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Sputum T lymphocytes in asthma, COPD and healthy
subjects have the phenotype of activated intraepithelial T
cells (CD69+ CD103+)
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Background: T cells of intraepithelial phenotype have previously been detected in bronchoalveolar
lavage (BAL) fluid in a range of lung diseases; these cells express the adhesion molecule αEβ7 integrin,
CD103, the ligand for epithelial cell E-cadherin. In subjects with asthma CD4+ lymphocytes are the
predominant T cell subtype found in bronchial biopsy specimens and in BAL fluid, whereas CD8+ lym-
phocytes have been shown to predominate in subjects with chronic obstructive pulmonary disease
(COPD). The aim of this study was to analyse the expression of CD103, activation markers (CD25 and
CD69), and chemokine receptors (CXCR3, CCR5 and CCR3) on CD4+ and CD8+ lymphocytes from
sputum and peripheral blood of subjects with asthma, COPD, and healthy controls.
Methods: T cell surface markers were assessed by immunofluorescence labelling and flow cytometry
of gated lymphocytes among CD45+ leucocytes in sputum cell suspensions.
Results: Sputum lymphocytes expressed higher levels of CD103 and CD69 than blood lymphocytes in
all subject groups, with CD103 expressed at higher levels on CD8+ than on CD4+ cells. There were
no detectable differences in numbers of CD4+ and CD8+ T cells between subjects with asthma, COPD
and controls. The percentage of sputum lymphocytes expressing CXCR3 was lower in subjects with
asthma or COPD than in healthy controls; CCR3 was not detectable on sputum or blood lymphocytes.
Conclusions: Sputum T lymphocytes are predominantly of activated intraepithelial phenotype
(CD103+ CD69+), and normal numbers of CD4+ and CD8+ T cell populations are found in the spu-
tum of patients with asthma and COPD.

Asthma and chronic obstructive pulmonary disease
(COPD) are both obstructive airway disorders, but
differing types of inflammation are involved in the

pathogenesis of these distinct lung diseases. Asthma is
frequently an allergic process with a preponderance of CD4+
T helper type 2 (Th2) cells and eosinophils in the airways.1 2 In
contrast, following long term cigarette smoking and the
development of COPD, there are excess numbers of CD8+ T
cytotoxic cells, neutrophils, and macrophages in the
airways,3 4 as well as predominant Th1 activity in blood.5 These
differences in T cell populations have been largely documented
in studies using mucosal biopsy specimens and broncho-
alveolar lavage (BAL) fluid, while there are relatively few
studies on T cells in sputum.

Following the inhalation of nebulised hypertonic saline,
sputum can be expectorated by the majority of healthy “nor-
mal” subjects as well as patients with lung disease.6 Sputum
induction is a relatively non-invasive means of obtaining
tissue derived cells and, following liquefaction with dithioth-
reitol (DTT), light microscopy of cytospin samples has been
shown to be reliable and reproducible. Flow cytometry has
been used in the determination of surface markers on
eosinophils7 and neutrophils.8 Although sputum lymphocytes
represent only up to 2% of the leucocytes in sputum, flow
cytometry studies have shown that there is an excess of CD4+
T cells in asthma,9–11 and an increase in B cells has also been
described.12

Increased percentages of peripheral blood lymphocytes
expressing CD25 (interleukin-2 receptor (IL-2R) β-chain or
CD25) are found in patients with acute severe asthma.13 Fur-
thermore, increased percentages of CD4+ cells expressing
CD2512 and intracellular adhesion molecule 1 (ICAM-1)9 have
been detected by flow cytometry of sputum samples from
patients with asthma. It has recently been shown that CD25 is

expressed more highly on peripheral blood than on BAL lym-

phocytes, whereas the opposite was found for CD69.14 It has

been suggested that CD25 is a marker of T cell proliferation

rather than activation per se, while CD69 may be a better

marker of activation.15 CD69 can be induced on many different

cells including T cells, macrophages, eosinophils, and

neutrophils.16

Th1 and Th2 cells are thought to differ in their expression of

chemokine receptors. In studies on T cell lines there is

evidence to suggest that Th2 type cells express CCR3, CCR4

and CCR8, while CXCR3 and CCR5 may be expressed

preferentially by Th1 type cells.17 18 As a consequence of this

differential expression of chemokine receptors, possibly com-

bined with variations in adhesion molecule expression,19 20 Th1

and Th2 cells may be selectively recruited to the airways in

COPD and asthma, respectively.

Sputum T cells have generally migrated through the respi-

ratory epithelium and have the potential to express adhesion

molecules that reflect this prior interaction with epithelial

cells. The intraepithelial lymphocyte (IEL) adhesion molecule

CD103 (or αEβ7 integrin) binds to E-cadherin on epithelial

cells.21 Epithelial cells produce transforming growth factor β
(TGF-β) that promotes expression of lymphocyte αEβ7 and the

long term survival of IELs that may function as a pool of

memory cells primed to respond rapidly to antigens,22

although αE is not associated with mucosa specific homing of

lymphocytes.23 Significant upregulation of αEβ7 has been found

predominantly on BAL CD8+ T cells in allergic asthma and

other lung diseases,24 as well as in healthy volunteers.25

We have used immunofluorescence labelling and flow cyto-

metry to assess T lymphocyte surface markers in sputum from

patients with asthma and COPD. In particular, we aimed to
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identify CD4+ and CD8+ lymphocytes and assess the expres-

sion of surface markers of activation (CD25, CD69), chemo-

kine receptors (CXCR3, CCR3, and CCR5), and adhesion mol-

ecules (CD103) to establish the phenotype of sputum T cells in

terms of Th1 or Th2, cytotoxic and intraepithelial populations.

METHODS
Study populations
Six healthy non-smoking subjects with normal lung function

and no history of atopy and eight non-smoking patients with

mild allergic asthma treated with β2 agonists were included in

the study. The subjects with asthma had symptoms requiring

a β2 agonist no more frequently than every two days, and all of

them had a histamine PC20 <2.5 mg/ml (table 1). In addition,

seven patients with a history of >20 pack years cigarette

smoking, air flow limitation that was not fully reversible as

defined by recent Global Obstructive Lung Disease (GOLD)

criteria (post-bronchodilator forced expiratory volume in 1

second (FEV1) <80% with a post-bronchodilator ratio of FEV1

to forced vital capacity (FVC) of <70%) were recruited

prospectively into the study. All seven patients with COPD had

improvement in FEV1 of <12% following inhalation of

salbutamol on the date of sputum induction and blood

sampling. None of the subjects in any of the groups had a viral

infection in the two weeks before sputum induction. Patients

were asked to withhold bronchodilator therapy for at least 8

hours before sputum induction.

All subjects gave written informed consent for participation

and the study was approved by the ethics committee of the

Royal Brompton and Harefield Hospital National Health Serv-

ice Trust.

Sputum induction
Before sputum induction all patients inhaled salbutamol

(200 µg) via a metered dose inhaler. Baseline FEV1 was

measured and this was repeated following salbutamol and

after each 5 minute inhalation of nebulised hypertonic saline

(3.5%). The procedure was stopped if the FEV1 fell by >10%

following saline or by >20% at any time during the induction

procedure.

Sputum processing
Solid sputum material was separated from saliva before

processing.9 Briefly, selected sputum was weighed and 0.1%

DTT (Sigma-Aldrich, Poole, UK) in phosphate buffered saline

(PBS) was added at a ratio of 4 ml to 1 g sputum. The sputum

was incubated with DTT at room temperature for 15 minutes

on a rolling mixer. The same volume (4 ml to 1 g sputum) of

PBS was added to the sputum and then filtered through

48 µm nylon gauze. The filtrate was centrifuged at 400g (Sor-

vall RT6000D, Kendro, Bishop’s Stortford, UK) for 10 minutes

at 4°C to pellet cells. The cells were resuspended in PBS

containing 0.1% bovine serum albumin (BSA). The viability of

the sample was determined by trypan blue exclusion staining

(Sigma-Aldrich) in a Neubauer haemocytometer (Merck

Eurolabs, Lutterworth, UK). Cytospins of sputum cells that

were used for determination of differential cell counts were

fixed with methanol and stained with May-Grunwald-Giemsa

stain (Merck-Eurolabs).

Flow cytometry of sputum cells
Sputum cells were washed in Dulbecco’s PBS containing 0.1%

sodium azide (Sigma-Aldrich) and 0.4% BSA (Sigma-Aldrich)

(PAB) and centrifuged at 400g. The cells were resuspended in

PAB at 2 × 106 cells/ml. For each test, sputum cell suspension

(90 µl) was incubated with antibody (5 µl) for 45 minutes at

4°C in the dark. Cells were then washed with PAB,

resuspended in CellFix (Becton Dickinson, Cowley, UK) and

subsequently analysed using a FACSCalibur flow cytometer

(Becton Dickinson). Up to 70 000 total events were collected

per sample. The lymphocyte population was then delineated

on their physical characteristics in a region according to their

characteristic forward scatter (FSC) and side scatter (SSC)

profile.

All sputum cell samples were stained with a PE-Cy5 conju-

gated anti-human CD45 monoclonal antibody (Dako, Ely, UK)

to exclude, by logical gating, all non-leucocyte events in each

test. To obtain a CD4+:CD8+ ratio, cells were stained with

fluorescein isothiocyanate (FITC) conjugated anti-human

CD4 and phycoerythrin (PE) conjugated anti-human CD8 in

the same test tube. To assess surface marker expression sam-

ples were incubated with either FITC conjugated anti-human

CD69, FITC conjugated anti-human CD103 (Dako), FITC con-

jugated anti-human CXCR3, FITC conjugated anti-human

CCR3 (R&D Systems, Abingdon, UK), or PE conjugated anti-

human CCR5 (Pharmingen, San Diego, USA) in combination

with either FITC or PE conjugated anti-human CD4 or

anti-human CD8. PE or FITC conjugated matched isotype

antibodies served as controls. The number of positive cells for

each surface marker was expressed as a percentage of the

CD4+ or CD8+ positive cells.

Flow cytometry of whole blood
Fresh whole blood (90 µl in EDTA) was incubated with 5 µl of

each antibody for 45 minutes at 4°C in the dark. The sputum

antibody staining strategy was also used for blood cells, with

the exception that the anti-human CD45 monoclonal anti-

body was not used. Erythrocytes were lysed using 2 ml FACS-

lyse (Becton Dickinson) for 20 minutes and washed in PAB.

Lymphocyte events were gated on the characteristic FSC and

SCC only. For each test, 100 000 total events were collected.

Data analysis
Flow cytometry data were acquired and analysed using

CellQuest Software (Becton Dickinson). The significance of

the difference between blood and sputum was tested using a

Table 1 Clinical characteristics of study subjects

Healthy non-atopic
controls (n=6) Asthma (n=8) COPD (n=7)

Age (years) 31.1 (1.2) 30.9 (2.2) 63.1 (4.2)
Sex (F/M) 4/2 5/3 0/8
FEV1 (% predicted) 96.6 (4.1) 90.8 (4.5) 55.1 (5.9)
PC20 (mg/ml) N/A 1.4 (0.5) N/A
Current smokers (%) 0.0 0.0 62.5
Pack years 0.0 0.0 52.6 (5.3)
FEV1/FVC ratio 77.8 (3.6) 87.7 (3.3) 55.5 (5.9)
Drugs Nil β2 agonist ×1/week 3 nil, 1 β2 agonist only, 3 on

>400 µg BDP

Results expressed as mean (SE).
FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; PC20=concentration provoking a fall
in FEV1 of 20% or more; N/A=not applicable.
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Wilcoxon signed rank test, and the differences between the

groups were compared using a Wilcoxon rank sum test. A

value of p<0.05 was considered significant.

RESULTS
There were significant differences in the percentages of

sputum neutrophils (p=0.045), macrophages (p=0.032), and

eosinophils (p=0.044) as assessed by light microscopy

between patients with COPD and healthy non-atopic controls

(table 2). The percentages of neutrophils and eosinophils were

both increased and the percentages of macrophages were

decreased in subjects with COPD compared with healthy con-

trols. There were no significant differences in the percentages

of any of the sputum cell types between subjects with asthma

and healthy controls. The subjects with COPD were moderate

to severe, while the patients with asthma were very mild. The

mild severity of the asthmatic subjects may account for the

lack of difference in the sputum cell differentials between the

healthy controls and the asthma group. In all subjects the cell

viability exceeded 80%. Successful sputum induction was

achieved in all patients.

Representative flow analysis plots and histograms of

CD4:CD8 staining of sputum lymphocytes, CXCR3 staining of

CD4+ blood cells, and CD69 and CD103 staining in CD8+

sputum cells are shown in fig 1.

There were no significant differences in the CD4+:CD8+

ratio in sputum between the three subject groups, nor were

there any differences in the percentages of blood or sputum

CD4+ or CD8+ lymphocytes between the groups (table 2). In

normal control subjects and patients with asthma there was a

significantly higher CD4+:CD8+ ratio in sputum than in

blood (healthy controls p=0.007; asthma patients p=0.005).

There was no such increase in the CD4:CD8 ratio in sputum

compared with blood in patients with COPD.

In the study to assess the effects of DTT on cell markers, no

differences were seen in staining of any of the cell surface

markers (CXCR3, CCR5, CCR3, CD69 or CD103) on either

CD4+ or CD8+ cells between samples pretreated with DTT

and those treated with buffer alone (table 3).

Table 2 Differential cell counts (cytospins) and
lymphocyte profiles (flow cytometry) in induced sputum

Healthy
controls (n=6)

Asthma
(n=8)

COPD
(n=7)

Cytospins
Total cells (106) 27.19 (20.90) 13.75 (2.60) 52.78 (17.78)
Macrophages (%) 55.17 (9.80) 30.87 (12.74) 25.41 (4.52)
Neutrophils (%) 44.10 (9.88) 67.40 (11.98) 70.86 (3.84)
Eosinophils (%) 0.43 (0.21) 1.37 (0.42) 3.59 (1.59)
Lymphocytes (%) 0.30 (0.10) 0.36 (0.21) 0.15 (0.10)

Flow cytometry
CD4 lymphocytes (%) 2.01 (1.32) 1.55 (0.75) 0.97 (0.30)
CD8 lymphocytes (%) 0.42 (0.15) 0.28 (0.11) 0.38 (0.14)
CD4:CD8 ratio 4.90 (1.58) 5.49 (1.16) 2.79 (0.96)

Results are expressed as mean (SE).

Figure 1 Representative plot and histograms showing (A) CD8 (FITC) and CD4 (PE) staining of sputum lymphocytes among a population of
CD45+ cells gated on physical characteristics; (B) CXCR3 staining of CD4+ lymphocytes in blood, (C) CD69 staining of CD8+ lymphocytes in
sputum, and (D) CD103 staining of CD8+ lymphocytes in sputum.
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In sputum the percentage of CD8+ lymphocytes from sub-

jects with COPD expressing CD69 (60.3% (95% CI 38.8 to 82.4)

was significantly lower than from healthy subjects (84.4%

(95% CI 69.6 to 93.8), p=0.029) and subjects with asthma

(85.6% (95% CI 75.0 to 92.2), p=0.010). CD8+ lymphocytes in

the asthma and healthy control groups had higher percent-

ages of CD69 expression than CD4+ cells. In the COPD group

the percentages of sputum CD4+ and CD8+ lymphocytes

expressing CD69 were similar. In all groups there were higher

percentages of both sputum CD4+ and CD8+ cells expressing

CD69 than peripheral blood lymphocytes (CD4+: healthy

control group, p=0.008; asthma, p<0.001; COPD, p=0.002;

CD8+: healthy control group, p<0.001; asthma, p<0.001;

COPD, p=0.001; fig 2A).

The expression of CD25 was only assessed in subjects with

COPD. The percentages of both CD4+ and CD8+ lymphocytes

expressing CD25 were lower than CD69 in the sputum

samples (fig 3). The percentage expression of CD25 was

significantly greater for CD4+ sputum lymphocytes than for

CD4+ lymphocytes in peripheral blood (p<0.04). There was

no difference in the expression of CD25 on CD8+ cells from

blood and sputum.

Table 3 The effects of dithiothreitol (DTT) on percentage of sputum lymphocytes
(CD4+ and CD8+) expressing CXCR3, CCR5, CCR3, CD69 and CD103

CD4+ CD8+

No DTT (%) DTT (%) p value No DTT (%) DTT (%) p value

CXCR3 35.1 (1.7) 39.5 (6.2) NS 47.2 (6.1) 46.9 (6.1) NS
CCR5 12.4 (0.9) 16.0 (4.0) NS 31.4 (11.1) 31.8 (10.6) NS
CCR3 1.0 (0.2) 1.2 (0.5) NS 1.6 (0.9) 4.4 (2.7) NS
CD69 2.5 (0.6) 3.4 (0.8) NS 5.6 (1.0) 5.2 (0.4) NS
CD103 1.2 (0.2) 1.4 (0.1) NS 3.2 (0.9) 3.3 (0.9) NS

Results expressed as mean (SE); n=4.
NS=non-significant.

Figure 2 Blood and sputum CD4+ and CD8+ lymphocyte expression of surface markers. (A) CD69, (B) CD103 and (C) CXCR3 in peripheral
blood and in sputum cell suspensions from subjects with asthma (triangles), COPD (circles), and healthy controls (squares). The median value of
each dataset is represented by a horizontal bar. *p<0.05; **p<0.01.
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In sputum the percentage of cells expressing IEL marker
αEβ7, CD103, was higher for CD8+ cells than for CD4+ cells in
all groups. The percentages of CD8+ sputum lymphocytes that
expressed CD103 was significantly lower in subjects with
COPD than in the normal control group (p=0.028). In all sub-
ject groups there was a higher percentage of CD8+
lymphocytes expressing CD103 in sputum than in blood
(healthy control group, p=0.003; asthma, p<0.001; COPD,
p=0.009). The same increase in the percentage of CD4+ lym-
phocytes that expressed CD103 in sputum compared with
blood was observed for the healthy control group (p=0.016)
and the COPD group (p=0.015; fig 2B).

The percentage expression of both CD4+ and CD8+
lymphocytes expressing CXCR3 was reduced in the sputum of
subjects with COPD (CD4+ cells: 7.0% (95% CI 5.7 to 13.3),
CD8+ cells: 10.9% (95% CI 0.7 to 35.5) compared with the
healthy control group (CD4+ cells: 40.8% (95% CI 31.9 to
59.6), p=0.009; CD8+ cells: 39.3% (95% CI 21.7 to 57.3),
p=0.018). In addition, the percentage of CD4+ lymphocytes
expressing CXCR3 in sputum from subjects with asthma was
significantly lower than in normal subjects (asthma 20.4%
(95% CI 4.6 to 23.8); normal 40.8% (95% CI 31.9 to 59.6),
p=0.028). The percentage of both CD4+ and CD8+ lym-
phocytes expressing CXCR3 was lower in sputum than in
blood from patients with asthma (CD4; p=0.003; CD8
p=0.002); this was also found for CD8+ lymphocytes in sub-
jects with COPD (p=0.005; fig 2C). However, there was no sig-
nificant difference between the percentages of either CD4+ or
CD8+ lymphocytes in sputum and peripheral blood express-
ing CXCR3 in the healthy control group.

In all groups CD4+ and CD8+ cells expressed CCR5 in both
blood and sputum, but there were no significant differences
between the groups (data not shown). The expression of the
Th2 chemokine receptor CCR3 was negligible and was not
increased on CD4+ or CD8+ T lymphocytes in the sputum or
blood from asthmatic subjects compared with the normal
group (data not shown).

DISCUSSION
This study shows that in subjects with asthma, COPD and in

healthy controls, sputum T cells have the phenotype of

intraepithelial lymphocytes (IELs) in expressing αEβ7 integrin

(CD103). These sputum IEL-type cells may be long lived

memory T cells and may be distinct from the CD4+ and CD8+

T cells seen in bronchial mucosal biopsy specimens from

patients with asthma and COPD. Indeed, in terms of αEβ7, spu-

tum T cells resemble intraepithelial and BAL T cells, but may

be a differing population from subepithelial tissue T cells.

These cells may function as long term memory cells in allergic

responses,26 27 as well as in immune responses to

mycobacteria.28 It has been shown that BAL CD8+ lym-

phocytes and, to a lesser extent, CD4+ lymphocytes, but not

blood lymphocytes, have significant expression of αEβ7.
25 The

increased CD103 expression on sputum CD8+ cells compared

with CD4+ cells is in accordance with other reports.29 30

T cells in sputum from patients with COPD, but not those
with asthma, showed reduced levels of CD69, CXCR3, and
CD103 expression on CD8+ cells compared with normal spu-
tum. The downregulation of these receptors may relate to a
loss of them during activation, chemotaxis, and homing of T
cells. Inflammation may contribute to this shedding since
tumour necrosis factor α (TNF-α) has been shown to cause a
downregulation of CXCR2 in human neutrophils.31 Further-
more, the subjects with COPD used in this study were moder-
ate to severe, while the patients with asthma were very mild
requiring inhaled β2 agonist only once per week on average.
These differences in severity may account for the discrepancy
in the two patient groups. The differences observed between
the surface marker expression of the T lymphocytes from sub-
jects with COPD and those from healthy controls and subjects
with asthma may be attributed to the inflammation associated
with COPD. However, the effect on these results of the
increased age of the COPD subjects compared with the healthy
control subjects and those with asthma cannot be excluded. It
has been reported that there are increased percentages of
CD8+ cells in bronchial tissue of patients with COPD32 33 as
well as Th1 activity in blood.5 However, although we
investigated COPD patients with a similar disease severity, we
did not observe an increased percentage of CD8+ lymphocytes
or a decrease in the CD4+:CD8+ ratio in the sputum of these
subjects. Induced sputum cells predominantly come from the
upper and middle airways,11 while lavage represents cells from
the bronchoalveolar compartment. Furthermore, CD8+ cells
in the lung parenchyma may be localised by adhesion
molecules and chemokines, and may not be discharged to the
sputum compartment.

We have shown that the percentage of CD8+ cells express-
ing CD69 was higher than that of the CD4+ cells in the
healthy controls and in those with asthma in both peripheral
blood and sputum. One possible explanation for this is that
CD8+ cells may be preferentially activated. Indeed, there is
some recent evidence to suggest that CD8+ cells are function-
ally active in cultured whole blood from patients with asthma,
with increased production of interferon γ.34 We found negligi-
ble expression of the purported Th2 chemokine receptor CCR3
on sputum lymphocytes from any of the subjects tested. It has
also recently been shown by immunohistochemistry that T
lymphocytes in the bronchial mucosa of allergic asthmatic
subjects did not express CCR3.35 In support of these findings,
recent evidence now questions the relationship between
chemokine receptor expression and phenotype of T cells. The
expression of chemokine receptors has been analysed
previously using cell lines and clones which have been polar-
ised by mitogens and cytokines. IL-2, for example, has been
shown to cause the preferential expression of CXCR3 and
CCR5.36 It is therefore possible that the conditions in which
cells are cultured can influence their cell surface molecule
expression and phenotype. Isolated peripheral blood mono-
nuclear cells from patients with atopic dermatitis have been
shown to express CCR4 more highly and CXCR3 to a reduced
level than normal subjects, but no differences were found in
CCR3 or CCR5 expression.37 In contrast, a recent report has

Figure 3 Blood and sputum CD4+ and CD8+ lymphocyte
expression of CD25 and CD69 in subjects with COPD. CD4/CD25
or CD8/CD25 (squares); CD4/CD69, CD8/CD69 (triangles);
CD4/CD25 and CD8/CD25 (inverted triangles); CD4/CD69 and
CD8/CD69 (diamonds). The median value of each dataset is
represented by a horizontal bar. *p<0.05.
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shown that, in memory T cells (CD4+, CD45RO+), there were

no significant differences between the expression of chemo-

kine receptors CXCR3, CXCR4, CCR3 and CCR5 in cells

expressing Th1 versus Th2 cytokines.38

CCR3 and other Th2 type chemokine receptors may be

transiently expressed on T cells. For instance, CCR3 expression

can be downregulated within 6 hours of stimulation of the T

cell receptor (TCR).39 In addition, inflammatory cytokines

such as TGF-β can inhibit CCR3 expression in Th2 polarised

cells.17 CCR3 may therefore not be a good marker of T cell

polarisation in vivo. Furthermore, chemokine receptor expres-

sion is a dynamic feature of Th1 and Th2 cells in vivo and

therefore may not be adequate surrogate markers of these cell

types.33 However, the subjects in the asthmatic group did not

have significantly increased numbers of sputum eosinophils

compared with the healthy control group. This is probably

because the patients had mild intermittent asthma; more

severe disease would have more eosinophils.40

The possibility that the procedure of sputum processing

may have caused a reduction in the amount of chemokine

receptor expression was assessed by adding the same concen-

tration of DTT as used in the sputum processing protocol to

whole blood from four non-atopic subjects. There is evidence

to suggest that anti-oxidants downregulate both CCR2 and

CCR5 on human monocytes,41 and the possibility exists that

the use of DTT may lead to the downregulation of the cell sur-

face receptors examined in our study. We found no evidence of

differential receptor expression in whole blood treated with

and without DTT, suggesting that the low levels of expression

of some of the chemokine receptors in sputum could not be

attributed to the effects of DTT. Other studies have also shown

that DTT has no effect on the expression of certain surface

markers on sputum cells.42

We have shown that it is possible to analyse mixed cell

populations in sputum samples for lymphocyte cell surface

markers, including an activation marker, an intraepithelial

adhesion molecule, and three chemokine receptors. In this

preliminary study we have not been able to demonstrate

convincing imbalances in CD4, CD8, Th1, or Th2 populations

in asthma or COPD. However, chemokine receptor expression

may vary rapidly on activation, and may not be specific in

terms of CD4+/CD8+ or Th1/Th2 populations. In contrast,

CD69 and CD103 were found to be useful as markers of

activated sputum intraepithelial lymphocytes. Further stud-

ies are required on the function of IELs and T cell subpopula-

tions in different compartments of the lung in health and

disease.
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LUNG ALERT .....................................................................................................
The difficulty in diagnosis of pulmonary embolism
m Chagnon I, Bounameaux H, Aujesky D, et al. Comparison of two clinical prediction rules and implicit assessment
among patients with suspected pulmonary embolism. Am J Med 2002;113:337–8

Two methods of assessing the pre-test probability of pulmonary embolism (PE) are compared in this
paper. The Well’s score is an established “prediction rule” based on six clinical parameters while the
“Geneva score” uses only objective measurements such as age and arterial oxygen tension to assess

pre-test risk, both systems attributing patients to low, medium, or high risk groups. However, when clini-
cal judgement disagreed with the objective Geneva score, a third diagnostic strategy—the “Geneva rule
with clinical override”—was invoked. Two hundred and seventy seven patients admitted with suspected
PE were assessed using the two scoring systems and the diagnosis of PE was made by a combination of
D-dimer, venous ultrasonography, helical CT scanning, and pulmonary angiography with a positive diag-
nosis in 77 cases. The Geneva score overridden by implicit clinical evaluation performed significantly bet-
ter than either score alone.

Despite developments in diagnostic methodology, the effective diagnosis of PE remains reliant upon
the clinical skills of the attending physician.
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