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ABSTRACT: The aim of this study was to develop an automated system of cell
recognition based upon colour analysis suitable for microscopic examination of bron-
chial inflammation.

Human bronchi obtained from 17 patients undergoing thoracotomy were em-
bedded in glycolmethacrylate to perform immunohistochemistry with antibodies
against: neutrophil elastase, tryptase, chymase, eosinophil cationic protein, CD68,
CD3 and immunoglobulin E. The image analysis system calculates three independent
criteria (optic density, hue density, hue) combined with morphological parameters to
specifically recognize a positive staining. This automated analysis was applied to the
study of bronchial inflammation in smokers and nonsmokers in terms of the absolute
number of cells and the expression of different markers by a single cell.

The use of these criteria enabled the characterization of a positive stain on single
(intraclass correlation coefficient (ICC)=0.88 or serial (ICC=0.84) sections. Cell counts
obtained by the automated system were highly reproducible. Regarding bronchial
inflammation, it was found that the number of inflammatory cells was significantly
higher in smokers than in nonsmokers, the majority of these cells bearing immuno-
globulin E.

These results demonstrate that such computerized analysis of colours is a valuable
method for quantifying inflammatory cells in bronchial tissue and for analysing the
expression of different markers by a single cell.
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A variety of bronchial diseases such as asthma or chro-
nic obstructive pulmonary disease (COPD) are related to
tissue infiltration by inflammatory cells that have been
mainly identified by means of immunohistochemistry and/
or in situ hybridization [1±11]. Multiple studies performed
on asthmatic tissue have allowed the characterization of
this cell infiltration, and a growing number of the studies
performed in smokers and subjects suffering from COPD
are based on the analysis of inflammatory cells in bron-
chial tissue.

In all of the above mentioned studies, inflammatory cells
have been observed using light microscopy. Using a mic-
roscope, a trained observer can discriminate between cells,
provided that these have been stained with a chromogen
corresponding to a defined colour. However, quantification
of cells is time consuming, tedious and subjective, leading
to both inter- and intraobserver variabilities. Automated
image analysis appears to be suitable to overcome these
disadvantages. Moreover, numeric acquisition allows the
extraction of additional complementary information from
microscopic images. For example, it has been demon-
strated that a black and white image analysis with an
appropriate grey-scale enables the quantification of protein
expression in tissue [12] and can be used for automated
counting of nuclei [13]. Comprehensive automated ana-
lyses of colour images have been scarcely used so far
since, in a first approach, the optic density i.e., black and
white analysis of a colour image, is sufficient to discri-

minate between a positive staining and a negative control.
Nevertheless, LAMAZIERE et al. [14] have provided sub-
stantial evidence that a colour analysis could compare the
distribution of two antigens stained by two different
colours. Such analysis is based on the fact that a primary
colour i.e., red, green or blue, contains both chromatic
and nonchromatic information that can be used to define
specific criteria of measurement. However, these criteria
that only estimate the surface distribution of a defined
colour cannot be used for an automated cell counting
since other parameters of cell recognition, such as ac-
curate discrimination between close overlapping colours,
or independency of variations in transillumination light
intensity, are required.

The aim of the present study was 1) to develop an
automated system of cell recognition based upon colour
analysis suitable for microscopic examination of bronchial
mucosa inflammation using immunohistochemistry, and 2)
to apply this automated method to the analysis of the
inflammatory cells in bronchial mucosa of smokers and
nonsmokers.

Materials and methods

Subjects

Human lung was obtained at thoracotomy as previously
described [15, 16] from 17 patients undergoing resection
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for pulmonary carcinoma. Patients were neither atopic
nor asthmatic, and were divided into two groups, i.e.
smokers and nonsmokers. Patient characteristics, asses-
sed prior to surgery, are presented in table 1.

Tissue processing

Human bronchi were processed as previously described
[16, 17]. Briefly, segments of distal bronchi 0.5±1 mm in
ID dissected from a grossly normal part of the specimen
were cut into small fragments of 23 mm. Specimens were
fixed overnight in ice-cooled acetone. After 7 h incu-
bation at 48C in glycolmethacrylate (GMA) monomers
(Polysciences, Northampton, UK), embedding resin was
prepared with benzoyl peroxide (Polysciences), GMA
monomers, and N,N-dimethylaniline (Polysciences) and
polymerized overnight at 48C. Serial 2 mm-sections were
cut with ultramicrotome and incubated overnight with a
primary monoclonal antibody (mAb) specific for a de-
fined cell phenotype: antihuman neutrophil elastase (Dako,
Trappes, France), antihuman tryptase AA1 [18], antihu-
man chymase (Chemicon, Souffelweyersheim, France),
antihuman monocytes CD68 (Dako), antihuman activated
eosinophils (EG2; Pharmacia & Upjohn, Saint-Quentin-
en-Yvelines, France), antihuman lymphocytesCD3 (Dako)
and anti-human immunoglobulin (Ig)E directed against
the Ce2 domain of the heavy chain (Immunotech, Mar-
seille, France). Control slides were treated similarly, in
one case omitting the primary mAb, and in the other
employing an unrelated antibody of the same isotype.
The streptavidin-biotin-peroxidase method was used with
amino-ethyl carbamazole (Sigma, Saint-Quentin-Falla-
vier, France) as the substrate to develop a peroxide-
dependent red colour reaction at 378C. The sections were
counterstained with Mayer's hematoxylin.

Image analysis system

Light microscopy was performed using an Optiphot
microscope (Nikon, Tokyo, Japan), with 610, 620, 640
objective lenses. Microscopic images could be simulta-
neously observed through the oculars and on the output of
the image digitizer. The images were scanned by a (charge
coupled device; CCD) XC-999P colour video camera
(Sony, Tokyo, Japan) linked to the digitizer via a phase
alternation line (PAL) connection. Each videoframe was

converted into 512651263 array of pixels scaled on 8
bits, corresponding to a surface of 180, 372 mm2. The
image processing board was inserted inside an 133 MHz
personal computer and linked to a video monitor (ADI,
Taiwan).

Cell recognition system

The image analysis system using Quancoul# software
(Quant'Image, 1997; Bordeaux, France) calculates three
independent criteria i.e., optic density (OD), hue density
(HD), hue (H) from the three primary colours i.e., red,
green and blue. OD corresponds to the black and white
view of the colour image in terms of pure illumination
normalized by the dynamic, from black (0) to white (255).
HD is an index of dilution of the observed colour, which
remains stable under different illuminations with a range of
available values, from the absence of colour (0) to full
colour (255). H is the pure dominant wavelength in the
spectral distribution of the observed colours. A colour
scale ascribes to each colour a particular value: red (0),
yellow (42), green (84), cyan (127), blue (170), magenta
(212) and red (255). Both microscope and camera were
calibrated using specific dyes (Nikkon, Tokyo, Japan) and
by the adjustment of microscope light and/or the modifi-
cation of both gain and offset of the camera. Predetermined
colours were created by the software which calculates the
values of the OD, HD, H on a set of images chosen as
representative for a mAb. Two colour masks were estab-
lished by adjustment of minimum and maximum thres-
hold values for these parameters: a restricted calibration
was defined by OD=20±100, HD=170±250 and H=180±
255 and a wide calibration by OD=20±120, HD=160±250
and H=170±255.

Morphological criteria, i.e. surface, orientation, or
width/length ratio, were defined in order to characterize
the light microscopic aspect of the cell. When requested,
these morphological criteria could be used by adjustment
of minimum and maximum threshold values. All of these
values were validated by a pathologist, i.e., the colour
mask corresponds to a typical positive staining obtained
with a defined antibody. In order to recognize different
parts of a whole cell and to count it as an entire cell, a
proximity index was established by the expert, according
to the mean size of the cells.

The use of primary colours (i.e., red, green and blue) or
the OD as criteria of analysis did not allow the dis-
crimination of a positive stain from the background signal
since histograms were limited to one mode (fig. 1a±d). By
contrast, HD and H distribution histograms allowed the
significant separation of different modes using a peak
detection algorithm [19] combined with a thresholding
technique [20] and could be successfully used for a
particular staining recognition (fig. 1e and f). Regarding
the coefficient of dispersion (COD) histogram, signifi-
cantly higher values were found for both HD and H (16.8,
10.9% respectively) than for primary colours (3.0, 4.0,
3.4% respectively) or OD (i.e., 3.4%).

The use of both HD and H combined with OD meas-
urement and morphological parameters enabled the
characterization of a coloured cell (i.e. nucleus, cytoplas-
mic and/or membrane staining), the storage of these crit-
eria, and the specific recognition of the cell by the

Table 1. ± Patient characteristics

Nonsmokers (n=6) Smokers (n=9)

Sex M/F 4/3 10/0
Age yrs 66�3.3 56�4.5
Smoking pack-yrs ± 35�5.5
FEV1 % pred 100�5.8 93�5.7
PEF25±75 % pred 76�8.4 66�7.6
sGaw % pred 155�31.1 221�54.4
TLC % pred 108�5.4 98�4.8
RV % pred 123�11.8 105�5.8
Pa,O2 mmHg 85�4.8 72�5.2

Data are presented as mean�SEM. M: male; F: female; FEV1:
forced expiratory volume in one second; FEF25±75: forced mid-
expiratory flow; sGaw: specific airway conductance; TLC: total
lung capacity; RV: residual volume; Pa,O2: arterial oxygen
tension. (1 mmHg=0.133 kPa)
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software. This automated method was applied to the
measurement of inflammatory cell infiltration of human
bronchial mucosa, and to automatically count several
phenotypes defined by their specific staining.

Automated cell count analysis

The automatic cell count was systematically applied to
adjacent sections, using two different predetermined col-
ours with a wide and a restricted calibration. The mean of
both counts was then calculated. Colocalization of cells in
adjacent sections was performed with the 610 objective
lense using a specific process. The first step consisted of
the acquisition of an image of the reference section in
which an area of interest was selected (fig. 2a). A reference
mask was then drawn using anatomical marks (e.g.,
epithelium, gland, vessel, etc.), and saved in its position.
A specific blur index, i.e., a circular zone delimited
around the cell staining, was validated by the operator, at
a diameter of 10 mm. The second step consisted of select-
ing the predetermined colour corresponding to the mAb
used on this section in order to prepare the count of posi-
tive cells on this image. When required, additional para-
meters including surface (mm2), orientation (8), width/
length ratio (%) or proximity between different parts of a
whole cell (mm), could be used to define positive staining.

In the third step, the same area of interest was localized by
the operator on the adjacent section, and superimposed on
the reference mask (fig. 2b). The image was adjusted
using several tools provided by the software (e.g., trans-
lation, rotation, inversion left/right or top/bottom). After
adjustment, the modified image corresponding to the ref-
erence mask was saved on the computer. The fourth step
was identical to the second step, i.e., the predetermined
colour corresponding to the staining of the mAb used on
this section was specifically selected. Steps three and four
could be repeated if required, with additional adjacent
sections. Step five consisted of an automated cell count
on each section, using all of the predetermined criteria.
When all of the images were processed, the final was
performed, that step consisted of the automated counting
of cells selected as positive on different serial sections,
according to the defined blur index. The results are shown
on the reference image (fig. 2c), and can be given on a
data table.

As a control, cell counts were performed using standard
light microscopy. Each specimen automatically examined
by the software was also examined in a blinded fashion by
two independent trained observers using 6200 and 6400
magnifications. Colocalization of positive staining in
adjacent sections was analysed by the same two observers,
using a manual superimposition as previously described
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Fig. 1. ± Distribution histograms of the three primary colours: a) red; b) green; c) blue compared with those of the three parameters: d) optical density; e)
hue density; and f) hue, for the same digitized image of a representative human bronchus specimen, stained with antihuman immunoglobulin E.
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[21]. Briefly, a delimited zone is projected on a white
paper sheet using a camera lucida. Positive cells are
drawn on the paper with a specific colour or using a
specific symbol. The corresponding zone on the adjacent
section is delimited by the observer and orientated to be
superimposed onto the previous one. Positive cells for the
second marker are drawn using a different colour or
symbol and compared to that previously indicated as
positive.

Automated analysis of bronchial inflammation

An automated analysis of bronchial inflammation was
performed in smoker and nonsmoker subjects. Cells
staining positively for each mAb were counted in all of
the specimens excluding alveoli. The total area examined
was calculated by delineating the area of the bronchial
section on a video interactive display system (6100 mag-
nification). A compartmental analysis was also performed
delineating bronchial epithelium, submucosa and the
smooth muscle layer. Cells counts were expressed as
number of cells.mm2 of tissue.

Statistical analysis

Regarding the three primary colours and the criteria
calculated from the numeric acquisition, the distributions
were defined by the median, corresponding to the 50th
percentile of the data set, and by the COD corresponding to
the following formula: COD=(S|xi-median| / n) / median,
where xi is the value of each data, and n the number of
data.

The reliability and validity of the automated cell count
system was analysed using the following different ap-
proaches:

1) Since cell counts were not normally distributed, the
Spearman correlation coefficient between nontransformed
cell counts was calculated for two representative micro-
scopic screens per subject, at a 6100 magnification.

2) Intraclass correlation coefficient (ICC) using log-
transformed values defined as (m.SSB-SST)/((m-1).SST)
was calculated (m is the number of observations per

subject, SSB the sum of squares between subjects and SST
the total sum of squares) [22].

3) The coefficient of variation (CV) was defined as the
standard deviation divided by the mean, was also
determined [23].

4) Finally, a Bland and Altman analysis of log-trans-
formed values was performed. Means of cell counts
between automatic and manual counts were plotted against
their differences [24]. The Pearson correlation coefficient
was calculated between means and differences of cell
counts.

Cell counts expressed as number of cells.mm2 obtained
in smokers and nonsmokers were compared using an
unpaired Wilcoxon rank test.

Results

Comparison of automated system with observer analysis

In order to validate the automatic cell count, this meas-
urement was compared with that performed by two
different trained observers using light microscopy (table 2).
In terms of absolute number of cells, there was a strong
correlation between the automated analysis and that
performed by both observers (fig. 3a). In addition, the
Bland and Altman analysis [24] did not show any
correlation between means and differences for individual
cell counts (fig. 4a, b).

Applying this method to anti-AA1/antichymase, anti-
IgE/anti-AA1 or anti-IgE/antichymase double stainings
(table 2), a strong correlation was also found between the
software and both observers (fig. 3b), without any cor-
relation between means and differences for individual cell
counts in both methods (fig. 4c, d).

In addition, the multiple series of automatic cell counts
using the same digitized images allowed the obtention of a
100% reproducibility of cell counting.

Automated analysis of bronchial inflammation

The analysis of inflammatory cell distribution within the
bronchial wall was performed using the automated cell

Fig. 2. ± Automated analysis of adjacent sections stained with different monoclonal antibodies. Digitized images from optical microscopic views of a
representative human bronchus specimen stained with: a) antihuman immunoglobulin E (IgE) de2; b) antihuman chymase; and c) antihuman IgE de2
with yellow crosses indicating anti-IgE-positive cells and green crosses indicating antichymase positive cells. Circles indicate the blur index. Internal
scale bar=100 mm.
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count system for both cell counting and examination of
adjacent sections. Results of cell counts in terms of inflam-
matory cell density are presented in table 3. The total num-
ber of inflammatory cells (i.e. neutrophils + mast cells +
macrophages + eosinophils + lymphocytes) was signifi-
cantly higher in smokers than in nonsmokers (median
values=591.6 and 392.7, respectively; p=0.02). Regard-
ing individual values for the different cell phenotypes the
difference was not statistically significant.

Automated analysis of adjacent sections was applied to
the examination of IgE bearing cells and mast cell phe-
notypes. The total number of IgE positive cells within the
bronchial wall was significantly higher in smokers than in
nonsmokers. IgE bearing cells distribution was also signi-
ficantly different between the groups since their density
was higher in submucosa and lower in epithelium of smok-
ing subjects. Protease immunostaining on adjacent sections
was analysed to describe the distribution of mast cell sub-
types (i.e. mast cells containing tryptase and chymase
termed MCTC and mast cells containing tryptase alone
termed MCT) in bronchial tissue (fig. 5). No difference
was found in the mast cell distribution within the whole
bronchial wall between smokers and nonsmokers, the
majority of mast cells being identified as MCT. The com-
partmental analysis revealed however, that smokers had a
lower density of MCTC within the epithelial layer when
compared with nonsmokers.

Discussion

This study reports a novel method suitable for analysing
cell infiltration in tissues, based upon the automated
recognition of staining colours obtained by immunohis-
tochemistry. This system enables the automatic counting of
inflammatory cells in bronchial mucosa and the identifica-
tion of different markers expressed by a single cell. Results
obtained by such a method are not different from those

Table 2. ± Correlation matrix of inflammatory cell number

Q/Obs 1 Q/Obs 2 Q/Obs 1 and 2
Cells*

Cell type r CV
%

ICC r CV
%

ICC rM CVM

%
ICC n

Isolated sections
All 0.90 35 0.89 0.84 34 0.83 0.89 34 0.88 112
NE+ 0.85 19 0.82 0.81 20 0.75 0.88 19 0.79 15
AA1+ 0.92 16 0.90 0.94 17 0.92 0.95 16 0.92 17
Chymase+ 0.92 29 0.91 0.93 29 0.92 0.94 29 0.92 17
CD68+ 0.96 23 0.94 0.96 23 0.91 0.97 23 0.94 15
EG2+ 0.73 50 0.68 0.52 42 0.49 0.68 44 0.66 15
CD3+ 0.92 32 0.85 0.85 33 0.71 0.90 32 0.82 16
de2+ 0.72 33 0.72 0.55 26 0.50 0.71 29 0.62 17

Adjacent sections
All 0.91 47 0.90 0.79 43 0.75 0.88 45 0.84 35
AA1/chymase 0.92 45 0.86 0.78 38 0.54 0.86 41 0.74 11
de2/AA1 0.95 46 0.91 0.91 45 0.84 0.94 45 0.89 12
de2/chymase 0.94 54 0.91 0.88 49 0.82 0.93 51 0.86 12

*: logarithmically transformed. Q: Quancoul image analysis; Obs: observer; M: interobserver mean; r: Pearson correlation coefficient
between Q and Obs or Q and M; CV: coefficient of variation; ICC: intraclass correlation; AA1: antimast cell tryptase; CD68: human
monocytes/macrophages; EG2: human eosinophils; CD3: human lymphocytes; de2: Antihuman immunoglobulin E.
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antimast cell tryptase (AA1) (,), antichymase (.), CD3 (h), CD68
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positive for IgE de2/AA1 (^), de2/antichymase (e), and AA1/
antichymase (s) in adjacent sections.
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obtained by two independent trained observers and can
thus be routinely collected.

Immunohistochemistry is widely used to identify cell
phenotypes and their markers in bronchial tissue. For this
purpose, immunoenzymatic staining methods are fre-
quently performed resulting in a coloured reaction which is
evaluated using light microscopy. There are numerous
advantages of immunohistochemistry over other techni-
ques such as bronchioalveolar lavage, induced sputum or
measurement of exhaled NO, to evaluate bronchial inflam-
mation: good morphology, immunoreactivity for increas-
ing number of antibodies, low cost, short procedure.
However, light microscopy analysis requires particular
attention including multiobserver analysis, blinded count-
ing, and evaluation of both inter- and intraobserver re-
producibility [25, 26]. Computerized analysis can over-
come part of these disadvantages provided that the
automated recognition system is able to accurately dis-
criminate a positive stain. In the present study, a method
of cell recognition based upon the analysis of new
criteria, i.e. HD and H combined with OD is reported. A
previous work has shown that primary colours contain not
only chromatic information but also nonchromatic data
that can contribute to the recognition of a colour [14]. It
was found that both H and HD had a multimodal pixel
distribution significantly different from that of primary
colours, allowing the discrimination of shades of colour
that can be distinguished by the eye but not by the

automated analysis of red, green or blue. The combina-
tion of H and HD with OD and morphological criteria
such as cell size and shape was used to define and
memorize a positive staining for a determined antibody,
and to further recognize cells labelled with the same
procedure. The method of colour analysis therefore
distinguishes the positive staining of a cell from a
nonspecific staining of tissue. This is due to differences in
both H and HD, which are measured by the system and
compared to the ranging values predetermined by the
operator and corresponding to high and low cut-off
points. On another hand, the use of both morphological
criteria and the proximity index allow the staining of
different poles of an elongated cell to be distinguished
from those of several adjacent cells. Such a technique
enables the automatic counting of a variety of inflam-
matory cells in bronchial tissue that has a very strong
correlation with cell counts performed by independent
observers using light microscopy. This correlation dep-
ends neither on the type of staining (i.e. membrane or
cytoplasm) nor on the primary antibody used to detect a
specific marker. In addition, this method allows the
limitation of interindividual variations once reference par-
ameters have been set up by the expert. This approach
appears to be much quicker and cheaper, particularly for
the analysis of specimens with a very high number of
cells. Previous studies have described automated systems
of cell counting based on OD analysis [13] but true colour
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analysis has scarcely been used. Blue-yellow images
obtained by filters have allowed the improvement of the
automated estimation of epithelial volume [27]. Recently,
automated colour recognition has been applied to vessels
analysis in tumours [28±30] but not to cell counting as
reported in the present study. With respect to colour
analysis, the current method takes into account one non-
chromatic criterion, i.e., OD, and two chromatic para-
meters, i.e., H and HD. The determination of H and HD
allows the characterization of a colour independently of
OD value, and thus the analysis of cell staining indep-
endently of light intensity that may vary from peripheral
to central areas or according to microscope light.

This automated system of cell recognition was also
applied to analyse adjacent sections embedded in
glycolmethacrylate, since the thickness of each slide (2
mm) allows the obtention of several cuts through a single
cell. Once detected on a determined area, positive stainings
are localized on the adjacent slides and superimposed onto
the reference section so that different markers expressed by
a single cell can be identified. In bronchial tissue, this
analysis was performed for mast cells that are known to
contain several types of protease and bear IgE molecules
on their surface. A strong correlation was found between
the automated analysis and that performed by two
independent observers, indicating that colour recognition
is a valuable tool for the detection of several markers of a
cell phenotype. Study of cell infiltration in tissues requires
not only the identification of cell phenotypes but also the
determination of intercellular ligands, markers of activa-
tion, and adhesion molecules. Double labelling procedures
allow such analysis but require a detection system that only
binds to one of the primary antibodies and that ensures
adequate colour discrimination. For this purpose, the
fluorescence technique can be applied to snap-frozen
sections using red and green fluorochromes that turn to a
yellow stain when cells are double labelled. Colour re-
cognition has already been successfully used to detect such
positive staining [14] but morphology is poorly visualized

using this technique without phase contrast. On the other
hand, fluorochromes are generally short-lived, making
the photographic recording of the results a necessity. In
this respect, procedures including examination of adja-
cent sections are easier to control provided that an
automated system of cell recognition is used to analyse
cell markers, the number of which will only be limited by
the size of the cell.

In the present study this automated system of cell
recognition was applied to the evaluation of inflammatory
cell infiltration of bronchial mucosa. For this purpose,
bronchial specimens that were obtained at thoracotomy
from subjects with a history of cigarette smoking were
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Fig. 5. ± Distribution of mast cells containing tryptase (MCT, h) and
mast cells containing tryptase and chymase (MCTC, u) in bronchial
specimens from nonsmokers (n=5) and smokers (n=6). Results are
expressed as mean�SEM percentage for mast cells in the whole bronchial
wall (W), and within the epithelial (E), submucosal (S) or smooth
muscle (M) layers. The total number of each cell phenotype has been
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Table 3. ± Automated cell counts in human distal bronchi

Cell type

Total
Epithelium Submucosa Smooth muscle layer

Cells.mm-2 Cells.mm-2 % Cells.mm-2 % Cells.mm-2 %

Nonsmokers
NE+ 90.9 (32.2±119.4) 14.7 4.7 128.3 66.5 45.4 23.2
AA1+ 51.3 (23.3±125.6) 9.7 1.5 100.5 47.9 58.7 51.4
Chymase+ 32.9 (19.3±119.1) 10.6 3.5 48.8 26.0 36.1 59.4
CD68+ 150.8 (21.7±249.5) 103.0 11.5 263.9 47.7 81.8 36.5
EG2+ 42.2 (7.4±68.1) 2.5 2.8 49.3 33.2 34.6 60.3
CD3+ 42.8 (21.6±104.1) 44.5 12.2 46.6 51.3 47.4 36.1
de2+ 27.1 (4.5±61.4) 47.1 19.0* 29.7 40.9* 15.2 35.9

Smokers
NE+ 72.6 (54.1±170.1) 28.5 3.1 167.1 54.9 30.4 30.5
AA1+ 86.7 (59.2±131.9) 31.5 4.9 106.0 49.3 62.5 50.7
Chymase+ 70.3 (27.4±109.2) 0.0 0.0 89.0 56.8 43.1 43.2
CD68+ 149.9 (44.3±250.4) 161.8 6.8 171.5 63.9 90.6 24.0
EG2+ 43.6 (20.4±138.2) 12.8 1.3 63.0 52.6 29.9 35.7
CD3+ 76.3 (45.4±193.6) 113.5 16.6 147.6 59.5 37.2 14.6
de2+ 60.5 (15.8±100.4) 4 68.1 4.2* 69.3 69.6* 42.4 30.4

Values are medians with 95% confidence limits in parentheses. *: p<0.05, smokers versus nonsmokers (Wilcoxon test). For definitions
of abbreviations, see table 2.
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investigated. Several studies have provided strong evi-
dence that smokers develop a bronchial inflammatory
process composed predominantly of neutrophils, macro-
phages and lymphocytes [5±7]. Patients involved in the
current study had cellular infiltration of bronchial mucosa
similar to that previously described for smokers suffering
from chronic bronchitis without airflow limitation [5].
Nevertheless, in terms of cell phenotypes, significant
differences were not found between the number of
macrophages, neutrophils or T-lymphocytes in smoker's
bronchial mucosa and that measured in nonsmokers. The
absence of a clear difference between the two groups
may be related to the slight airflow limitation found in
smoking subjects who participated in the study. It also
should be noted that bronchi analysed in the present work
were peripheral airways for which it has been recently
demonstrated that CD8 T-lymphocytes, but not macro-
phages or neutrophils, are associated with symptoms of
chronic bronchitis and airflow limitation [11]. Using the
automated analysis of adjacent sections, IgE positive cells
that might be involved in smoking-induced airway
inflammation were also investigated. It was found that
smokers had a significantly higher number of cells bear-
ing the IgE molecule than nonsmokers. This finding may
be due, in part, to the increase in mast cell number and, in
part, to the increase in T-lymphocytes, both phenotypes
having the ability to bear IgE [16]. Several studies have
ascribed a role to mast cells in COPD [10, 31] although
the total number of mast cells within the airway wall does
not appear to be related to airway obstruction [5, 6].
However, different authors have observed an increase in
the number of mast cells located in airway epithelium
exposed to cigarette smoking [31, 32]. In addition, the
concentration of tryptase, the main mast cell-derived pro-
tease, can be elevated in smoker's bronchoalveolar lavage
fluid [33]. In the current study, a significant increase in
epithelial mast cell numbers of MCT subtype was not
found in the smokers group.

In the present report the bronchial inflammation of lung
specimens obtained at thoracotomy from smokers and
nonsmokers has been examined with an automated method
of cell analysis based upon the evaluation of new criteria of
colour recognition suitable for cell quantification. The
results indicate that this method is valuable for easily
assessing inflammation in airways and for analysing the
expression of different markers by a single cell in bronchial
tissue.
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