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A bs tr ac t

Background

The number of type 2 helper CD4+ T cells is increased in the airways of persons with 
asthma. Whether the majority of these cells are class II major-histocompatibility-
complex–restricted cells or are among the recently identified CD1d-restricted invari-
ant natural killer T cells is a matter of controversy. We studied the frequency of invari-
ant natural killer T cells in the airways of subjects with mild or moderately severe 
asthma to investigate the possibility of an association between the number of invari-
ant natural killer T cells in the airway and disease severity. We also studied wheth-
er an increased number of these cells is a feature of chronic obstructive pulmonary 
disease (COPD).

Methods

We enumerated invariant natural killer T cells by flow cytometry with the use of CD1d 
tetramers loaded with α-galactosylceramide and antibodies specific to the invariant 
natural killer T-cell receptor in samples of bronchoalveolar-lavage fluid, induced spu-
tum, and bronchial-biopsy specimens obtained from subjects with mild or moder-
ately severe asthma, subjects with COPD, and healthy control subjects. Real-time poly-
merase-chain-reaction analysis was performed on bronchoalveolar-lavage cells for 
evidence of gene expression of the invariant natural killer T-cell receptor.

Results

Fewer than 2% of the T cells obtained from all subjects on airway biopsy, bronchoal-
veolar lavage, and sputum induction were invariant natural killer T cells, with no sig-
nificant differences among the three groups of subjects. No expression of messenger 
RNA for the invariant natural killer T-cell–receptor domains Vα24 and Vβ11 was 
detected in bronchoalveolar-lavage cells from subjects with asthma.

Conclusions

Invariant natural killer T cells are found in low numbers in the airways of subjects 
with asthma, subjects with COPD, and controls.
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A sthma is characterized by a speci­
fic form of airway inflammation that is be-
lieved to be orchestrated by CD4+ helper 

T cells of the type 2 (Th2) phenotype in response 
to allergens presented by mucosal dendritic cells.1 
Th2 CD4+ T cells release the cytokines interleu-
kin-4, interleukin-5, and interleukin-13, which play 
key roles in airway inflammation and remodeling.2 
The Th2 CD4+ T cells have been generally accept-
ed to be class II major-histocompatibility-complex 
(MHC)–restricted cells.3 This notion has recently 
been challenged in a study by Akbari and col-
leagues,4 which found that about 60% of the CD4+ 
T cells in the airways of persons with asthma, but 
not those in the airways of healthy persons, are 
invariant natural killer T cells, a subgroup of im-
munoregulatory T lymphocytes restricted by the 
antigen-presenting molecule CD1d. Their study 
also showed that bronchoalveolar-lavage cells chal-
lenged with α-galactosylceramide, a potent stim-
ulus for invariant natural killer T cells, produce Th2 
cytokines, implying a pivotal role in allergic airway 
inflammation.4 There have been two other reports 
of elevated levels of invariant natural killer T cells 
in the airways of persons with asthma,5,6 although 
both of them reported lower cell counts than those 
reported by Akbari et al. More recently, the findings 
of Akbari et al. have been challenged by Thomas et 
al.,7 who found low numbers of invariant natural 
killer T cells (0.4 to 2.1%) in persons with asthma 
not treated with corticosteroids.

We further investigated the role of invariant 
natural killer T cells in airway disease to deter-
mine whether these cells are not only a feature of 
moderately severe asthma requiring treatment with 
inhaled corticosteroids, as reported by Akbari et 
al.,4 but are also abundant in mild asthma and 
chronic obstructive pulmonary disease (COPD). We 
obtained samples from the airways of subjects 
with asthma, subjects with COPD, and healthy 
controls, using bronchoalveolar lavage, sputum 
induction, and bronchial biopsy. We examined the 
specimens for invariant natural killer T cells using 
a combination of f low cytometry and real-time 
polymerase-chain-reaction (PCR) analysis of gene 
expression for the Vα24 and Vβ11 domains of the 
T-cell receptor that characterize invariant natural 
killer T cells.8-10

Me thods

Study Population

The study was approved by the ethics committee 
of the Southampton University Hospitals Trust, 
and all subjects provided written informed con-
sent. Twenty-four subjects with asthma (8 with 
mild asthma not treated with inhaled corticoste-
roids, and 16 with moderately severe asthma treat-
ed with inhaled corticosteroids), 10 subjects with 
COPD meeting established diagnostic criteria,11,12 
and 12 controls were studied (Table E1 in the Sup-
plementary Appendix, available with the full text 
of this article at www.nejm.org). All subjects with 
asthma had had stable symptoms within at least 
6 weeks before enrollment. Of these, 22 subjects 
had atopic asthma, as shown by a positive skin-
prick test for a panel of common allergens, and all 
had bronchial hyperresponsiveness, as demonstrat-
ed by the provocative concentration of histamine 
causing a 20% fall in the forced expiratory volume 
in 1 second of less than 8 mg per milliliter or peak 
flow variability of more than 20%. Five of the 10 
subjects with COPD were studied during an infec-
tious exacerbation to determine whether there was 
any contribution by infection to the involvement of 
invariant natural killer T cells, given the well-estab-
lished role of these T cells in innate immunity.8 
All subjects with COPD had disease ranging from 
stage 0 to stage 3, according to the criteria of the 
Global Initiative for Chronic Obstructive Lung Dis-
ease,12 and were either current or former heavy 
smokers; none had a history of asthma or other 
lung diseases. Exacerbation was defined on clinical 
and radiologic grounds, according to the guide-
lines of the British Thoracic Society.13

Collection and Preparation of the Samples

Sputum induction was performed according to the 
recommendations of the European Respiratory So-
ciety, and the samples were immediately processed 
with the use of dithioerythritol to separate cells 
from the fluid phase of sputum.14 Cell aliquots 
were immediately processed for flow-cytometric 
analysis.

Of the 24 subjects with asthma, 18 (5 with mild 
asthma and 13 with moderately severe asthma) 
underwent fiberoptic bronchoscopy for either bron-
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choalveolar lavage or bronchial biopsy, or both, 
in accordance with the recommendations of the 
American Thoracic Society.15 Cell aliquots from 
bronchoalveolar-lavage fluid were either subjected 
to analysis by flow cytometry or placed into lysis 
buffer for subsequent real-time PCR analysis. 
Specimens obtained on bronchial biopsy were im-
mediately dispersed with the use of collagenase I 
(Sigma) reconstituted in RPMI 1640 without l-glu-
tamine (Cambrex) at 1 mg per milliliter for a 
1-hour period at 37°C (98.6°F).

Phenotypic Analysis

Cell-surface expression of the invariant natural 
killer T-cell receptor was detected on flow cytom-
etry with the use of the seven-color FACSAria cell 
sorter (BD Biosciences) by applying the following 
monoclonal antibodies in combination with anti-
CD3 and anti-CD4 monoclonal antibodies (BD Bio-
sciences): R-phycoerythrin–conjugated anti-Vα24 
monoclonal antibody, fluorescein isothiocyanate 
(FITC)–conjugated anti-Vβ11 monoclonal antibody 
(Immunotech), R-phycoerythrin–conjugated CD1d 
tetramers loaded with α-galactosylceramide and 
R-phycoerythrin–conjugated 6B11 monoclonal an-
tibody directed against the complementarity-deter-
mining–region 3 of the Vα24-Jα18 T-cell receptor 
of invariant natural killer T cells (BD Biosciences).

Nonspecific binding of antibodies to Fcγ recep-
tors was blocked with 2 mg per milliliter of poly-
clonal human IgG (Sigma). Initially, cell doublets, 
which could contain adherent cells (e.g., macro-
phages) and dead cells and thus could bind an-
tibodies nonspecifically, were excluded on gating 
with the use of pulse width and area (Fig. 1, and 
Fig. E1 in the Supplementary Appendix). Dead cells 
were further excluded on the basis of their stain-
ing with the DNA-binding agent propidium iodide 
(Fig. 1, and Fig. E2 in the Supplementary Appen-
dix). Large cells and debris were excluded in the 
forward- and side-scatter plot (Fig. 1). CD3+ T cells 
were gated positively on the basis of their stain-
ing with anti-CD3 antibody conjugated to allophy-
cocyanin, a fluorescent dye that emits light at a 
wavelength beyond the range of autofluorescent 
cells (macrophages). As expected, these CD3+ cells 
were found in a tight group of cells with low 
granularity (black dots, or cells) (Fig. 1, and Fig. 
E1 in the Supplementary Appendix). Finally, 
CD3+CD4+ T cells were gated on the basis of their 
staining with anti-CD4 antibody. (The gating strat-
egy is described in detail in Fig. E1 through E6 in 
the Supplementary Appendix.)

Quantitative, Real-Time PCR

We used oligonucleotide probes for real-time PCR 
of the genes encoding Vα24 (TRAV10, according to 
the International ImMunoGeneTics [IMGT] infor-
mation system nomenclature) and Vβ11 (TRBV25-1) 
as well as probes to detect expression of the con-
stant chain of the T-cell receptor (TRBC2 gene) 
(PrimerDesign). The primers were aligned with 
other variable regions to confirm that there was 
no significant homology with any other variable 
region (for primer detection kits, see the Supple-
mentary Appendix).

R esult s

Bronchoalveolar-Lavage Analysis

The initial flow-cytometric analyses for invariant 
natural killer T cells were performed on samples 
of bronchoalveolar-lavage fluid obtained from sub-
jects with asthma, permitting direct comparisons 
with previous studies of invariant natural killer 
T cells in asthma4 and sarcoidosis.16 The analysis 
of samples obtained from 11 subjects with asthma 
(3 with mild asthma and 8 with moderately severe 
asthma) using the Vα24 and Vβ11 monoclonal 
antibodies, which detected all invariant natural 
killer T cells,8-10 showed that invariant natural kill-
er T cells constituted less than 2% of the CD3+ 
cells and less than 1.5% of the CD3+CD4+ cells 
(Table 1). Similar counts were obtained when we 
used CD1d tetramers loaded with α-galactosyl
ceramide17 or the 6B11 monoclonal antibody (Fig. 
1 and 2 and Table 2). Routine total and differen-
tial cell counts of bronchoalveolar-lavage cells are 
shown in Table 3.

To create a positive control for detecting invari-
ant natural killer T cells in bronchoalveolar-lavage 
cells with the use of flow cytometry, we “spiked” 
a bronchoalveolar-lavage sample with cells from 
the invariant natural killer T-cell clone (for vali-
dation of the cell clone, see Fig. E7 in the Supple-
mentary Appendix). Using the gating principles 
outlined in Figure 1 and Figure 2, we detected in-
variant natural killer T cells in the spiked sample, 
with the relative numbers (percentages of total 
CD3+ T cells) corresponding to the numbers of 
added invariant natural killer T cells (Fig. 3). This 
confirmed the ability of both the antibodies used 
and the gating strategy to detect invariant natu-
ral killer T cells. Further phenotyping of CD3+ 
CD4+ cells showed these cells to be predominant-
ly activated memory T cells expressing CD69 and 
CD45RO (Fig. E8 in the Supplementary Appendix).
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