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T-cell dominated Inflammatory reactions in the bronchi of 
asthmatics are not reflected in matched 

bronchoalveolar lavage specimens 
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T-cell dominated inflammatory reactions in the bronchi of asthmatics are not re­
flected in matched bronchoalveolar lavage specimens. L. W. Poulter, A. Norris, 
C. Power, A. Condez, B. Schmekel, C. Burke. 
ABSTRACT: Samples of bronchoalveolar lavage (BAL) and endobronchial bi­
opsies were obtained from five patients with cllnlcally diagnosed asthma (ATS 
criteria). A comparison was made of the presence and distribution of 
Immunocompetent lymphocytes and macrophages within each sample. 

Significantly raised numbers of T lymphocytes, CD4SR0+ lymphocytes, 
RFDl+ macrophage-like cells and RFD7+ macrophages were seen In the bron­
chial biopsies. In contrast four out of five of the BAL specimens showed a 
normal differential cell count, the one exception being a patient exhibiting a 
degree of lymphocytosis. Further, immunocytologlcal investigation demon­
strated a normal distribution ofT-cell subsets and macrophage subsets in asth· 
matic BAL with the exception that In four out of five of these patients a raised 
number of macrophage-llke cells exhibiting phenotyplc markers of monocytes 
was observed. Correlation between BAL and biopsy data was seen In the 
number of CD4SRO+ T-cells present. No other parameters exhibited a signifi­
cant correlation. 

Raised expression of HLA-DR was recorded in all asthmatic biopsies, yet lav­
age cells from the same patients failed to exhibit any Increase of HLA-DR den­
sity over normal. It Is concluded that the immune-associated Inflammation 
present In endobronchial biopsies of cllnlcally stable asthmatics Is not reflected 
in bronchoalveolar lavage samples taken from the same patients. 
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Previous histological and electron microscopic 
studies of the bronchial wall in asthmatics has revealed 
the presence of a chronic inflammatory reaction 
dominated by mononuclear cells [1, 2]. This inflam­
matory infiltrat~ has been shown to be present in sta­
ble asthmatics [3, 4). Immunohistological investigation 
of biopsy specimens from the bronchial wall of asth­
matics has revealed that this inflammatory response is 
dominated by T-lymphocytes many of which exhibit 
the phenotype of immunologically activated cells [5]. 
Macrophage-like cells with the phenotype of antigen 
presenting cells are also present and the immuno­
pathology is further characterized by strong expression 
of HLA-DR molecules both by the inflammatory cells 
and the lining epithelial cells of the bronchi [5]. 
Together, these features are indicative of a Type IV 
hypersensitivity response as seen in other chronic 
inflammatory diseases [6-8]. 

produce increased levels of eosinophil chemotactic fac­
tor [9) and exhibit markers of immunological activa­
tion [10]. Secondly, it has been demonstrated that IgE 
production is controlled by T -cells and that regulation 
of this mechanism may be aberrant in asthmatics [11). 
Thirdly, there is now evidence that antigen-specific T­
cell factors are capable of activating mast cells and 
causing the release of vasoactive amines [12]. 

The possibility that T-lymphocytes play a central 
role in the pathogenesis of asthma is supported by 
three lines of evidence. Firstly, T-cells isolated from 
asthmatic patients have been shown spontaneously to 

Together these observations promote the hypothesis 
that the T -cell dominated inflammatory reaction 
identified in the bronchial walls of asymptomatic asth­
matics may represent the cause of the bronchial 
hyperreactivity characteristic of these patients, being 
the "fertile ground" which predisposes asthmatics to 
pathologic immediate type allergic reactions [5]. Our 
understanding of the pathogenesis of other chronic 
inflammatory lung disease has been considerably 
enhanced by study of cells obtained through 
bronchoalveolar lavage [13, 14). Indeed, it is accepted 
that in the case of interstitial lung disease the cellular 
constituents of lavage reflect the cells present in the 
tissues [15, 16]. 
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This paper reports the results of a pilot study on 5 
asthmatic patients where matched bronchoalveolar 
lavage (BAL) and biopsy were obtained. The aim was 
to determine whether BAL immunocytology reflected 
the immunopathology of the bronchi and thus offered 
a less invasive approach with which to analyse this 
inflammatory reaction. 

Materials and methods 

Patients and controls 

Five patients, 3 male, 2 female, all with diagnosed 
asthma (ATS criteria) and with a history of atopy to 
common environmental allergens (prick test positive), 
were recruited. All were symptomatically controlled 
at the time of study and for the 2 months prior. Data 
on physiology and medication is given in table 1. 
Although there was a variability in treatment, with 
three patients of the group requiring inhaled steroids 
to maintain symptomatic control, no consistant differ­
ence in the results was observed that suggested related 
variability in immunopathology. Two patients had a 
history of smoking (Nos 2 and 3). 

Five control samples of bronchial tissue were ob­
tained from patients attending clinics for investigation 
of persistent cough or acute respiratory tract infection. 
None had a history of asthma or atopy. As control 
data for BAL studies, the results of BAL from 10 nor­
mal healthy volunteers with no history of lung disease 
and no respiratory tract infection in the two months 
prior to lavage were used for comparison. These were 
historic controls taken from a series of over 40 lavages 
performed on normal volunteers for other studies [17, 
18]. 

Table 1. - Subjects studied 

and control patients using a computerized Gould 2400 
system. The best of three technically acceptable, 
forced, expiratory manoeuvres was recorded. A stand­
ardized bronchial provocation protocol [19] was per­
formed one hour after baseline studies were completed. 
Following inhalation of nebulized saline, nebulized, 
buffered histamine phosphate was inhaled for 3 min 
via a face mask, using a nebulizer driven by oxygen 
at 7 l·min·1• Spirometry was recorded at 30 s and 90 
s and subsequently every 90 s after each dose until 
either forced expiratory volume in one second (FEV

1
) 

fell by 20% or, if FEV1 failed to fall, the next strength 
of histamine was given. The initial dose of histamine 
was 0.03 mg and this was doubled at successive stages 
until a dose of 16 mg was given. In this way the 
PD

20 
FEV was determined. 

Twentyfour hours later, baseline respirometry was 
recorded and 4 puffs of salbutamol (400 mg) were 
given via a metered dose inhaled. Spirometry was 
then recorded after 5 min and every 15 min for one 
hour. Bronchodilator response was recorded as the 
maximum increment in FEV

1 
over baseline values. 

Five hours after measuring bronchodilator response, 
bronchoscopy was performed with an Olympus 
fibreoptic bronchoscope. Patients received premedica­
tion with 50 mg pethidine, 25 mg promethazine and 
0.6 atropine one hour preoperatively and were then in­
duced with 5-10 mg lipid-based diazepam, i. v. The 
nasopharynx was anaesthetized with 10% lignocaine 
spray and the bronchoscope introduced through the 
nose. Supplemental oxygen was given to patients at 
the rate of 4 l·min·1• Following further topical anaes­
thetic with 0.5% lignocaine, the tip of the 
bronchoscope was wedged in a subsegmental bronchus 
of the right middle lobe and 3 x 60 ml aliquots of 

Asthmatics Age Sex PD~ FEV1 FEV/FVC FEVI FEVI FEF:fi;73,. Rx 
yrs mg istamine % %predicted % change % pre icted 

1 62 M 0.03 41 32 57 57 ~jiS 
2 38 F 8 77 115 6 22 ~l 
3 22 M 0.25 60 74.4 14 34 ~jiS 
4 28 F 2 65 103 18 53 ~jiS 
5 15 M 4 88 106 8 17 131 

Non-Asthmatics• (biopsy control) 

1 45 M >16 83 120 10 41 
2 17 M >16 99 120 3 27 
3 23 F >16 90 91 13 52 
4 24 M >16 99 112 14 42 
5 56 M >16 88 111 5 33 

•: 4 cases of persistent cough; 1 case acute respiratory tract infection (none with history of asthma or atopy); ~1 : ~ 2 agonists; 
IS: inhaled steroids. The controllavages were performed on completely normal volunteers (see text). FEV

1
: forced expiratory 

volume in one second: P~22 FE~: dose of histamine causing a 20% fall in FEV
2

; FVC: forced vital capacity; FEF.s-
73

,.: forced 
expiratory flow between ~-75'?o of FVC; Rx: treatment. 

Clinical procedures 

All patients gave informed consent and the study 
was approved by the Ethics Committee of the JCMH. 
Baseline spirometry was perfor~ed on the 5 asthmatic 

buffered saline were introduced and aspirated into a 
siliconized glass bottle using minimal suction. The 
sample was then maintained at +4°C until processed. 
Following lavage, the bronchoscope was moved to the 
right lower lobe and endobronchial biopsies taken with 
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"cup" forceps from the wall of sub-segmental bronchi. 
Two to three biopsies were taken from each patient 
and placed on saline dampened gauze ready for 
processing. Control patients underwent the same pro­
cedure for biopsy but BAL was not performed. No 
problems or complications were experienced with these 
procedures. 

Preparation of samples 

Within 2-3 min of biopsy, all tissue samples were 
placed on small pieces of cork covered in OCT mount­
ing medium (BDH Ltd, Poole, Dorset) and frozen in 
isopentane cooled in a bath of liquid nitrogen. The 
samples were then stored at or below -70°C for not 
more than one month. Tissue sections (20-50, depend­
ing on size of sample) were cut on a cryostat main­
tained at -30°C. The BAL specimens were filtered 
through surgical gauze to remove any mucus clumps. 
The resulting suspension was centrifuged at 450 g and 
the cell pellet washed by re-suspension in fresh phos­
phate buffered saline. This latter procedure was re­
peated twice. After washing a cell count was 
performed and cell viability determined by trypan blue 
exclusion and the cells resuspended at a concentration 
of 2-4 x 1()5 cells·ml·1• Aliquots of 100 microlitres 
were then used to produce cytospins using a Shandon 
Cytofuge 2 Cytocentrifuge. A minimum of 24 
cytospins were prepared from each sample. 
The cytospins were air-dried for 30 min in front of a 
fan, fixed for 10 min in a 1:1 mixture of chloroform 
: acetone, dried, wrapped in cling film and stored at 
-20°C until used. 

possible artefact due to sampling and the presence of 
morphologically distinct cell types. Two cytospins 
from each patient were stained with Diff-Quik medium 
to reveal cytology. 

Immunocytochemistry 

The presence, distribution, and proportions 
of immunocompetent cells within both the cryostat 
sections of the biopsy specimens and within BAL 
were determined using immunocytochemical 
methods incorporating a panel of monoclonal antibod­
ies (MoAb ). These reagents were used in indirect 
immunoperoxidase methods using goat anti-mouse im­
munoglobulin second layers conjugated to horseradish 
peroxidase with a DAB/hydrogen peroxide solution 
used as a developing reagent. CD4:CD8 ratios were 
determined using double immunofluorescence methods 
with class specific second layers conjugated to 
FITC and TRITC [20]. MoAbs used are listed in 
table 2. Negative control preparations omitting the 
first layer MoAb, and positivity controls using sections 
of human palatine tonsil, were always performed for 
reference. 

Quantification 

The distribution and frequency of phenotypically dis­
tinct cell types within the tissue sections was deter­
mined using an image analysis system (Seescan 
Imaging Ltd, Cambridge, England). Numbers of cells 
expressing specific markers were counted in frame 

Table 2. - Monoclonal antibodies used In this study 

Reagent 

RFDR1 

RFDl 

RFD7 

RFT4 

RFT8 

Tmix 

Bmix 

UCHL1 

RFT2 

UCHMl 

CD MW of antigen Kd 

CD4 

CD8 

CD2, 5, 8 

CD19, 20 

CD45RO 

CD7 

CD14 

28/33 

28/33 

77 

55 
32-33 

46, 67, 33 

95, 35 

180 

40 

52 

Source 

RFHSM 

RFHSM 

RFHSM 

RFHSM 

RFHSM 

RFHSM 

RFHSM 

Dr. P. Beverley 

RFHSM 

Dr. N. Hogg 

Specificity on normal cells 

Framework epitope on HLA-DR 

Epitope on Class 11 MHC 
antigen with expression 
restricted to dendritic 
cells and some B cells 

Mature macrophages 

Helper/inducer T-cell subset 

Suppressor/cytotoxic T-cell subset 

All mature T -cells 

All mature B-cells 

T -cell subset 

T -cells (preferentially 
expressed on T-blasts) 

Monocytes 

RFHSM: Royal Free Hospital School of Medicine 

Histology/cytology 

Tissue sections from all biopsies were stained with 
haematoxylin and eosin or toluidine blue to reveal the 
histological characteristics of the sample in terms of 

defined areas of the sections and related to a unit area 
of 104 square microns. A minimum of triplicate ar­
eas taken at random from duplicate sections were ana­
lysed. Immunofluorescence preparations were counted 
visually using a Zeiss fluorescence microscope with 
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epi-illumination and appropriate barrier filters for FITC 
and TRITC. The expression of HLA-DR was quanti­
fied by measuring optical density of the peroxidase 
reaction product using the image analyser. The areas 
of epithelium and the lamina propria, just under the 
epithelium, were masked on the computer and optical 
density related to area for each specimen. Care was 
taken to ensure that all peroxidase reactions for this 
analysis were performed at the same time with the 
same reagents. No counterstaining was used. 

In the case of all BAL samples the proportions 
of phenotypically distinct cells identified by 
immunoperoxidase were quantified by image analysis 
software designed to recognize peroxidase positivity. 
Proportions of positive macrophages or lymphocytes 
in control cytospins (incubated without primary 
layer MoAb) were recorded. This proportion was then 
subtracted from percentage positive cells identified on 
test immunoperoxidase preparations. Sufficient 
fields to analyse >100 cells were scanned from each 
cytospin preparation. Results were expressed as 
mean±so for each test on each sample. All test sam­
ples were quantified "blind" without knowledge of the 
patient status. Results from normal volunteers are 
expressed as a range. 

Experimental analysis 

sample (although it must be accepted that frozen 
sections may "lose" intact eosinophils). No his­
topathologic evidence of inflammation was seen in any 
of the control samples. 

Differential cell counts of the lavage samples from 
the asthmatic patients revealed that 4/5 of the 
specimens contained proportions of lymphocytes, 
macrophages, polymorphonuclear cells and eosinophils 
that fell within the range of results obtained from 
lavages of normals (table 3). One asthmatic lavage 
did exhibit a lymphocytosis but in all other respects 
appeared normal. (This patient was a smoker). The 
lavages from the asthmatics were also comparable to 
normals in terms of the total cell yield, concentration 
of cells, and volume returned (data not shown). 

Immunocytology (BAL) 

When the proportions of lymphocyte and 
macrophage sub-sets were analysed using monoclonal 
antibodies, it was revealed that in all asthmatic cases, 
greater than 95% of the lymphocytes seen were T­
cells. In all cases, less than 1% of cells expressed 
positivity with reagents to demonstrate B-lymphocytes. 
Of the T-cells, a mean of 46% expressed positivity 
with CD45RO monoclonal antibody (range 28-62%), 
while less than 10% expressed CD7 positivity (table 
4). All results fell within the normal ranges. The 

This pilot study was designed to directly compare relatively small numbers of lymphocytes present made 
the presence and proportions of lymphocytes and it difficult to accurately quantify CD4:CD8 ratios . 
macrophage sub-sets and HLA-DR expression in the There was, however, a dominance of CD4 T-cells in 
matched biopsies and BAL. Data from non-asthmatic all lavages from the asthmatics consistent with obser-
biopsies and normal BAL are given for reference vations made on studies of normal volunteers. 
purposes. Where relevant, significance was determined When the proportions of sub-populations of morpho-
using Students t-test for non-paired data. Correlation logically identifiable macrophages were determined, the 
co-efficients between BAL data and biopsy data were numbers of cells expressing positivity for MoAbs 
calculated using the method of Pearson. RFD1 and RFD7 fell within the normal range. 

Table 3. - Differential counts of BAL from asymptomatic asthmatics 

Patient Lymphocytes % Macrophages % Neutrophils % Eosinophils % Others• 

1 3 96 <1 <1 1 
2 19 79 2 <1 <1 
3 9 91 <1 <1 <1 
4 4 94 1 <1 1 
5 5 93 <1 <1 2 
Normal range 2-11 84-98 0-4 0-2 0-4 
(n=10) 

•: To include epithelial cells/squamous cells. BAL: bronchoalveolar lavage. 

Results 

Histology/cytology 

Haematoxylin and eosin staining of all bronchial 
samples from the asthmatic patients revealed inflam­
matory infiltrates within the lamina propria of the 
peribronchial tissue, as recorded previously [5]. 
The inflammatory cells were almost exclusively 
mononuclear with few if any polymorphonuclear cells 
seen. Only 1-4 eosinophils were detected in any 

The proportion of macrophage-like cells expressing the 
CD14 antigen (monocyte marker) was however above 
the normal range in 4/5 of the asthmatic lavages (ta­
ble 4). 

Immunohistology (bronchial biopsies) 

The inflammatory infiltrates seen in the asthmatic 
endobronchial biopsies showed a major population 
of T-lymphocytes (mean±so, 5.98±2.58 cells per 
unit area compared to 1.47±0.4 in controls; p<O.Ol). 
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Table 4. - lmmunocytologlcal analysis of BAL In asymptomatic asthmatics 

% of Lymphocytes % of Macrophages 

Patient T mix+ B mix+ CD7+ CD45RO+ RFD1+ RFD7+ CD14+ 

1 99 <1 9 46 29 47 36 
2 96 <1 7 28 19 62 34 
3 99 <1 8 56 24 55 33 
4 95 <1 4 54 31 49 17 
5 95 <1 8 56 24 55 33 

Normal Range 92- 99 0-2 1- 15 20--65 12-58 15-55 1-22 
(n-10) 

BAL: bronchoalveolar lavage. 

Table 5. - Incidence of Immunocompetent cells In asthmatic biopsies and correlation 
with BAL 

Asthmatic Correlation+ p 
(control) with asthmatic BAL 

T-cells s.98:t:2.s8• r=0.768 NS 
(1.47:0.4) 

CD45RO+lymphocytes 4.17:2.8 r=-0.891 <0.05 
(0.84:0.13) 

RFD 1 +macrophages 2.19:t:l.O r=-0.46 NS 
(NPC) 

RFD7 +macrophages 1.88:1.3 r=0.67 NS 
(0.76:0.31) 

CD14+cells 0.4:0.3 r=0.87 NS 
(>0.2) 

•: Mean:so number of cells per 10 square microns. Calculated from 3 areas measured in each 
sample within group; NPC: no positive cells; Ns: not significant; +: Pearson correlation coefficient 
(5 pair of samples). Asthmatic BAL proportions compared to data on asthmatic biopsy in each of 
the 5 cases; BAL: bronchoalveolar lavage. 

There was a dominance of CD4+ cells in 3/5 cases 
and even proportions of CD4 and CD8 cells in the 
other two. In all cases >80% of lymphocytes 
expressed CD45RO antigen, such cells appearing in 
the lamina propria and epithelium. There were sig­
nificant increases in numbers of CD45R0+ T-cells 
(4.17±2.8 cells per unit area in asthmatics, 0.84±0.13 
cells per uni t area in controls; p<O.OOI). RFDl+ 
macrophage-like cells were seen in significant numbers 
in all asthmatic bronchial biopsies and in 3/5 cases 
constituted the major population of non-lymphoid cells 
(mean±so 2.19:1.0 cells per unit area). No RFDI+ 
cells and only 1-2 CDI4+ cells were seen in normal 
bronchial tissue, and only a low incidence of RFD7+ 
cells was seen. Although raised numbers of RFD7+ 
cells were found in the asthmatic biopsies, this in­
crease did not reach statistical significance when com­
pared to control samples (table 5). For each 
parameter, correlation was sought between BAL data 
and biopsy data for each patient. A correlation 

(r=0.89) was seen in numbers of CD45RO cells yet 
this was only just significant. No relationship was 
observed in any other parameter. 

HLA-DR expression 

HLA-DR expression was determined in matched bi­
opsies and lavage cells using optical density measure­
ments on the image analysis system. The optical 
density of HLA-DR staining in the asthmatic tissue 
was significan tly greater than in contro l tissues 
(p<O.OOJ) (table 6). In the case of the lavages, how­
ever, the asthmatic samples gave the same results as 
those obtained by normal volunteers, both in terms of 
the percentage of HLA-DR+ cells (89% in asthmatics, 
91% in normals) and in the level of expression of 
these molecules (p>0.05) (table 6). When the relation­
ship between biopsy and BAL results of individual 
patients was tested, no correlation was seen. 
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Table 6. - HLA-DR expression in biopsies and bronchoalveolar lavage cells 

Subject Sample HLA-DR %of Total Correlationt p 
Status density• macrophage coefficient 

positive 

Asthmatic Biopsy 2.6:0.9 r=0.63 NS 
Asthmatic BAL 2.24±0.28 89±4.2 
Control Biopsy 0.9±0.2 
Normal BAL 2.02±0.2 91±4.1 

•: Relative density per unit area measured with image analysis systems (Seescan, 
Cambridge). Epithelium and lamina propria measured together in biopsies. Macrophages 
measured in lavages. t: Pearson correlation coefficient (5 pairs of samples). HLA-DR 
density in asthmatic biopsy and BAL cells compared. BAL: bronchoalveolar lavage. 

Discussion 

Results presented here firstly confirm observations 
made previously [5] that signs of a chronic T-cell 
dominated inflammation are present in the bronchial 
tissue of patients with asymptomatic asthma. The 
study goes further in showing that the proportions of 
cells obtained by full bronchoalveolar lavage, when 
matched with samples from asymptomatic asthmatics, 
do not reflect the chronic inflammation seen in the bi­
opsy tissue. Indeed, the BAL differential cell counts 
all fell within the normal range with one exception: a 
single patient did exhibit lymphocytosis in the lavage. 

It is suggested by these observations that broncho­
alveolar lavage in asymptomatic asthmatics appears 
overall to be an inappropriate sampling procedure for 
the investigation of the persistent, albeit sub-clinical, 
inflammation present within the bronchi of asthmatic 
individuals. Previous studies have reported a con­
sistent increase in lavage lymphocytes in asthmatic 
subjects [21], while only one of five patients showed 
this in the present study and this patient was a smoker. 
The difference thus could be due to a difference in the 
status of the patients studied or it may be the result 
of methacholine challenge used in other studies to 
establish PD20FEV1 [22]. Other workers have reported 
normal lavage differentials in stable asthmatics [23]. 
There are conflicting reports on the effect of challenge 
on lavage lymphocytes. It is documented that bron­
chial challenge with either histamine [24] or antigen 
[25] can cause an increase in the numbers of lavage 
T-cells, yet other studies report a decrease of T-cells 
in BAL after allergen provocation [26]. 

Interestingly, in animal studies, bronchial challenge 
failed to increase the numbers of lymphocytes in lav­
age [27]. Therefore, although the technique of BAL 
has proved of considerable value in documenting the 
changes to eosinophil, mast cell and neutrophil num­
bers immediately after challenge [28], and in quanti­
fying changes in the concentrations of soluble 
mediators [29], the value of lavage as a reflection of 
the persistent bronchial inflammation present in asymp­
tomatic asthmatics appears in doubt. 

Comparison of the presence and proportions of other 
immunocompetent cells identified by MoAbs in the 
present study in matched biopsy and lavage would 

support the suggestion that BAL fails to sample the 
appropriate areas of the airways relevant to the 
pathogenesis of asthma and therefore does not reflect 
the ongoing reaction in the bronchial walls. Perhaps 
segmental lavage using a balloon catheter is a better 
approach for washing the relevant bronchial areas in 
asthmatics [30). The consistent increase in the pro­
portion of CD14+ monocytes in asthmatic lavage is of 
interest and should be noted but to date the relevance 
of this to the pathogenesis of asthma remains unknown 
and no correlation was seen between the BAL data 
and the numbers of CD14+ cells in the tissues. 

Other workers have demonstrated an increased reac­
tivity in circulating lymphocytes of asthmatics, in 
terms of expression of activation markers [10), and the 
production of eosinophil chemotactic factors [9]. 
There is also no doubt that asthmatic individuals can 
exhibit atopy in terms of allergic skin test reactivity 
and some workers argue that all asthmatics may be 
atopic [31]. Raised levels of IgE in the circulation 
are also common [32]. It is clear therefore that the 
immunological aberrations associated with this disease 
are not restricted to the bronchioles of the lung and 
systemic changes associated with asthma should be 
further investigated. 

With specific regard to T-cells, it has been suggested 
that aberrations in T-cell control of IgE production 
occur in asthma [11]; that T-cells may release 
chemotactic factors for other inflammatory cells [12], 
and may regulate the release of vasoactive amines 
from mast cells [9, 12]. Indeed, correlation has been 
reported between increases in BAL lymphocytes and 
mast cells in other lung diseases [33]. Together, these 
observations lead to the conclusion that an understand­
ing of the role of T-cells in asthma is crucial to an 
insight into pathogenesis. Of particular interest is the 
presence of large numbers of CD45RO+ T-cells in the 
asthmatic lung. This appears the one parameter where 
it has been shown in the present study that there is a 
correlation between biopsy data and results from BAL. 
It is within the CD45R0+ population that the T­
memory cells are said to reside [34]. As CD45RO has 
been shown to be a protein tyrosine phosphatase [35], 
the increased expression of this molecule may be 
responsible for altered regulation of signalling between 
lymphocytes [36] and thus the characteristic expression 
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of "hypersensitivity" in asthmatics. It must be re­
membered that only a limited number of patients have 
been investigated here and more studies are required. 
Furthermore, it is important to note that despite the 
lack of any consistent increase in T-cell numbers in 
asthmatic lavage, the possibility remains that func­
tional changes exist in the cells present and these 
should be investigated. 
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