between carcinomatous tissues and non-

carcinomatous tissues were made by the two
tailed t test. Other comparisons between
groups were made by one way ANOVA. A
probability of<0 05 was considered significant.

Results
CEA EXPRESSION IN NON-CARCINOMATOUS LUNG

PARENCHYMAL TISSUES
The mean (SD) CEA content of lung tissue
homogenates obtained from normal lung was

11 0 (5 4) ng/mg protein for non-smokers, 5 9
(2-2) for ex-smokers, 38-2 (21 6) for smokers
with NSCLC, and 38-0 (9 2) for smokers with
non-carcinomatous disease (fig 1). The level
for smokers with either NSCLC or non-car-

cinomatous disease was significantly higher
than that for non-smokers or ex-smokers
(p<0.05). The result was comparable with pre-
vious data obtained in BAL fluid samples.6
To examine the localisation of production of

CEA in normal lung tissue we performed in
situ hybridisation using a CEA-specific ribo-
probe. A rather diffuse hybridisation signal
was observed along the alveolar wall, indicating
that CEA mRNA was expressed in the alveolar
epithelial cells and also possibly in capillary
endothelial cells, pulmonary fibroblasts, or

other interstitial cells (fig 2A, B, C). The hy-
bridisation signal was also observed in bron-
chiolar tissue (data not shown). The mean

numbers of grains/cell in the alveolar tissues
were 3 1 (0 6) in non-smokers, 4-0 (1-7) in ex-

smokers, 14-0 (8 4) in smokers with NSCLC,
and 11 2 (4-1) in smokers with non-car-

cinomatous disease, respectively (fig 3). The

value for smokers with non-carcinomatous dis-
ease was not different from that for smokers
with NSCLC (p>0. 1), but significantly higher
than that for non-smokers or ex-smokers
(p<005 for each comparison). There was no
difference in CEA expression between the nec-
ropsy and surgical materials.

CEA EXPRESSION IN CARCINOMATOUS TISSUES
The CEA content in carcinomatous tissue was
42-8 (37 3) ng/mg protein for non-smokers,
38-2 (42.2) for ex-smokers, and 59 0 (22-5) for
smokers. The CEA content in carcinomatous
tissues was significantly higher than that of
non-carcinomatous tissues (p<005). However,
there is no difference among non-smokers, ex-
smokers, and smokers in CEA content of car-
cinomatous tissues. CEA mRNA expression
was significantly higher in lung cancer tissue
compared with non-carcinomatous tissue (fig
2D). The numbers of grains per cell in car-
cinomatous tissue were significantly higher
than that of non-carcinomatous tissues
(p<005) but were not different among the
non-smokers (30 3 (3-9)), ex-smokers (38-3
(13-8)), and smokers (44.3 (5 2)).

INDUCTION OF CEA EXPRESSION BY

STIMULATION WITH CIGARETTE SMOKE
The cell lines that originated from human fetal
lung were stimulated with the medium exposed
to cigarette smoke to examine the effect of
cigarette smoke on CEA expression in these
cells. Since the CEA content of the cell lysate
and supematant were too small to measure by
EIA, we compared CEA mRNA expression by
in situ hybridisation. The expression of CEA
mRNA transcripts in IMR-90, MRC-9, and
CCD14Br was upregulated after the stimu-
lation, while the expression did not change
after incubation with air-treated medium (figs
4 and 5). Maximum mRNA expression was
observed at nine hours for IMR-90, six hours
for MRC-90, and 24 hours for CCD-14Br,
respectively. The average numbers of grains
per cell following incubation with medium ex-
posed to cigarette smoke at 0 hours and peak
time points were 5-1 (1-6) and 9-2 (1-5) for
IMR-90; 5 8 (1 1) and 11 2 (1 6) for MRC-9;
and 5-1 (1-0) and 12-5 (2-4) for CCD-14Br,
respectively (fig 5) (p<0 05 for each com-
parison).

CHEMOTAXIS OF NEUTROPHILS AND MONOCYTES
TO AUTHENTIC CEA
The chemotaxis of neutrophils and monocytes
to authentic CEA was analysed by a modified
Boyden chamber technique. The chemotaxis of
neutrophils to CEA was dose dependent in a
range from 0 to 50 ng/ml. The average distance
(>m) of cell movement for neutrophils was 1 6 6
(6 5), 27.3 (7M3), 51I9 (2107), and 38q4 (17-8)
at concentrations of 0, 10, 50, and 100 ng/ml
of authentic CEA in the lower well, respectively
(p<005 for each concentration versus negative
control) (fig 6A). Chemoattractant activity at
the concentration of 50 ng/ml CEA was com-
parable to that of 10-8M FMLP. Chemotactic

nl
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Figure 2 Examples of in situ hybridisation to demonstrate CEA mRNA in non-
carcinomatous lung tissue and cancer tissue. Panels on the left are bright field
photomicrographs and those on the right are corresponding areas of dark field
photomicrographs hybridised with antisense CEA riboprobe. (A) normal alveolar tissue
from a non-smoker with lung cancer; (B) normal alveolar tissue from an ex-smoker with
lung cancer; (C) normal alveolar tissue from a smoker with lung cancer; (D) carcinoma
tissue from a patient with non-small cell carcinoma of the lung. Note that CEA mRNA
transcripts were found along the alveolar walls (A, B, C) and cancer cells (D) hybridised
with antisense CEA riboprobe. Messenger RNA expression seemed to be enhanced in the
alveolar tissue of the smoker compared with that of a non-smoker and an ex-smoker.
Considerably higher expression per tumour cell was observed in the carcinomatous tissue.
Bar= 300 pm.

response was not observed in the experiments
using monocytes (fig 6B). Chequered board
analysis using the same concentration of CEA
in both upper and lower wells showed that
chemokinetic movement of neutrophils in the
presence of CEA was not enhanced at higher

Figure 3 Comparison of
silver grain numbers in
non-carcinomatous lung
tissue obtained from five
non-smokers, five ex-
smokers, nine smokers with
lung cancer, and five
smokers with non-
carcinomatous disease using
in situ hybridisation with
CEA specific riboprobe
(p<005 for non-smokers
versus smokers with lung
cancer or benign disease).
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Figure 4 In situ hybridisation to detect CEA mRNA in
fetal lung cell lines stimulated by cigarette smoke-treated
medium. (A), (B), and (C) represent bright field
photomicrographs of examples from the human fetus lung
cell lines IMR-90, MRC-9, and CCD-14Br, respectively.
Panels on the left are photomicrographs of cells treated with
air-exposed medium, panels on the right are photographs
of cells at peak time point (at 9 hours for IMR-90, 6
hours for MRC-9, and 24 hours for CCD-14Br),
respectively, following smoke treatment. Note that CEA
mRNA expression in each cell line appears to be increased
by cigarette smoke-treated medium. Bar= 60 pm.

CEA concentrations (fig 6A). These results
suggest that neutrophil response to CEA
represented a gradient-directed migration
(chemotaxis) rather than enhanced random cell
movement (chemokinesis).

Discussion
CEA is a 180 kDa oncofetal glycoprotein that
is highly concentrated in fetal tissues and in a
number of tumour cells. The plasma CEA
concentration was used initially as a tumour
marker to screen for the presence of tumour,
but its sensitivity was not sufficient to make it
a reliable test.5 Later, CEA was found on the
epithelial cell surface of various organs, in-
cluding colon, uterus, and lung.89 The presence
of CEA in alveolar and bronchial epithelial
cells has been shown by immunohistochemical
studies and the protein has been found in
BAL fluid."7'0'' Either local production or
preferential transport from the circulation via
receptor-mediated endocytosis may account for
the higher concentration of CEA in bronchial
secretions than plasma.91225 The present study
demonstrated CEA mRNA expression in
alveolar and bronchiolar tissues by in situ
hybridisation. This finding suggests local
production of CEA protein in the lower res-
piratory tract. Although the result does not
exclude the possibility of active transport of
CEA from the circulation or decreased clear-
ance of CEA, it is likely that the major source
of CEA in the lung is local production by
bronchoalveolar cells.

In the present study a hybridisation signal
specific to CEA was obtained along the alveolar
wall. Although the exact identification of the
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Figure 5 Comparison of
silver grain numbers in
three cell lines after
incubation with medium
exposed to air and cigarette
smoke at different
additional incubation time
points. (A) IMR-90; (B)
MRC-9; (C) CCD-14Br
The average numbers of
silver grains per cell treated
with air-exposed medium
(@) were 5 0 (0 2) in
IMR-90, 4-9 (0 4) in
MRC-9, and 51 (0 6) in
CCD-14Br. The values
with cigarette smoke-
exposed medium (0) at 0
hours and peak time points
were 5-1 (1-6) and 9-2
(1 5) at 9 hours in IMR-
90, 5 8 (1-1) and 11 2
(1 6) at 6 hours in MRC-
9, and 51 (1 0) and 125
(2.4) at 24 hours in
CCD-14Br *p<005 for
each comparison with 0
hours incubation with
smoke-treated medium.
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cell type labelled by the riboprobe is difficult,
we believe that the CEA mRNA expression is
in alveolar and bronchiolar epithelial cells since
a strong signal was observed along the bron-
chioloalveolar surface. However, we cannot ex-

clude the possibility that capillary endothelial
cells or pulmonary fibroblasts expressed CEA
mRNA transcripts from our present data.
We have shown that both the CEA content

and mRNA expression in the lung tissue of
cigarette smokers with non-carcinomatous dis-
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Figure 6 Chemotaxis and chemokinesis of neutrophils and monocytes to purified CEA
expressed as concentrations of CEA (nglml) in upper and lower wells of the chambers
versus distance (um) of cell migration. (A) Chemotaxis of neutrophils in response to CEA
was shown at concentrations of 10-100 nglml, with an optimal concentration at 50 nglml
(solid bar). Chemokinesis of neutrophils was not observed at concentrations of 10-100 ngl
ml (open bar). (B) Chemotaxis of monocytes to CEA was not observed at concentrations
of 10-500 ng/ml. Stimulation ofFMLP (10-8M) was used as a positive controlfor
chemotaxis of both neutrophils and monocytes. *p<0.05 compared with negative control.

ease were increased as much as in the lungs of
smokers with lung cancer by comparison with
non-smokers and ex-smokers. This result was
comparable to previous studies which have
shown increased CEA concentrations in BAL
fluid recovered from "healthy" smokers com-
pared with those from non-smokers."7 Since
the CEA content and mRNA expression were
not different between smokers with non-small
cell lung cancer and those with non-car-
cinomatous disease, it is unlikely that CEA
expression of non-involved lung tissue was in-
fluenced by the presence of the tumour. In
addition, we have shown that culture medium
exposed to cigarette smoke stimulated CEA
mRNA transcripts in cell lines derived from
human fetal lung in vitro. Although we cannot
completely exclude the possibility that some
altered component in the medium provides
the stimulus, this result suggests that cigarette
smoke or its derivatives stimulate the expression
of CEA mRNA in the lung cells.
Taken together with in situ studies, the mech-

anism of increased CEA concentration in the
bronchoalveolar lavage fluid of smokers may
be a result of increased transcription of the
CEA gene in cells making up the alveolar and
bronchiolar tissues rather than enhancement
of translational or post-translational regulation
of this antigen.26 Interestingly, the CEA content
and mRNA expression of lung tissue from ex-
smokers with lung cancer were similar to those
of non-smokers, suggesting that the effect of
cigarette smoking on CEA expression may be
temporary and reversible. This is also com-
patible with the clinical observation that the
increased serum CEA concentration rapidly
returned to the normal level after the cessation
of cigarette smoking, although the true source
of serum CEA in smokers is not known.27
The CEA content and mRNA expression in

carcinomatous tissue were higher than those in
non-carcinomatous tissue irrespective of smok-
ing history. This suggests that CEA expression
in cancer cells appears to need further re-
gulation by some mechanism other than cigar-
ette smoking.
CEA expression has been considered to be

a marker of chronic inflammation or malignant
transformation in the lower respiratory tract.
However, the functions and significance of this
antigen for malignant transformation remain
unknown. Recent studies have revealed that
CEA functions as a Ca"+ independent homo-
philic cell adhesion molecule as well as a hetero-
philic adhesion molecule to non-specific
crossreacting antigens which are usually ex-
pressed in neutrophils.28"'3 In addition, we
found that CEA may function as a chemo-
attractant for neutrophils in vitro. Maximum
chemoattractant activity was observed at a con-
centration of 50 ng/ml which was comparable
with the CEA concentration of epithelial lining
fluid obtained from smokers by broncho-
alveolar lavage.4 Furthermore, the max-
imum chemoattractant activity of CEA was
similar to that of FMLP at a concentration of
10 -8M, which is equivalent to effective chemo-
attractant concentrations of leukotriene B4 or
interleukin 8.26 Thus, CEA expressed in the
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Effect of cigarette smoke on mRNA and protein expression of CEA

bronchioloalveolar tissue of smokers may con-

tribute to the recruitment of neutrophils into
lung tissue and air spaces through its chemo-
attractant activity and heterophilic cell ad-
hesion activity. However, the present study does
not exclude the importance of other mech-
anisms ofneutrophil recruitment into the lower
respiratory tract in cigarette smokers. Several
mechanisms of neutrophil recruitment have
been proposed by various investigators. Ac-
tivated complement, leukotriene B4, and
interleukin 8 are potent chemoattractants for
neutrophils in addition to other factors released
from alveolar macrophages.13536 Another
mechanism for the influx of neutrophils may

be related to increased Gc globulin-mediated
chemoattractive activity in the lungs of
smokers.37

In summary, we have shown that the CEA
content and mRNA expression in the lungs of
smokers were increased compared with non-

smokers and ex-smokers. We have also shown
that medium exposed to cigarette smoke in-
creases CEA mRNA expression in various cell
lines derived from human fetal lung. Although
the biological significance of CEA in human
lung is still not known, we suggest that CEA
may possibly function to recruit neutrophils
into the lung.
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