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SUMMARY

T cells are thought to play an important regulatory role in asthma, but little is known about the T cell
repertoire of the human lung or whether asthma is associated with any specific repertoire changes. Flow
cytometry and MoAbs to TCR VB (TCRBV) families were used to quantify bronchoalveolar lavage
(BAL) and blood T cells from normal and atopic individuals. Clonality was then assessed by polymerase
chain reaction (PCR) amplification of cDNA and gene scanning using consensus and family-specific
TCRBYV primers and confirmed by sequence analysis. In addition, blood and BAL T cell populations
were studied pre- and post-allergen challenge in four patients with allergic asthma. The majority of
TCRBYV families detected in blood by MoAb staining were also represented in BAL. While differences
between BAL and blood populations were evident in each individual studied, these differences were not
consistent between individuals or between Chd CD8 T cell subpopulations. These results are in
broad agreement with other published studies, but in contrast to previous work we found a consistent
difference between TCRBV7 family usage in blood and BAL in all individuals studied, and a
consistently increased proportion of CDBAL T cells bearing BV5S2/3 in asthmatics only. After
allergen challenge, the pattern of TCRBV gene usage was largely unchanged as judged by flow
cytometry. Gene scanning of PCR products generated from consensus VB primers revealed polyclonal
lymphocyte populations in blood and BAL from all seven atopic individuals: in one normal tested
polyclonal populations were found in blood and oligoclonal populations in BAL. Selected families
amplified with family-specific primers BV5S2/3, BV6 and BV7 (chosen because of their predominance
in BAL compared with blood) were more variable and revealed predominant polyclonal populations in
blood and polyclonal or oligoclonal populations in BAL. In one asthmatic patient a clonal BV5S2
family was found in BAL. Following allergen challenge there were no significant changes in
polyclonality/oligoclonality/clonality in three cases, but in one case a clonal BV5S2 population was
found after challenge, that had not been evident beforehand. The lung T cell repertoire is thus broadly
representative of blood T cells, but shows population differences that may result from response to
persistent exposure to airborne antigens common to normal and atopic individuals. Oligoclonal TCRBV
family expansion appears to be primarily lung-specific but independent of atopic asthma, although our
challenge data in one case support the concept that clonal populations may follow local allergen
challenge. These data are consistent with selection and amplification of specific T cell families in the
lung in response to local antigenic exposure.
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INTRODUCTION may play an important part in regulating the immunological and

Although much has been learned about the causes of asthma inflammatory processes thought to underly asthma [1,2]. Con-

. . . . vincing evidence has been presented for the role of the Th2-type
recent years, many details of its pathogenic mechanisms remain

unclear. There is, however, a growing consensusthatTIymphocytecsytOkInes IL-3, IL-4, IL-5 and IL-10 in controliing the key

processes of IgE production, growth of mast cells and the differ-

Correspondence: Dr E. Hodges, Molecular Immunology Groupyentiation and activatio.n of magt cells and eosinophils [2—4.].
Wessex Immunology Service, Southampton General Hospital, Southamgvloreover, T cells obtained by biopsy or lavage from asthmatic
ton SO16 6YD, UK. airways are activated, as shown by expression of surface markers
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and the presence of mRNA for a range of cytokines [2,5-7]. T cells Table 1. Details of subjects studied
recognize allergens only after intracellular processing when spe-
cific peptides are presented on a cell surface in association with an

MHC molecule. This peptide—MHC complex interacts with TCR, co

which recognize the complex and this in turn leads to the produci\lormal

de Sex Age (years) FEV PGy Atopy

tion of cytokines and downstream events. Only T cells canyy E 20 86 _ None
recognize and respond to processed allergens directly (rathgsg F 25 95 _ None
than relying on surface-bound immunoglobulins such as IgE).aB M 22 80 - None
Accordingly the T cells may play a crucial role in initiating and Nw M 29 108 - None
maintaining on-going immunologically driven chronic asthma, SS M 26 101 - None
particularly in intrinsic asthma where the IgE response is abseniP M 22 100 - None
or minimal. Asthmatic

The T lymphocytes in the lung are thought to form a compart—CP M 21 100 174 HOM
mentalized lymphoid population [8] which is relatively resistant to M 38 91 1.91 HDM

. 7 . 2 M 21 90 0-63 HDM
proliferative signals [9]. By studying the TCR repertoire in the lung TC F o5 08 7.47 HDM. GP
of atopic asthmatic patients it may be possible to obtain an insighg M o5 84 2.49 G,’;
into the forces that shape that repertoire and hence shed some liglj M 35 94 3-65 HDM
on the functionality of airway T cells. Furthermore, in individuals spm E 22 102 6-92 GP
with atopic asthma, recurring and/or chronic exposure to antigem M 20 106 0-86 GP

may result in the preferential expansion of antigen-specific T cells
with_a given TCR. This process may lead _to oligoclonal expaqsion GP, Grass pollen; HDM, house dust mite: FEorced expiratory
of airways T lymphocytes, reflecting the influence of the antigen, o\ me in 1s; PGy, provocation conc. at 20%.
[10]. Similarly, if superantigenic stimulation were operating one
would expect to see expansion of individual TCRBV families
independent of antigen specificity and hence without any evidenc€%) given as required to achieve lower airway anaesthesia. Two
of clonality [11]. bronchoalveolar lavages (BAL) were performed, firstin the medial
T cell repertoires have been studied in several diseases wheresegment of the right middle lobe and then in the anterior segment
is known that T cells play a central role in disease, includingof the right upper lobe. In each case, the bronchoscope was wedged
rheumatoid arthritis, multiple sclerosis and pulmonary sarcoidosisn the segmental bronchusx@0ml warm isotonic saline were
[10,12—24]. These studies have been difficult to reproduce, aniéhjected and then aspirated by the suction channel.
thus far, distortions in the TCR repertoire have not been consistent
in any single disease. This may be due to a variety of reasondzndobronchial allergen challenge
including choice of patient populations, the stage of disease beingour of the atopic asthmatics underwent local, endobronchial
studied, as well as the method of study. The two most commorallergen challenge. After confirming their suitability for inclusion
methods used to investigate TCR repertoires are guantitativen the study, subjects attended 2 days before bronchoscopy for
polymerase chain reaction (PCR) and flow cytometry. In thisspirometry and skin test titration to determine the allergen con-
study we have used available MoAbs to TCRBV families to centration to be used. The allergen extract chosen for local
stain lymphoid populations from lung and blood from normal challenge was that which gave the largest wheal response on
and atopic individuals to assess differences between these lynskin prick testing. The concentration selected for challenge was
phoid compartments and between individuals. These lymphoidne-tenth of the dilution that evoked a wheal of 3 mm or less in the
populations were also assessed for T cell clonality or oligoclonalitytitration series. Venous blood was obtained for FACS analysis and
by PCR amplification of cDNA and gene scanning using consensuthen bronchoscopy was performed as described above. A baseline
TCRBYV and TCRBYV family-specific primers. lavage sample was obtained from the lingula witkx 2D ml
aliquots of prewarmed isotonic saline, aspirating the lavage fluid
via the suction channel. The bronchoscope was then wedged in the
SUBJECTS AND METHODS anterior segment of the right upper lobe and 20 ml prewarmed
Subjects isotonic saline were injected via the suction channel. After 20 s, the
Eight mild atopic asthmatics and six non-atopic non-asthmatidoronchoscope was resited in the medial segment of the right middle
subjects took part in this study (Table 1). The asthmatic subjects albbe and 20 ml prewarmed allergen solution were injected. After
met the American Thoracic Society criteria for asthma with 20 s the bronchoscope was withdrawn to the right main bronchus
variable airflow obstruction and bronchial hyperresponsivenessnd any excess fluid aspirated. The bronchoscope was then with-
as defined by responsiveness to histamine. Atopy was confirmedrawn and the subject allowed to recover. Twenty-four hours later,
by skin prick tests to a panel of common aeroallergens. Bronchoa further venous blood sample was obtained and bronchoscopy was
scopy was performed by a standard technique conforming teepeated, using the same premedication and local anaesthesia.
NHLBI guidelines [25]. Briefly, subjects were premedicated with BAL was performed with & 20ml isotonic saline, initially in
nebulized albuterol (2-5mg), i.v. atropine (0-6 mg) and midazolanthe saline-challenged segment and then in the allergen-challenged
(5—-8 mg). Topical upper airway anaesthesia was achieved with 4%egment. The bronchoscope was then withdrawn and the subject
lidocaine spray. Supplementary oxygen was administered by nasallowed to recover.
cannulae, while oxygen saturation and pulse rate were monitored The recovered BAL fluid was filtered through a 100-nm nylon
throughout. The fibreoptic bronchoscope (Olympus BF-XT20 orsieve and centrifuged at 15Q0for 10 min. The cell pellet was
BF-1T20) was introduced by the oral route and additional lidocaineresuspended in RPMI 1640 medium and adjusted*d.(f cells/
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ml. A 100wl aliqguot of cells was cytocentrifuged (Cytospin, buffer were added to a total of a0 The samples were subjected to
Shandon Southern, Runcorn, UK), air-dried and stained with33 cycles of PCR (%€ for 30 s, 55C for 30's, 72C for 30s) and
May—Grinwald—Giemsa to obtain differential cell counts. Periph- analysed on the automated sequencer as detailed above.

eral blood analysis was performed on heparinized whole blood. Fluorescent PCR products are represented as electrophore-
grams where relative fluorescence intensities are plotted as a
Phenotyping function of PCR fragment size. Products from clonal cell popula-

BAL and whole blood were analysed concurrently by three-colourtions were visualized as one or two sharp peaks of fluorescence
flow cytometry using a panel of 15 FITC-labelled MoAbs against corresponding to the PCR amplified clonal rearranged allele(s),
TCRBYV family gene products 2, 3, 5S1, 5S2/3, 6S7, 7S1, 8, 12S1while cDNA extracted from normal polyclonal peripheral blood
13S1, 13S1/3, 14, 17, 20, 21S3 and 22. These MoAbs wergas visualized as a fluorescence spectrum composed of polyclonal
obtained from Serotec (Oxford, UK), Immunotech (Luton, UK) PCR fragments of different sizes in a normal Gaussian distribution
and Professor A. Boylston (Leeds, UK). The second and thirdwith peaks spaced by 3bp corresponding to selected in-frame
labels were PE-labelled CD4 or CD8 MoAbs and PerCP-labelledearrangements. Oligoclonal profiles were visualized as a modifi-
CD3. These and isotype-matched controls were purchased fromation of the Gaussian distribution where three or more distinct
Becton Dickinson (Oxford, UK). Samples were run on a FACScanpeaks appeared above the normal polyclonal background.
analyser using the Lysis Il program (Becton Dickinson). Ten  For sequence analysis, PCR products were run on a 3%
thousand events were collected within a lymphocyte gate. T celldusieve agarose gel, purified using the Geneclean Il kit (Stratech
were identified by CD3 staining and then analysed for BV expres-Scientific, Luton, UK) and blunt-end ligated into pGEM-TA vector
sion within the whole T cell population and in the CD4 and CD8 (Promega, Southampton, UK) and transformed into JM109
subsets. BV expression was normalized by summing the percercompetent cells (Promega). Single-stranded DNA was prepared
tages of BV expression and then expressing the individual resultand sequenced by the dideoxy chain termination method using
as a percentage of total percentage stained by all the BV antibodieSequenase version 2.0 (Amersharn International, Aylesbury, UK)
This made it possible to compare relative expression in blood andnd M13 primers. For each DNA sample 15-20 randomly chosen
BAL and allowed the selection for gene scanning and sequencinglones were sequenced. Sequence alignment analysis was per-
of families that showed over three-fold relative increase in BAL formed using Genbank and current databases with MacVector

compared with peripheral blood. 4.1.4 sequence analysis software to identify particular BV, BD
and BJ gene segments and N region addition for each BVBC
Genotyping recombination.

Total RNA was prepared from fresh peripheral blood by extraction
using RNAzol B (Tel-Tex) followed by cDNA synthesis using
reverse transcriptase (RT) and an oligo dT primer (Not-I-g{)T)
(Pharmacia, St Albans, UK). Phenotyping
TCRB PCR amplification was performed essentially asThe TCR BV MoAb panel accounted for 4915% and 50t 7%
described by Knebeetal. [26]. The PCR amplification was of CD3, 53+ 10% and 54+ 10% of CD4, 42+ 20% and 42+ 8%
performed using a semi-nested approach using VBcon, JBI(2df CD8" T cells in peripheral blood, and 6219% and 55+ 9% of
and JBII(2) primers in the first round of amplification, and CD3, 66+ 15% and 67+ 9% of CD4, 61+ 19% and 55+ 10% of
VBcon (fluorescently labelled), JBI(1) and JBII(1) primers for CD8" T cells in BAL, from normals and asthmatics, respectively.
the second round of amplification. The PCR reaction mixtureFor peripheral blood and BAL from asthmatic patients, post-
contained the following: &I cDNA, 10um (first round)/3um allergen challenge, TCR BV staining accounted fort58% and
(second round) primers, 3m(first round)/1-5m (second round) 57 = 6% of CD3, 60+ 6% and 59+ 12% of CD4, 44+ 13% and
MgCl,, 200um of each dNTP and 1U of Taq DNA polymerase 57+ 17% of CD8" T cells, respectively. TCR family relative
(Boehringer Mannheim, Lewes, UK). Sterile water andkECR representation in CD3T cell populations from blood and BAL of
buffer were added to a total volume of pl0 Two percent volume  normal and atopic subjects is shown in Fig. 1. There was variation
of the first round PCR products were used for the second round aff TCRBV family expression within each individual and between
amplification. Samples were subjected to 40 first round PCR cyclemdividuals for both the blood and lung lymphocyte populations.
(92°C for 1 min, 50C for 40's, 72C for 30 s) and 30 second round However, differences between the lung and blood lymphoid usage
cycles (92C for 1 min, 56C for 40's, 72C for 30 s). PCR products of a given TCRBV family in each individual were less pronounced
of about 255 bp (range 240-290 bp) were generated and analyséidan the differences between individuals. Differences between
on a 2-5% agarose gel. TCRBV family expression were observed between blood and
For analysis on the ABI automated gene sequenqdmflPCR BAL both in normal and in atopic donors. A total of 20 significant
product was mixed with gl formamide and 0-al of the internal  differences, observed as a three-fold increase in BV expression in
size standard Genescan-2500 Rox (Applied Biosystems, WarringBAL compared with peripheral blood afice versawere identi-
ton, UK). PCR products were denatured for 3 min &i®and size fied: in nine cases a particular BV family was increased in blood
separated on a high resolution polyacrylamide gel and analysednd in 11 instances the family was increased in BAL. BV7S1
using the GENESCAN 672 software. showed a consistent increase in BAL fluid compared with blood in
For TCRBYV family-specific amplification, PCR was performed both asthmatic and normal donors (Fig. 1). The differences
using three BV family-specific primers (BV5S2/3, BV6, BV7) and observed between blood and BAL were also present in the'CD4
a 3 BC primer (5 fluorescently labelled). The specific PCR and CD8 subpopulations, with the exception that BV5S2/3 was
reaction mixture contained the following: 1#2cDNA, 200ng increased in BAL CD#% cells compared with blood in the asth-
BV and BC primers, 20@m of each dNTP and 2U Tag DNA matic patients (Fig. 2). This difference was not seen in the normal
polymerase (Boehringer Mannheim). Sterile water andk RER  subjects where the BV usage in CDdells reflected the pattern in

RESULTS
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Fig. 1. Proportions of peripheral blood and bronchoalveolar lavage (BAL) TD8ells expressing each TCRBYV family, as assessed by flow

cytometry.
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Fig. 2. Proportion of peripheral blood and bronchoalveolar lavage (BAL) €CD4ells expressing BV5S2/3 as assessed by flow cytometry.
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Fig. 3. Proportions of bronchoalveolar lavage (BAL) CDB cells expressing each TCRBYV family before and after challenge with allergen or
saline, as assessed by flow cytometry.
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Fig. 4. Proportions of peripheral blood CD3T cells expressing each TCRBV family before and after challenge.

CD3" cells. Differences between CD8subpopulations from To assess the sensitivity of this technique, a known BV7-positive
blood and lung from either the normal or asthmatic groups alsalonal control was serially diluted with DNA from normal poly-
reflected the situation in the total CD3populations, with no  clonal blood lymphocytes and amplified using the fluorescently

CD8"-specific variations. labelled BV7 primer. After gene scanning, the clonal peak could be
detected at 6% clonal DNA in a backgound polyclonal fluorescent
Allergen challenge spectrum.

Four asthmatics were studied pre- and post-allergen challenge. Scan profiles of normal healthy peripheral blood using BV
There were no major changes in the relative proportions of T cell€onsensus primer showed a normal Gaussian distribution of PCR
expressing each of the TCR BV families studied. The most strikingproducts, but because the primer binds to varying nucleotide
change was a reduction in the proportion of CD@lls using  positions for each BV gene family, discrete peaks are not usually
BV5S2/3 in the individuals NE and ST who had shown the highestvisible, whereas when specific BV family primers are used fluor-
usage of this family. The reduction was seen in both the allergenescent peaks are spaced by 3 bp corresponding to selected in-frame
and the saline-challenged sites (Fig. 3). In the peripheral blood, theearrangements.

proportions of T cells expressing each family remained remarkably  Peripheral blood from all asthmatic and one normal subject

similar (Fig. 4). gave BV scans consistent with a normal Gaussian distribution of
PCR product (polyclonal pattern) using the BV consensus primer
Genotyping (Table 2). Matched BAL samples from all asthmatics gave similar

The specificity of the fluorescent fragment analysis (gene scanprofiles showing a Gaussian distribution of PCR products consis-
ning) was validated using cDNA extracted from lymphoma casedent with polyclonal TCR families. However, the matched BAL
(previously shown to be clonal by TCRB Southern blot analysisfrom the normal donor DF gave a skewed scan profile in which one
and TCRB RT-PCR) and amplified with a specific BV family or two dominant peaks were observed above the normal Gaussian
primer. Products from the clonal cell populations produced onebackground, which we have termed an oligoclonal pattern
or two sharp peaks of fluorescence corresponding to the PCRTable 2).

amplified clonal rearranged allele, while DNA extracted from BV families (BV5S2/3, BV6S7, BV7S1) showing significant
normal polyclonal peripheral blood lymphocytes produced adifferences between blood and BAL by flow cytometry were
‘fluorescence spectrum’ composed of polyclonal PCR fragmentamplified with family-specific primers and analysed by gene
of different sizes. This fluorescence spectrum or spectratype showscanning. Gene scanning performed after BV5S2/3 amplification
a Gaussian distribution of PCR products; the peaks are discrete arsthowed a clonal pattern with a predominant sharp single peak in
spaced by 3 bp corresponding to selected in-frame rearrangementsthmatic case ST (Fig. 5) in BAL before allergen challenge. In the
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Table 2. Clonality of TCR usage in blood and bronchoalveolar lavage (BAL) samples from a normal donor and asthmatic
patients assessed using automated fluorescent gene scanning for BV consensus, BV5S2/3, BV6 and BV7 primers
Code Sample* Allergen Consensus BV BV5S2/3 BV7 BV6
Normal DF Blood - P - - -
BAL - e} - - -
NH Blood - P - - -
BAL - P - - -
AH Blood - P - - -
BAL - P - - -
CP Blood - P - - -
BAL - P - - -
ST Blood - P P P -
+ P P P -
BAL - P Cc P -
+ P C o -
NE Blood - P P P -
+ P P P -
BAL - P P 0] -
+ P P P -
SM Blood - P P P P
+ P P P P
BAL - P P P 0]
+ P C P O
AM Blood - P P P O
+ P P P o
BAL - P 0] o} e}
+ P P (¢} P
P, Normal Gaussian distribution of polymerase chain reaction (PCR) product (polyclonal product); O, skewed scan profile
in that one or two dominant peaks were observed above the normal Gaussian background; C, one discrete peak observed on
the scan profile.
*Saline-BAL controls were identical to resting BAL.
167 171 175179 183 187 191 195 199 203 207 211 215 177 181 185 189 193 197 201 205 177 181 185 189 193 197 201 205
FT T T T T 1 T T 1 1 6000L T T T T T T T 6000 |- T T T T T I
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SM blood SM BAL (pre) SM BAL (post)
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T T 1T 1T 1T 17T 17T 17T T 177 T T T T T T T T T T T T
B 6000 4200 -
4800 3600
B 3600 2400
- 2400 1800
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L 1200 600
0 0

0

ST blood ST BAL (pre) ST BAL (post)

Fig. 5. Electrophoretic profiles derived from automated gene scanning of cDNA polymerase chain reaction (PCR) products from peripheral

blood and bronchoalveolar lavage (BAL) of asthmatic subjects. Relative fluorescence intensities (ordinate) are plotted as a function of PCR
fragment size (abscissa). Top row: BV5S2/3 scan profiles for patient SM showing a normal Gaussian distribution of PCR products for blood

and BAL (before challenge) and a clonal scan profile (one dominant fluorescent peak) for BAL (post-challenge). Bottom row: BV5S2/3 scan

profiles for patient ST showing a normal Gaussian distribution of PCR products for blood and a clonal scan profile for BAL both pre- and post-

allergen challenge.
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Table 3. Sequence data of BV5S2/3 clonal polymerase chain reaction (PCR) products

Deduced amino acid sequence of
clonal PCR products

Case Sample CDR3 region Gene usage

ST BAL-baseline SALYLCASS YQMTAI NEKLFFG# BV5S2 BD1 BJ1S4

ST BAL-allergen challenge SALYLCASS YQMTAI NEKLFFG# BV5S2 BD1 BJ1S4
SM BAL-allergen challenge SALYLCAS RSLDRAS GELWG BV5S2 BD1 BJ2S2

#ldentical sequence.

other asthmatic cases, BV5S2/3, BV7 and BV6 amplificationswithin the CD3" population. This contrasts with other studies of
either showed a normal Gaussian distribution (Fig. 5; Table 2)peripheral blood, where a larger number of different families were
consistent with polyclonal PCR products of different CDR3 over-represented. In three separate studies, BVs 4, 5, 6, 8 and 13,
lengths, or a skewed distribution consistent with a restrictedBVs 1, 4,5S2/3and 9, and BVs 2, 6, 7, 13S1 and 13S2 were reported
oligoclonal pattern. to be the most abundant [27—-29].

Four asthmatics (ST, NE, SM, AM) were studied post-allergen  One recent study reported that the pattern of BV expression
challenge and PCR products generated from family-specific priwas broadly similar in BAL and peripheral blood in normal
mers and consensus primers were studied in these cases (Fig. $ibjects, with over-representation of BVs 1-3 and 6—9 in both
Table 2). All blood scans apart from AM (BV6) showed polyclonal BAL and blood of normal individuals [30]. This is consistent with
usage reflecting the lack of gross detectable changes after allergeur findings, except for the BV7S1 results, and taken together these
challenge. In AM the BV6 family was oligoclonal both before and studies suggest that the BAL lymphocyte population may not be
after challenge. Populations in BAL showed several changes afteruly compartmentalized from the blood. While in normal and
allergen challenge, a clonal BV5S2/3 peak was observed in patiergsthmatic subjects, BAL TCRBV expression followed blood BV
SM, a shift from oligoclonal to polyclonal scan patterns was expression, there was more variability in the BAL from asthmatics,
observed in patients NE (BV7) and AM (BV6, BV5S2/3) and especially in the CD8 subset. In all asthmatics BV5S2/3 was
polyclonal to oligoclonal in patient ST (BV7). The clonal BV5S2/3 expressed on a higher proportion of CD% cells than on CD8 T
peak observed in ST before allergen challenge was also observells in BAL. Skewing of certain BV families has been noted
after challenge. Clonal BV5S2/3 PCR products from ST (BAL) before in normal peripheral blood [31-34], but has not been
pre- and post-challenge and from SM (BAL, post-challenge) weraeported in BAL. Skewing of the BV repertoire and variability of
cloned and sequenced to confirm clonality. In patient ST, identicabxpression within the CD4or CD8' subsets in BAL may be due
BV5S2/3 clonal sequences were identified in 7/7 and 8/10to selective accumulation of the BV family from blood in response
sequences analysed in the pre- and post-challenge samples, respiecallergen(s) and/or infection such as viruses to which asthmatics
tively, and in patient SM identical BV5S2/3 sequences wereare prone.
identified in 9/15 sequences analysed. Sequences are shown in Phenotypic characterization of blood and BAL lymphocyte
Table 3. No changes were seen in the saline-challenged contréamilies post-allergen challenge revealed some shifts in the BAL

site. TCRBYV repertoire within individuals, but no consistent pattern
across the group. The blood populations were remarkably
DISCUSSION consistent.

Differences between the normal and asthmatic TCRBV reper-
In this study we have examined the TCR repertoire of BAL T cellstoires may be masked by non-specific recruitment of T cells to
in normal and asthmatic subjects before and after allergen chakhe sites of mucosal inflammation, thereby diluting any asthma-
lenge. specific T cell responses. The diverse T cell response in asthma
The use of flow cytometry and antibodies specific for BV may also arise from different antigenic determinants being relevant
families provides a quantitative answer for those BV familiesin different individuals, dependent on the stage and duration of
against which antibodies are available. Differences were shown idisease. In this study a high degree of inter-individual TCRBV
TCRBYV family expression between lung and blood in both normalvariation was noted for both normal and asthmatic subjects. Inter-
and asthmatic subjects. In BAL from normal and atopic individuals,individual differences in TCR usage in affected organs have been
with the exception of subject NE, BV7S1 was increased comparedoted in other diseases such as multiple sclerosis [15,16], rheu-
with the matching blood. TCR BV5S2/3 families were increased inmatoid arthritis [12,17,35] and sarcoidosis [23,36]. These differ-
the BAL CD4" T cell subset from all atopic individuals compared ences could be due to inter-individual variation in antigen
with normal subjects. The consistently low expression of BV7S1 forprocessing and presentation, environmental influences, differing
both normals and asthmatic individuals across all compartments argenomic TCR repertoires, known effects of the MHC on the TCR
subsets for all subjects studied was notable, and in all cases BV7Sgpertoire disease duration and clinical status [10,37,38].
was expressed at higher levels in the BAL than in blood. This Automated gene scanning of the CDR3 sequences is a powerful
suggests that T cells using the BV7S1 subfamily selectively accutechnique which allows the detection of clonal or oligoclonal
mulate in the lung independent of disease. In the peripheral blood gfopulations using particular TCRBV sequences [26]. The CDR3
normal individuals, BV families 2, 6S7 and 13S1/3 were relatively sequence or junctional region of the TCRB chain is encoded by the
over-represented and BVs 3, 13S1 and 14 were under-represent®¥dD-J gene segments and is the part of the TCR which interacts
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directly with peptide bound by the MHC [39]. T cells with identical Importantly, no such populations were seen in the saline-chal-
antigen specificities should share conserved CDR3 amino acitenged site, demonstrating that this peak was related to allergen
sequences, as they recognize the same epitope. An oligoclonahd not to the challenge procedure itself. The clonality of PCR
pattern of BV expression should thus be observed if antigen-driveproducts from patients ST and SM was confirmed by sequence
stimulation causes clonal expansion, while a polyclonal pattern oanalysis.
BV expression would be expected if T cells are recruited to the These data have several important implications. At the tech-
lungs non-specifically. This technique is sensitive to 6% clonalnical level, the data suggest that subtle changes following allergen
DNA in a polyclonal background. Peripheral blood from all challenge may not be evident in scans of PCR products derived
asthmatics and one normal subject gave BV scans consistefiftom consensus BV primers. This technique is sensitive down to
with polyclonal populations using the BV consensus primer.6% clonal DNA in a polyclonal background and will not detect
Matched BAL also gave polyclonal patterns, with the exceptionnew clonal peaks which represent 1-3% of the total BAL popula-
of an oligoclonal pattern from the normal donor (DF). These datation. On the other hand, using family-specific primers allows the
suggest that TCRBV oligoclonal families may be found in both detection of changes which represe®® of the cells expressing
normal donors. Oligoclonal families have been previously identi-that particular TCRBV gene. Furthermore, in those families where
fied in BAL from normal individuals with reproducibility of this oligoclonal (SM BAL BV6, AM BAL BV7) or clonal (ST BAL
pattern over time [30]. BV5S2) populations were found before and after challenge, this
Recovery of cells from BAL is limited, and because of the selected population reflects lymphoid populations in lung but may
numbers required for flow cytometric phenotyping, cell recoverynot be directly related to the allergen being used for challenge. On
for cDNA isolation and PCR amplification with family-specific the other hand, the marked and segment-specific change in the
primers was restricted to those TCR families predominant inBV5S2/3 scan pattern in subject SM and BV7 in subject ST
resting BAL compared with blood from asthmatic individuals. suggests an allergen-specific T cell response. Such changes are
PCR amplification with BV family-specific (BV5S2/3, BV6, BV7) more likely to result from recruitment of T cells from the circula-
primers revealed a clonal TCR BV5S2 population in the BAL from tion than expansion in the tissues over the 24-h period of the study.
an asthmatic (ST), BV5S2/3, BV6, BV7 oligoclonal families in Previous studies of the lung T cell repertoire have given
AM, oligoclonal BV6 families in SM and AM and oligoclonal BV7  contradictory results. Expanded BV gene families have been
in NE. Whether all TCR families contain oligoclonal families has reported in the lung but not the peripheral blood of normal
not been investigated, and while we have been able to demonstratedividuals [22,30] without any consistent pattern. One of these
that family representation was not significantly different betweenstudies reported clonal populations in nearly all BV gene families
CD4" and CD8 T cell subpopulations, we were not able to in lungs of normal subjects [22], while the other found clonal
determine whether the oligoclonality was present in one or botlexpansions in a few BV families in BAL for each normal
of these lymphocyte subpopulations. All TCRBYV gene families in individual [30]. Clonal expansions were found more often within
blood were polyclonal. the CD8" subset, reflecting previous reports of the blood CD8
Peripheral blood and BAL from asthmatics following allergen population being oligoclonal in nature [40,41]. These studies used
challenge gave BV scans consistent with polyclonal populationslectrophoresis of PCR products on high resolution polyacryla-
using the BV consensus primer. These data suggest that grosside gels to detect PCR products of the same size similar to gene
changes in TCRBV patterns following challenge are not detectscanning methods employed in this study. Heteroduplex analysis
able. However, changes could be detected within individualof PCR products from lung found BV expansions in both blood and
TCRBYV families in BAL, indicating subtle shifts in BAL T cell BAL T lymphocytes of normal subjects [42], but failed to reveal
subpopulations in response to allergen challenge. The three BWligoclonal or clonal populations, but in the lungs of atopic
families (BV5S2/3, BV6, BV7) chosen for detailed study were individuals oligoclonal T cell expansions were found after antigen
selected because they showed significant differences betwegqmovocation of asthmatic airways [43].
blood and BAL by flow cytometry. Three patterns of TCR While Burasteret al. [43] have reported oligoclonal expansion
family usage followed allergen challenge. In the first there wasof T cells after antigen provocation, it is important to note that only
no change in TCR family usage; this pattern was observed in mosine subject in the Burastero study was assessed before and after
cases. In subject ST a clonal BV5S2 population was present beforehallenge. It is therefore unclear whether the oligoclones found in
and after challenge. This indicates, first, that the clonal populatiorthat study genuinely arose novoor were present in the resting
was present in resting lung and could be found in more than on8AL, as we have demonstrated in three of the four asthmatic
segment, and second, that allergen challenge did not bring isubjects studied here in confirmation of other published studies.
TCRBV5S2-bearing cells randomly from the blood, which In conclusion, our findings suggest that (i) population pheno-
would have resulted in dilution of the clonal peak and thetyping studies may fail to detect real changes in the lung following
emergence of a polyclonal background in the TCRBV profile. Inallergen challenge; (i) analyses using a consensus TCRBV primer
two patients (AM and NE) oligoclonal families found prior to covering all families may not be sufficiently sensitive to reveal
challenge were not detectable following allergen stimulation. Thischanges in particular TCR families; (iii) an approach using family-
pattern has been observed previously and presumably reflectpecific primers to search for the appearance of clonal populations
influx of reactive polyclonal lymphocytes from blood associatedmay be a more appropriate method, especially if coupled inith
with inflammation at the site of challenge. This was not, however vitro cultures to assess outgrowth of responding T cell populations.
true for all families tested, and in patients ST and SM oligoclonalSequence analysis of CDR3 regions of these responding clones/
BV7 and clonal BV5S2 families were found after challenge, oligoclones may yield information relevant to allergen-specific
respectively. In both subjects the oligoclonal and clonal populatecognition. Such studies, however, need to be performed both
tions were present after but not before challenge, indicating thabefore and after allergen provocation to assess the relative con-
selective recruitment had occurred following allergen challengetribution of T cells in the resting lung as opposed to a restricted
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study of T cells recruited as a direct and acute response to allergen
exposure. Our bias is that clonal populations identifiednovo

after allergen challenge are more likely to be allergen-specific.

13
The majority of TCRBV families detected in blood by MoAb

staining were also represented in BAL, and while differences

between BAL and blood populations were evident in each indivi-

dual studied, these differences were not consistent between indi-
viduals or between CD4and CD8 T cell subpopulations. These
results are in broad agreement with other published studiegs
[22,30,42,43]. In contrast to previous work we found a consistent
difference between TCR BV7 family expression in blood and BAL

in all individuals studied. Furthermore, BV7 was demonstrated to
be polyclonal in blood and either oligoclonal or polyclonal in BAL. 16
Where oligoclonal or clonal TCR populations were found these
were predominantly in BAL. These data are consistent with the

selection and amplification of specific T cell families in the lung in

response to local antigenic exposure. We conclude that the lung T
cell repertoire is broadly representative of blood T cells, but shows
oligoclonal expansion that may result from response to persistentg
exposure to airborne antigens common to normal and atopic

individuals. Furthermore, allergen challenge

induces subtle

changes in lung TCR populations, but not in blood, consistent

with this observation.
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