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Summary

Cytotoxic T lymphocytes (CTL) and natural killer (NK) cells have a key role in
host defence against infectious pathogens, but their response to bacteria is not
well characterized. Non-typeable Haemophilus influenzae is a major cause of
respiratory tract infection including otitis media, sinusitis, tonsillitis and
chronic bronchitis (especially in chronic obstructive pulmonary disease and
bronchiectasis). This bacterium is also present in the pharynx of most healthy
adults. The primary factor that may determine whether clinical disease occurs
or not is the nature of the lymphocyte response. Here we examined the CTL
cell and NK cell responses to nontypeable H. influenzae in healthy control
subjects and in subjects who had bronchiectasis and recurrent bronchial
infection with this bacterium. Cells were stimulated with live H. influenzae
and intracellular cytokine production and release of cytotoxic granules
measured. Control subjects had significantly higher levels of interferon
gamma production by both CTL and NK cells, while levels of cytotoxic
granule release were similar in both groups. The main lymphocyte subsets
that proliferated in response to H. influenzae stimulation were the CTL and
NK cells. The results suggest that CTL and NK cell responses may be impor-
tant in preventing disease from nontypeable H. influenzae infection.
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Introduction

Cytotoxic T lymphocytes (CTL) and natural killer (NK)
cells are fundamental to host defence against pathogenic
microorganisms. They have cytotoxic functions mediated by
release of cytotoxic granules and Fas ligand and also produce
cytokines. These two types of lymphocytes act against intra-
cellular pathogens (NK cells are also involved in innate
immune responses and priming adaptive immunity). Their
best described effect is protection against viruses. There have
only been several bacteria to which CTL and NK cell
responses have been well defined; these include Salmonella
typhimurium, Listeria monocytogenes and Mycobacterium
tuberculosis [1–3].

Non-typeable Haemophilus influenzae (NTHi) is a fas-
tidious Gram-negative bacterium that does not have a
polysaccharide capsule, which distinguishes it from type-
able forms of H. influenzae (such as type b or Hib) and is
found in the nasopharynx of up to 75% of healthy adults
[4]. It is also a major cause of respiratory infection which
includes otitis media, sinusitis, tonsillitis, pneumonia and
bronchitis [4–8]. Infection with NTHi is often chronic and

this bacterium has evolved a number of mechanisms which
enable it to persist in the human host [5]. Recently it has
been recognized that NTHi is capable of extensive invasion
of lung parenchyma [9] and intracellular survival inside
monocytes/macrophages [10–13] and respiratory tract epi-
thelial cells [8,14].

Non-typeable H. influenzae is a prevalent pathogen in
chronic obstructive pulmonary disease (COPD) and
bronchiectasis. COPD is one of the world’s major health
problems, the fourth leading cause of mortality worldwide,
and its prevalence is predicted to increase significantly [15].
Bronchiectasis is a form of severe bronchitis characterized by
chronic infection and bronchial widening, affects over
110 000 adults in the United States [3] and has significant
overlap with COPD (up to 50% of subjects with COPD have
evidence of bronchiectasis on computed tomography (CT)
scanning [16,17]). The most common cause of bacterial
colonization in COPD and bronchiectasis is NTHi [8,17–
21]. Subjects with COPD and bronchiectasis are subject to
recurrent exacerbations which often require hospitalization
and have a high mortality rate. The most common pathogen
isolated in exacerbations is NTHi [8,18,22].
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The nature of the immune response to NTHi is not well
defined. It has been shown that lymphocyte proliferation to
the outermembrane protein P6 of NTHi is associated with
protection from exacerbations in COPD [23]. The authors
have demonstrated that a T helper (Th) cell type 1 immune
response with interferon (IFN)-g and CD40 ligand produc-
tion was protective and subjects with bronchiectasis and
chronic bronchial infection with NTHi did not make a pro-
tective response [24]. These results suggest that lymphocyte
responses may be important in preventing clinical disease.
The authors also observed that there were other classes of
lymphocytes that produced IFN-g apart from Th cells
(unpublished data). As NTHi has been shown to be present
intracellularly, the authors hypothesized that CTL and NK
cells may be involved in the immune response to NTHi.

A cohort of healthy control subjects (who had detectable
antibody to NTHi) and bronchiectasis subjects with recur-
rent NTHi airway infection were assessed for their CTL and
NK cell response to NTHi. Peripheral blood mononuclear
cells (PBMC) were incubated with live NTHi overnight, and
the next day intracellular cytokine production and release of
cytotoxic granules were measured (by surface expression of
CD107a) using flow cytometry. The results showed that
control subjects had significantly higher levels of IFN-g pro-
duction by both CTL and NK cells than bronchiectasis
subjects. The expression of CD107a was similar in both
groups. Lymphocyte proliferation to NTHi was assessed in
control subjects by carboxyfluorescein diacetate, carboxy-
fluorescein succinimidyl ester (CFSE) staining and the main
lymphocyte subsets that proliferated were the CTL and NK
cells. These results suggest that CTL and NK cells have a role
in host defence against NTHi.

Materials and methods

Subjects

Peripheral blood was obtained after informed consent from
healthy control subjects [n = 15, mean age: 58·7 � 15·0 years
(standard deviation: SD)] and bronchiectasis subjects
(n = 14, mean age: 58·9 � 12·7 years). The bronchiectasis
subjects had been screened for underlying causes of bron-
chiectasis (clinical and laboratory assessment including;
cystic fibrosis mutation analysis, full blood examination,
immunoglobulins, lymphocyte subsets and proliferation,
complement and neutrophil function) and 13 were classified
as having idiopathic bronchiectasis and one as having disease
in association with COPD. Bronchiectasis subjects were
tested when clinically stable (i.e. they had not had an exac-
erbation in the past month), and H. influenzae was the
dominant bacteria isolated from their sputum with at least
two isolates in the past 2 years. The bronchiectasis patients
were not taking systemic immunosuppressive medication
and all subjects were living independently and did not have
other major illnesses. Only one subject had been a smoker.

Bronchiectasis was diagnosed with high-resolution CT scan-
ning using standard criteria [25]. The bronchiectasis subjects
had moderate airflow obstruction [mean forced expiratory
volume in 1 s of 65 � 23% (SD)]. This project was approved
by the Ethics Committee of Monash Medical Centre/
Monash University.

All control and all bronchiectasis subjects had detectable
antibody to two forms of inactivated NTHi antigen
(described below) using a standard sandwich enzyme-linked
immunosorbent assay (ELISA), as described previously [24].
Thus all subjects had developed an adaptive immune
response to NTHi.

Antigen

Inactivated NTHi antigen was used to quantify antibody
responses and live NTHi was used to measure lymphocyte
responses. Two forms of NTHi antigen were used. The first of
these was a pooled antigen obtained from nine separate
sputum isolates that had been heat-inactivated and soni-
cated as described previously to give a lysate antigen [24].
The second form was outermembrane P6 (gift from Profes-
sor T. F. Murphy, Buffalo, NY, USA) that had been used
previously to quantify antibody responses [26]. To measure
lymphocyte responses, live isolates of NTHi were used. These
live isolates had been obtained from sputum samples of
patients (two from subjects with COPD and two from sub-
jects with bronchiectasis). Isolates were shown to be non-
typeable by biotyping and shown to be distinct isolates by
different outermembrane protein expression [27]. Isolates
were designated as MU/MMC 1–4 (or as strains 1–4 in
Fig. 5). Most experiments were performed using MU/MMC
1. Isolates of NTHi were grown on chocolate agar and incu-
bated at 37°C in 5% CO2 and replated every 2–4 days. All
four strains were sensitive to gentamicin, a concentration of
100 mg/ml caused 100% killing of 108 bacteria in 1 h.

Preparation of PBMC and live NTHi

Peripheral blood mononuclear cells were isolated from hep-
arinized venous blood by Ficoll-Hypaque density gradient
centrifugation (GE Healthcare, Melbourne, Australia).
PBMC were resuspended in culture medium [RPMI-1640
(JRH, Lenexa, KS, USA), 10% fetal calf serum (JRH), 1%
l-glutamine (Sigma, Melbourne, Australia)] and cell counts
performed using a haemocytometer. Live NTHi was sus-
pended in phosphate-buffered saline (PBS) and concentra-
tion quantified using McFarlane Standard (Bio-Merieux,
Marcy-I’Etoile, France). A control sample and NTHi were set
up in two tubes with the PBMC in culture medium. For the
NTHi tube live bacteria were added at a concentration of
10 : 1 (to an average of 1–2 ¥ 106 PBMC) and incubated at
37°C in 5% CO2 for 4 h to enable uptake of bacteria by
antigen-presenting cells. Gentamicin was then added to kill
all extracellular NTHi. The two tubes were then incubated
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overnight at 37°C in 5% CO2 to allow the antigen-presenting
cells to stimulate the lymphocytes.

Measurement of antigen-specific CTL and NK cell
responses by flow cytometry

Previously published flow cytometry techniques were modi-
fied to measure cytokine production by CTL and NK cells to
stimulation with NTHi [24,28]. The next day anti-CD107a
(BD, San Diego, CA, USA) was added and tubes were incu-
bated at 37°C, 5% CO2 for 1 h and then Brefeldin A (Sigma)
added at final concentration of 10 mg/ml and incubated at
37°C, 5% CO2 for 5 h. Cells were then washed once with 1%
bovine serum albumin/PBS, resuspended in 2% paraform-
aldehyde (Sigma) and incubated on ice for 30 min. Cells
were then resuspended in 0·2% saponin/PBS (Sigma) and
incubated on ice for 5 min. Cells were then spun and resus-
pended in 0·2% saponin/PBS for antibody staining. Various
combinations of antibodies [CD107, IFN-g, CD56, interleu-
kin (IL)-2, IL-4, IL-13 (BD), CD3 (Beckman Coulter, Fuller-
ton, CA, USA), CD8, CD4 (Caltag, Burlingame, CA, USA)
and CD19 (Dako, Carpinteria, CA, USA)], were added.
Samples were then vortexed and incubated on ice
for 30 min. Finally, samples were washed with 1 ml 0·2%
saponin/PBS and resuspended in 400 ml of fluorescence acti-
vated cell sorter (FACS) wash and analysed using five colours
on a Mo-Flo (Cytomation, Boulder, CO, USA) flow cytom-
eter with Summit software.

Some modifications were made for specific measure-
ments. To assess the effect of blockage of the type I major
histocompatibility complex (MHC) on CTL cytokine pro-
duction, a MHC-I blocking antibody [HLA class 1 W632
(Sapphire Bioscience, Melbourn, Australia)] was added
when the NTHi was incubated with the PBMC. The super-
antigen Staphylococcus enterotoxin-B (SEB) (Sigma) was
used as a positive control for some experiments. Two differ-
ent time-points were also used for the addition of CD107a.

Cytotoxic T cells were designated as CD3+ CD8+, NK cells
as CD3- CD56+ and Th cells as CD3+ CD4+. For analysis of
CTL and Th cell responses at least 100 000 live events were
collected for analysis and for NK cell responses at least
20 000 live events. Results were calculated by subtracting
cytokine production from cells incubated with a control
antibody from those stimulated with NTHi.

Carboxyfluorescein succinimdyl ester
proliferation assay

Mononuclear cells were isolated as described previously and
a published method was used to measure CFSE proliferation
[29]. For CFSE labelling of mononuclear cells a working
dilution of CFSE (Molecular Probes, San Diego, CA, USA)
was prepared just prior to staining: a final working concen-
tration of 7·5 mM CFSE was used to label cells incubated for
10 min in a 37°C water-bath before quenching the staining

with ice-cold sRPMI (RPMI + 10% FCS + 1% l-glutamine).
Cells were washed with ice-cold sRPMI and resuspended in
warmed sRPMI.

To stimulate CFSE-labelled cells, control, NTHi and SEB
samples (NTHi 10:1, SEB 1 mg/ml) were incubated at 37°C,
5% CO2 and cells were resuspended in FACSWash and
labelled with appropriate antibodies for 20 min at room
temperature and then washed, resuspended and run on the
Mo-Flo flow cytometer.

Statistics

The data were analysed using Prism software (version 2·0,
GraphPad software, San Diego, CA, USA) using Student’s
unpaired t-test or paired t-test as appropriate. Analysis of
variance was used to analyse difference between strains. Dif-
ferences with a P-value of less than 0·05 were considered
significant. Results are expressed as mean � standard error
of the mean.

Results

Cytokine production by lymphocyte subsets

We measured cytokine production of the different lympho-
cyte subsets (cytotoxic T cells, NK cells and Th cells) in the
control and bronchiectasis groups. To assess this response a
variety of different forms of NTHi antigen were used in
preliminary experiments. Initially, the lysate antigen that had
been used previously to assess Th cell responses was used.
However, with this antigen there was no measurable
response made by CTL or NK cells. NTHi outer-membrane
protein P6 and a peptide form of P6 [peptide antigens have
been used previously to measure responses to pathogens
including cytomegalovirus [30]] were tried, but again there
was no detectable response. Finally, live NTHi was used and
this produced a strong response; therefore, live NTHi was
used to measure lymphocyte cytokine responses. For most
experiments the strain MU/MMC1 was used.

Interferon-g was the dominant cytokine produced by
cytotoxic T cells after being stimulated with live NTHi in
control subjects. A significant difference was observed in
levels of CTL production of IFN-g that was more than five-
fold higher in the control group. In contrast, production of
other cytokines, IL-2, IL-4 and IL-13, were similar in both
groups (Fig. 1a). Similarly, measurement of cytokine
responses by NK cells demonstrated that levels of IFN-g were
more than twofold higher in controls (P = 0·005), while
levels of IL-4 were not significantly different between the two
groups (Fig. 1b).

When live NTHi was used to test Th cell responses, control
subjects had fourfold higher levels of IFN-g production than
bronchiectasis subjects (Fig. 1c), similar to the result
obtained using the lysate antigen. The main difference
between the two different forms of antigen was that live
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NTHi produced almost 10 times the level of cytokine
production. Cytokine staining in one control subject for the
different lymphocyte subsets is demonstrated in Fig. 1d.

CD107a expression by CTL and NK cells

We adopted a recently described assay using CD107a expres-
sion to measure cytotoxic granule release [28]. Cytotoxic

granules are contained inside vesicles. When triggered by
antigen presentation the vesicles move to the surface of the
CTL (and NK cell) to release granules; when this occurs the
inside surface of the vesicle is exposed for a period before
being reincorporated into the cell. CD107a is expressed on
the inner surface of the vesicle and monoclonal antibodies
have been developed which bind to it. By measuring CD107a
expression it is possible to directly quantify the release of
cytotoxic granules and correlate this with the release of other
mediators, such as IFN-g.

To validate the method, preliminary experiments were
performed in which cells were stimulated with SEB. This
produced a prominent up-regulation of CD107a production
by CTL cells in control subjects. An example is demonstrated
in Fig. 2c.

Stimulation with live NTHi produced up-regulation of
CD107a expression in CTL cells. Levels of CD107a expres-
sion were similar in both control and bronchiectasis groups
(Fig. 2a). Only a small proportion of cells expressing
CD107a also stained for IFN-g (about 10% in both groups).
NK cell stimulation resulted in up-regulation of CD107a
expression and levels were similar in both groups. Approxi-
mately 30% of the NK cells expressed both CD107a and
IFN-g (Fig. 2b). The results suggest that production of cyto-
toxic granules and IFN-g in response to stimulation with
NTHi may be mediated through different pathways. As was
the case with IFN-g production, the percentage of NK cells
expressing CD107a was 10-fold higher than that of CTL
cells, suggesting that these cells are metabolically very active
in response to this stimulus. Expression of CD107a and
IFN-g in a control subject is demonstrated in Fig. 2c.

Natural killer cells; CD56bright and CD56dim

subset responses

Natural killer cells can be divided into two different subsets
based on their cell-surface density of CD56: CD56bright and
CD56dim, each with distinct properties [31]. The CD56dim

NK cell subset is highly cytotoxic, expresses high levels of
CD16 and comprises approximately 90% of NK cells. In

(a)

IFN-γ

IFN-γ

Bronchie-
ctasis

Control Bronchie-
ctasis

Control

Bronchie-
ctasis

Control Control Bronchie-
ctasis

Bronchie-
ctasis

Control Bronchie-
ctasis

Control

Bronchie-
ctasis

Control Bronchie-
ctasis

Control

0·00

0·25

0·50

0·75

1·00

*

%
 o

f 
C

T
L
 c

e
lls

IL-4

0·00

0·25

0·50

0·75

1·00

%
 o

f 
C

T
L
 c

e
lls

IL-2

0·000

0·025

0·050

0·075

0·100

%
 o

f 
C

T
L
 c

e
lls

IL-13

0·00

0·01

0·02

%
 o

f 
C

T
L
 c

e
lls

(b)

0·0

2·5

5·0

7·5

10·0

%
 o

f 
N

K
 c

e
lls

**

IL-4

IFN-γ

IFN-γ

IL-4

0·00

0·25

0·50

0·75

1·00

%
 o

f 
N

K
 c

e
lls

(c)

0·0

0·5

1·0

1·5

 *%
 o

f 
T

h
 c

e
lls

0·0

0·1

0·2

0·3

%
 o

f 
T

h
 c

e
lls

(d)

CTL cells NK cells Th cells 

IL-4

CTL cells and NTHi NK cells and NTHi Th cells and NTHi

100

101

102

103

104

100 101 102 103 104 100

101

102

103

104

100 101 102 103 104 100

101

102

103

104

100

101

102

103

104

100

101

102

103

104

100

101

102

103

104

100 101 102 103 104

100 101 102 103 104 100 101 102 103 104 100 101 102 103 104

0·1

0·1 1·0 0·5

0·7 0·4

0·1 1·8

1·8 16·0 3·7

0·3
R7 R11

Fig. 1. Cytokine production of lymphocyte subsets stimulated using

live non-typeable Haemophilus influenzae in control (n = 15) and

bronchiectasis (n = 14) subjects. Responses were measured using

intracellular cytokine staining and flow cytometry. (a) Cytokine

production by cytotoxic T cells. Levels of interferon (IFN)-g were

significantly higher in the control group (*P = 0·023), but levels of

other cytokines interleukin (IL)-2, IL-4 and IL-13 were similar in both

groups. (b) Cytokine production by natural killer (NK) cells. Levels of

IFN-g were significantly higher in the control group (**P = 0·005), but

levels of IL-4 were similar in both groups. (c) Cytokine production by

T helper cells. As with the cytotoxic lymphocyte (CTL) and NK cells,

the levels of IFN-g were significantly higher in the control group

(*P = 0·025). (d) Example of cytokine staining for IFN-g and IL-4

in a control subject.
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contrast, the CD56bright NK cell subset produces abundant
cytokines but has low cytotoxicity. Cells could be distin-
guished clearly on the basis of their staining for CD56
into CD56bright and CD56dim populations (Fig. 3a). Both NK
subsets demonstrated up-regulation of CD107a and IFN-g
staining following stimulation with NTHi. However, the
CD56bright subset produced significantly higher levels of
IFN-g than the CD56dim subset in both control and bron-
chiectasis subjects (Fig. 3b). In contrast, levels of CD107a
production were not significantly different between the two
NK subsets (Fig. 3c). As the CD56dim NK cell subset was

much greater in numbers, most of the IFN-g produced by
the NK cells came from this subset. An example of a
control subject is shown in Fig. 3d.

Cytotoxic T cell response: effect of blocking of MHC-I

The mechanisms of intracellular behaviour and antigen pre-
sentation of NTHi are not well defined. Cytotoxic T cells may
be activated through MHC-I or through CD1 pathways
[32,33]. A recent study suggested that the CD1 pathway was
the primary activating pathway for human CD8+ T cell
responses to live M. tuberculosis infection and was particu-
larly important in the production of IFN-g [34]. To assess
whether MHC-I presentation was involved in activation of
CTL cell responses to NTHi, a MHC-I blocking antibody was
added with the bacteria and the effect was measured in five
control subjects, resulting in a mean reduction of 70% of
IFN-g production by CTL cells (Fig. 4). This result implies
that MHC-I presentation is important in activating cytotoxic
T cell responses to NTHi.

Responses to different strains of NTHi

Non-typeable H. influenzae is a diverse pathogen with over
100 different subtypes [10]. Subjects are often infected
simultaneously with multiple different subtypes [9,26].
Strain MU/MMC 1 appeared to be an appropriate choice to
test immune responses, but we also wanted to assess the
response to other isolates. Therefore, the response to four
different strains of NTHi was tested in five control subjects.
All strains produced measurable IFN-g and CD107a and
there were modest differences in responses between the dif-
ferent strains. No significant differences were seen with
CD107a (Fig. 5). The numbers of subjects tested were small,
but the results imply that MU/MMC 1 was an appropriate
strain to use for the testing of immune responses and all four
strains of NTHi produced a detectable response.

Proliferation of different lymphocyte subsets measured
by CFSE labelling

A key feature of the adaptive immune response is the expan-
sion of lymphocyte subsets following antigen exposure.
Lymphocyte proliferation to stimulation with P6 NTHi
protein measured by thymidine incorporation has been
shown previously to be protective against infectious exacer-
bations in COPD. We were interested in assessing which
subsets of lymphocytes in healthy controls would proliferate
with stimulation with NTHi. To assess subset proliferation,
lymphocytes from controls (n = 9) were labelled with CFSE
and incubated with (i) SEB and (ii) NTHi for 7 days. Cells
were then labelled with subset markers and analysed using
flow cytometry. Proliferation was assessed by the total
number of cells that had proliferated (in response to stimu-
lation) over the week minus the proliferation that has
occurred in unstimulated cells [29].
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Stimulation with SEB produced strong T cell (Th and
CTL) proliferation in all subjects, but no measurable NK or
B cell proliferation. In contrast, a different pattern occurred
with NTHi stimulation; seven of nine subjects had NK cell

proliferation and six of nine subjects had CTL proliferation,
three subjects had B cell proliferation and, surprisingly, only
one had detectable Th cell proliferation. An example of a
subject’s response is shown in Fig. 6a. Analysis of the
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Fig. 3. Responses of CD56bright and CD56dim natural killer (NK) cell

subsets to stimulation with non-typeable Haemophilus influenzae in

control (n = 15) and bronchiectasis (n = 14) subjects. (a) Dot plot of

cytokine staining of lymphocytes for CD3 and CD56. NK cells were

negative for CD3 and could be divided into bright (R5) and dim (R4)

populations on the basis of their intensity of staining for CD56. (b) In

both control (**P = 0·004) and bronchiectasis subjects (*P = 0·046)

the CD56bright NK subset produced significantly higher levels of

interferon (IFN)-g than the CD56dim NK cell subset. (c) In both

control and bronchiectasis subjects there was no significant difference

in CD107a production between the two NK subsets. (d) Cytokine

staining for CD107 and IFN-g in CD56bright and CD56dim NK cell

subsets in a control subject.
�
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CD56bright NK cell subset demonstrated that these cells pro-
liferated when unstimulated and this increased with the
addition of NTHi, suggesting that these cells are very active
metabolically. An example is shown in Fig. 6b.

Discussion

We and another group have reported previously that lym-
phocyte responses may be important in protection against
infection with NTHi. In this study we show that live NTHi
induces a clear response in CTL and NK cells in both con-
trols and in subjects with chronic bronchial infection. Pro-
tective immune responses in controls were characterized by
higher levels of IFN-g production than in bronchiectasis
subjects. Levels of cytotoxic granule release as assessed by
CD107a expression were not different. Cytotoxic T cells and
NK cells proliferated in response to NTHi. This information
suggests that CTL and NK cells have an important role in
host defence against NTHi.

The CTL has a key role in host defence by mediating the
killing of intracellular pathogens. Most CTL responses have
been described against viral pathogens. Cytotoxic T cell
responses have been described against only a few bacteria,
which include L. monocytogenes, M. tuberculosis and

S. typhimurium [1]. Cytotoxic T cells have been recognized
to be producers of large quantities of cytokines. Levels of
IFN-g were significantly higher in the control group com-
pared with the bronchiectasis patients, and this cytokine may
have an important role in preventing infection from NTHi.
IFN-g production has been shown to be essential for clear-
ance of M. tuberculosis following lung infection with NTHi
[35,36] and transferred T cells provide protection only if
they produce IFN-g [37]. Th cells are thought to be impor-
tant in the initial response to tuberculosis and CTL cells are
important (with Th) in controlling latent infection [1]. For
infection with L. monocytogenes, IFN-g production by CTL
cells is important and this may be an innate immune
response [3]. Infection with S. typhimurium produces a
marked up-regulation of T cell function, with 20–30% of
CD8+ T cells producing IFN-g [38]; the actual effect of these
cells is not well defined.

Cytotoxic T lymphocytes produce cytotoxic granules,
granzyme and perforin which kill cells infected with intrac-
ellular pathogens. Assessment of the release of cytotoxic
granules has been performed generally by measuring the
death of target cells using methods such as the chromium
release assay [39] or the release of fluorescent dyes from
target cells [40,41]. The authors measured CD107a expres-
sion, which allows direct quantification of CTL cell function
[28]. This method also has the advantage of over other tech-
niques in being able to measure simultaneous cytokine
production. The results showed that both control and bron-
chiectasis subjects had measurable CD107a and levels were
similar between the two groups. Interestingly, there was no
close association between degranulation and cytokine pro-
duction, specifically IFN-g release. While it would be
expected that activated cells would produce both cytotoxic
granzymes and cytokines, it has been observed in some
patients and with different antigens that this may not occur
[28]. The measurement of Fas ligand expression would add
significantly to characterizing the behaviour of the CTL cell
response, but we were not able to measure this using flow
cytometry.

The intracellular behaviour and antigen presentation of
NTHi is not well understood. In this study, the main pathway
of cytotoxic T cell response and IFN-g production appeared
to be mediated through MHC-I presentation. This effect in
the PBMC solution is likely to be mediated predominantly
through monocytes. In vivo, dendritic cells and infected epi-
thelial cells would also be expected to activate CTL cells. For
dendritic cells this effect could be mediated through the
CD1 pathway [34]. The involvement of the MHC-I path-
way implies cytosolic presentation of NTHi antigen by
monocytes/macrophages. It is possible that NTHi may
behave like L. monocytogenes escaping from the phagosome
into the cytoplasm of infected cells [42]. However, in
M. tuberculosis infection, both cytosolic and noncytosolic
pathways may be involved in access of antigens to the MHC-I
processing pathway [33].
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Fig. 5. Response of cytotoxic T cells and natural killer (NK) cells to

stimulation with four different isolates of non-typeable Haemophilus

influenzae in controls (n = 5). All four different isolates produced

measurable interferon (IFN)-g and CD107a expression, but there were

some differences between strains. (a) Cytotoxic lymphocyte (CTL) cell

production of IFN-g with strain 1 (MU/MMC 1) producing higher

levels of IFN-g than strain 4 (*P = 0·021). (b) NK cell production of

IFN-g with strain 1 producing significantly higher levels of IFN-g than

strain 3 (**P = 0·004) and strain 4 (**P = 0·003). (c) CTL production

of CD107a. (d) NK cell production of CD107. Differences between

different groups were analysed using analysis of variance.
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The immune response of NK cells to bacteria is still not
well characterized, and bacteria which induce an NK cell
response include Shigella flexneri, L. monocytogenes and
M. tuberculosis [2]. In this study the response of NK cells was
similar to that measured in cytotoxic T cells. The main
cytokine produced was IFN-g and levels were significantly
higher in controls than bronchiectasis subjects with chronic
NTHi infection. Levels of cytotoxic granule release were
similar in both groups. Production of IFN-g by NK cells
is thought to have a crucial role in protection against
L. monocytogenes [3]. How much of the response was
directed against intracellular NTHi and how much was due
to the innate immune response was not assessed. The innate
NK cell response with its production of IFN-g may be impor-
tant in driving protective CTL and Th cell responses.

It has been shown previously that lymphocyte prolifera-
tion to NTHi is associated with protection from exacerba-
tions in COPD [23]. The CFSE assay demonstrated that the
CTL and NK cells are the main lymphocyte subtypes that
proliferate in controls in response to NTHi. The CD56bright

NK cells appeared to be active in response to NTHi and these
cells may be important in priming a protective immune
response by the production of IFN-g. Sarcoidosis is thought

to be a Th1-driven immune disorder, and the dominant
bronchial NK cell subset in this condition has been shown to
be the CD56bright NK cells [43]. It would be of interest to
characterize the lymphocyte subset responses further by
studying the bronchiectasis patients and also by measuring
mediator release from the proliferating cells.

This study and previous work by the investigators have
shown that both control and bronchiectasis subjects all have
detectable antibody to NTHi that is of similar titre. It has
been demonstrated previously that immunoglobulin with
complement is bactericidal for NTHi and this would be pre-
dicted to be important in defence against extracellular
bacteria. In controls, IFN-g production by Th cells, cytotoxic
T cells and NK cells was associated with protective immunity
and subjects with bronchiectasis and chronic NTHi infection
had significantly lower levels of IFN-g production. These
results imply that the subjects with chronic NTHi infection
may make a non-clearing immune response against intrac-
ellular NTHi, and this would explain the persistence of infec-
tion and clinical disease. However, it is possible that other
mechanisms may be involved. To establish further the sig-
nificance of these findings will require a clearer understand-
ing of both the intracellular behaviour of NTHi and the

Fig. 6. Lymphocyte subset proliferation

measured by carboxyfluorescein succinimidyl

ester in control subject. (a) Lymphocyte subset

proliferation with control, Staphylococcus

enterotoxin-B (SEB) and non-typeable

Haemophilus influenzae (NTHi) in a typical

patient. In the unstimulated cells there was

some proliferation of the natural killer (NK)

cell population. The SEB produced strong

stimulation of the T cell populations, but no

obvious response could be measured from the

other lymphocyte subsets. The NTHi produces

proliferation predominantly in the NK cells and

with some proliferation in cytotoxic

lymphocyte and B cell populations. (b)

Example of CD56bright NK cell proliferation,

showing proliferation at baseline which was

increased with the addition of NTHi. CTL,

cytotoxic T lymphocytes; CFSE,

carboxyfluorescein succinimidyl ester.
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nature of the host defence to this bacterium, particularly the
mucosal immune response.

Enhancing the immune response to NTHi may have
therapeutic implications. IFN-g, which has been used to treat
subjects with chronic granulomatous disease and reduces
infections by 70% [44], could potentially have a role against
NTHi. Other cytokines, such as IL-2 which enhances NK cell
function (especially the CD56bright cells) [31,45] and IL-12
which enhances Th1 responses, may also be useful. A vaccine
against NTHi would have enormous potential. Vaccine
developments against NTHi have concentrated generally on
inactivated vaccines to induce humoral immune responses.
However, as subjects with chronic NTHi infection have anti-
bodies that do not seem to protect against respiratory infec-
tion, this approach may have limited effectiveness. Live-
attenuated vaccines may have the potential to induce more
effective T cell immunity. Defining the nature of the protec-
tive immune response to NTHi may provide important
information for vaccine development.

Non-typeable H. influenzae is a major cause of chronic
respiratory infection particularly chronic bronchitis. It is the
most common bacterial pathogen isolated in both bron-
chiectasis and COPD. The findings from this study empha-
size the importance of cellular immune responses in host
defence against NTHi. Protective immunity is characterized
by IFN-g production by cytotoxic T cells and NK cells. Sub-
jects with bronchiectasis and chronic NTHi infection fail to
make a protective response. Further defining the immune
response to NTHi may help to clarify the pathogenesis and
treatment of chronic bronchitis.
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