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Summary

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory
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proven disease-modifying effect. The mechanisms underlying this resistance
are largely unknown, but suggest the presence of some self-maintaining
pathogenic process, possibly initiated by cigarette smoking, that prevents the
normal resolution of inflammation. We have previously reported increased
production of proinflammatory cytokines and granzyme b by CD8" T cells in
COPD; costimulatory receptor/ligand interactions required include CD80:86/
CD28, B7-1/CTLA4, 4-1BB/1BBL and OX40/0X40L. We hypothesized that
a dysregulated expression/function of these molecules may play a role in
inflammatory/autoimmune components of COPD. We analysed T cell
co-stimulatory molecules in blood from 34 controls, 15 smokers and 48
COPD subjects. We assessed the potential functional relevance of CD8/
CD28™" cells in COPD by measuring their production of proinflammatory
cytokines, co-stimulatory molecules, granzyme and perforin. A smoke-
exposed murine model was applied to investigate the relative expression of
CD8/CD28™" T cells in blood, lung tissue and airway. CD8/CD28™" cells were
increased in both current- and ex-smoker COPD groups; these cells expressed
significantly more interferon (IFN)-y, OX40, 4-1BB, CTLA4, granzyme and
perforin when stimulated than CD8/CD28"* T cells. There were no changes in
CD4/CD28™! T cells. In mice exposed to cigarette smoke for 12 weeks, CD8/
CD28™!' T cells were significantly increased in the airway with a trend for an
increase in lung tissue and blood. Increased production of proinflammatory
cytokines and expression of alternative co-stimulatory molecules by CD8/
Accepted for publication 27 June 2011 CD28™" T cells may play a role in inflammatory or autoimmune responses in
COPD and identify therapeutic targets.
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. ated by cigarette smoking, that prevents the normal resolu-
Introduction . .
tion of the inflammatory response. Several groups have

Chronic obstructive pulmonary disease (COPD) is a leading
cause of death worldwide. Although some reduction in the
prevalence of smoking has recently been achieved, the lag
time of 20-50 years will mean that there will be no reduction
in incidence of COPD in the near future. Existing treatments
are largely symptomatic, and the only approved anti-
inflammatory medication, corticosteroids, has no proven
disease-modifying effect [1]. The mechanisms underlying
this resistance are largely unknown, but suggest the presence
of some self-maintaining pathogenic process, possibly initi-
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shown that smoking induces an irreversible change in the
transcriptome of airway cells, such that ex-smokers resemble
current smokers more closely than never-smokers, even after
many years of smoking cessation [2,3]. Although these find-
ings have generated considerable interest, the real challenge
is to determine how this altered state translates into disease
pathogenesis. While there may be a direct pathogenic role for
certain altered proteins, an indirect role via the recognition
of altered self-antigens could plausibly be a mechanism of
much broader relevance, as this would not depend directly
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on the functionality of altered proteins. Evidence for an
autoimmune component of COPD has been presented by
several groups [4-7]. In support of this, our group has
reported increased production of T helper type 1 (Thl)
proinflammatory cytokines interferon (IFN)-y and tumour
necrosis factor (TNF)-o. by CD8" T cells in peripheral blood
in COPD [8]. We and others have also shown that smoking
and COPD are associated with increased numbers of cyto-
toxic CD8" T cells in blood and airway [9-11]. These cells
were also shown to produce higher levels of the cytotoxic
mediators granzyme b and perforin compared to healthy
never smokers [12].

Major histocompatibility complex-T cell receptor
(MHC-TCR) signalling is necessary but not sufficient to
induce antigen-specific T cell activation and cytokine
production. Additional receptor-ligand interactions are
required to provide co-stimulatory signals; these include
interactions of CD80:86 with CD28, CD40 with CD40L
(CD154), B7-1 with cytotoxic T lymphocyte antigen 4
(CTLA4) (CD152) and members of the TNFR/TNF super-
family members (4-1BB (CD137)/1BBL and OX40 (CD134)/
OX40L [13]. It is possible that dysregulated expression of
some or all of these molecules may play a role in the chronic
inflammatory response or autoimmune components of
COPD, including the increased production of proinflamma-
tory cytokines. In this regard, CD8/CD28™" oligoclonal T
cells have been reported in other autoimmune diseases
including granulomatous interstitial lung diseases [14] and
in the ageing immune system and its relationship to the
development of COPD [15]. CD8/CD28™" clones divide
faster and live longer than CD8CD28* T cells due to a shorter
cell division cycle, higher resistance to apoptosis and a dif-
ferent response to regulatory cytokines [16]. However, the
expression of CD8/CD28™" cells in the airway compartment,
or the expression of other co-stimulatory molecules, has
not been assessed in COPD. We therefore analysed T cell
co-stimulatory molecules (CD28, CD40L, CTLA4, 4-1BB
and OX40) on CD4* and CD8" T cells from peripheral blood
from healthy controls and smokers, and current and
ex-smokers with COPD. Having found an increase in CD8/
CD28™! T cells in COPD, we further assessed the effects of
cigarette smoke in the various lung compartments by mea-
suring CD8/CD28™" cells in blood, lung tissue and airway
from mice exposed to cigarette smoke for 12 weeks. We then
assessed the potential functional relevance of these CD8/
CD28™" cells in COPD by measuring their production
of proinflammatory cytokines and cytotoxic mediators,
granzyme b and perforin.

Materials and methods

Reagents

The following monoclonal antibodies (mAbs) and immuno-
logical reagents were employed: CD3 [phycoerythrin-cyanin
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5 (PC5)] (Coulter/Immunotech, Marseille, France), CD8
[fluorescein isothiocyanate (FITC)] (BD Biosciences, San
Jose, CA, USA), CD8 [peridinin chlorophyll (PerCP) Cy5-5;
BD), CD4 and CD28 [phycoerythrin (PE)] (BD), CD28
(FITC) (BD), CD40L, CTLA4, 4-1BB and OX40 (PE;
Coulter/Immunotech), granzyme b and perforin (PE; BD),
a-IFN-y (PE; BD), anti-mouse immunoglobulin control
[immunoglobulin (Ig)G1] (FITC; BD)/IgGla (PE; BD)/1gG1
(PerCP Cy5-5) (Coulter/Immunotech), FACSPerm and FAC-
Slyse (BD), brefeldin A, ionomycin and phorbol myristate
acetate (PMA; Sigma Aldrich, Sydney, Australia). For mouse
studies, CD3 hamster anti-mouse (PE; AbD Serotec, Kidling-
ton, UK), CD28 hamster anti-mouse (FITC; AbD Serotec)
and CD8a rat anti-mouse (PerCP-Cy 5-5; BD) were
employed.

Patient and control groups

COPD volunteers were recruited specifically for the study
and informed consent obtained. There was no exacerbation
of COPD for 6 weeks prior to study. Subjects with other
co-existing lung disease or aged greater than 75 years were
excluded. Ethics approval was obtained from the Royal Ade-
laide Hospital and the experiments were conducted with the
understanding and the consent of each participant. COPD
was diagnosed using the Global Initiative for COPD (GOLD)
criteria with clinical correlation (mild COPD: FEV,/
FVC <70% but FEV, = 80% predicted; moderate COPD
FEV, 50% = 80% predicted, severe COPD FEV, <30%
predicted) [17]. Eighteen of the COPD subjects were
ex-smokers (at least 1 year) and 30 were current smokers. A
further 15 healthy current smokers of at least 10 pack-years
with no evidence of COPD or other lung disease were also
recruited. Blood was also obtained from 34 never smokers
(Table 1). These were healthy, recruited volunteers with no
history of airways disease. All subjects underwent spirometry
as part of their routine clinical assessment. Venous blood was
collected into 10 U/ml preservative-free sodium heparin
(DBL, Sydney, Australia) and maintained at 4°C until
processing. All patients were submitted to the same protocol
and analysis performed retrospectively.

Total and differential leucocyte counts

Blood differential cell counts were performed using a CELL
DYN 4000 (Abbott Diagnostics, Sydney, Australia).

CD4 and CD8 cell counts

The percentages of CD3, CD4 and CD8 lymphocytes were
calculated using flow cytometry. One hundred pl of periph-
eral blood were stained with appropriately diluted fluores-
cently conjugated monoclonal as described previously
[8,10,12]. Briefly, samples were analysed by gating using
forward-scatter (FSC) versus side-scatter (SSC) to exclude
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Table 1. Demographic data for the subjects tested.

n Age (years) FEV, % pred Pack years Total WCC x 10°/ml Lymphocytes x 10°/ml CD8" T cells (%CD3)

Controls 34 53 97 0 6-13 2:04 31

(12) (11) (1-57) (0-40) (8)
Smokers 15 54 93 57* 6-34 2:42 32

(12) (10) (32) (2:37) (0-83) 9)
COPD 30 59 57* 57* 7-48 2:55 38*
Curr-smokers (7) (20) (28) (2:21) (1-06) (13)
COPD 18 60 62* 52* 6-12 2:06 35
Ex-smokers (6) (26) (35) (1-52) (0-65) (16)

COPD: chronic obstructive pulmonary disease, FEV,: forced expiratory volume in 1s, FVC: forced vital capacity, WCC: white cell count, Curr-

smoker: current smoker. *P < 0-05 versus control. Data are presented as mean * standard deviation.

platelets and debris. Control staining of leucocytes was per-
formed on each sample and background readings of < 2%
were obtained. A minimum of 10 000 events were acquired
for analysis.

Expression of granzyme b and perforin

The percentages of CD8" and CD4* T cells expressing CD28,
granzyme b and perforin were calculated using flow cytom-
etry, as described previously [12].

Expression of co-stimulatory molecules

Because the expression of co-stimulatory molecules or CD8/
CD28™" cells has not been assessed previously in the airway
compartment, we analysed T cell co-stimulatory molecules
(CD28, CD40L, CTLA4, 4-1BB and OX40) on CD4" and
CD8* T cells from peripheral blood from healthy controls
and smokers, and current and ex-smokers with COPD. The
percentages of CD8" and CD4" T cells expressing CD28 were
calculated using flow cytometry, as described previously
[8,10,12]. For CD40L, CTLA4, 4-1BB and OX40, 1-ml ali-
quots of blood (diluted 1:2 with RPMI-1640 medium) were
placed in 10 ml sterile conical polyvinyl chloride (PVC)
tubes (Johns Professional Products, Sydney, NSW, Australia).
Phorbol myristate (25 ng/ml) and ionomycin (1 mg/ml)
were added to stimulate the T cells. Brefeldin A (10 mg/ml)
was added to prevent the shedding of the co-stimulatory
molecules from the T cell surface. The tubes were incubated
in a humidified 5%CQ0,/95% air atmosphere at 37°C. At 16 h
100 ml 20 mm ethylenediamine tetraacetic acid/phosphate-
buffered saline (EDTA/PBS) was added to the culture tubes,
which were vortexed vigorously for 20 s to remove adherent
cells. Three hundred pl aliquots of cells were treated with
2 ml FACSLyse for 10 min. Cells were centrifuged, superna-
tant discarded and 500 ml FACSPerm added for 10 min. Two
ml 0-5% bovine serum albumin (BSA) (Sigma) in IsoFlow
(Beckman Coulter) was then added and the tubes were cen-
trifuged at 300 g for 5 min. After decanting supernatant, Fc
receptors were blocked with 10 ml human immunoglobulin
(Intragam, CSL, Parkville, Victoria, Australia) for 10 min
at room temperature. Five ul of appropriately diluted anti-
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CD8 (BD), anti-CD3 PC5 (Coulter/Immunotech) and
PE-conjugated monoclonal antibodies to CD40L, CTLA4,
4-1BB, OX40 or isotype control were added for 15 min in the
dark at room temperature. Cells were washed and events
acquired and analysed as described above.

Expression of CD4/CD28™"! and CD8/CD28™" T cells
in a mouse smoke-exposure model

Having found an increase in CD8/CD28™" T cells in COPD
patients, we further assessed the effects of cigarette smoke in
the various lung compartments by measuring CD8/CD28™"
cells in peripheral blood, lung tissue and airway from mice
exposed to cigarette smoke for 12 weeks. Methods of smoke
exposure, sample preparation and measurements have been
described previously [18,19]. Ethics approval was granted
by the Institute of Medical and Veterinary Science Ethics
Committee. Briefly, mice were exposed to nine cigarettes per
day (three cigarettes per hour, three times per day, 5 days per
week for 12 weeks). There were six mice in the control group
(‘sham’-exposed mice, exposed to room air only) and 10
smoke-exposed mice. At the conclusion of the experimental
time—course mice were weighed, killed and bronchoalveolar
lavage (BAL), blood and lung tissue collected from separate
animals, as we have reported previously [18,19]. A ‘Medima-
chine’ tissue disaggregator (BD) was used to prepare cell
suspensions from lung tissue [18,19]. Total cell counts were
performed in BAL and disaggregated lung tissue using a
modified Neubauer haemocytometer. Blood was obtained by
terminal bleeding by cardiac puncture and collected into
microtainer tubes with lithium heparin (Greiner Bio-One,
Stonehouse, UK).

Macrophages were removed by adherence to plastic and
the remaining fluid used for analysis of T cells. The percent-
ages of CD4, CD8, CD4/CD28™" and CD8/CD28™" T cells
were assessed using flow cytometry as described above
(using specific mouse mAbs).

Production of cytokines, granzymes and expression of
co-stimulatory molecules by CD8/CD28™!! T cells

To assess the potential functional relevance of increased
CD8/CD28™! cells in COPD, we measured their production
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of proinflammatory cytokines and cytotoxic mediators,
granzyme b and perforin, as described above and as reported
previously [8]. Briefly, following red cell lysis, permeabiliza-
tion and blocking Fc receptors, 5 ul of appropriately diluted
mADbs to CD3 (Alexa 647), CD8 (PerCP), anti-28 FITC and
PE-conjugated monoclonal antibodies to IFN-y, granzyme
b, perforin, CD40L, CTLA4, 4-1BB and OX40 or isotype
control were added for 15min in the dark at room
temperature. Events were acquired and analysed as described
above.

Statistical analysis

Data from ex-vivo human studies was analysed using analysis
of variance (ANova) with Dunnett’s post-hoc test. A normal
data distribution was confirmed using kurtosis and
skewness. For remaining analyses, the non-parametric
Mann—Whitney U-test was applied to analyse the data.
Analyses were performed using spss software. P values < 0-05
were considered significant.

Results

CD4" and CD8* T cell counts and expression of
co-stimulatory molecules

Lymphocyte numbers ranged from 1-3-5-4 X 10°/1 and there
were no significant differences between groups. The percent-
age of CD8" T cells were significantly higher in peripheral
blood from current smoker COPD subjects compared to
controls (current smoking COPD subjects median 38%
(range 15-64%) versus controls median 31% (range
11-44%).

Expression of co-stimulatory molecules by T cells

A significant increase in CD8/CD28™" T cells in blood from
current and ex-smokers with COPD versus controls was
noted (Fig. 1). There was a non-significant trend for an
increase in CD8/CD28™" T cells in blood from healthy
smokers (P=0-11). There were no significant changes in
CD4/CD28™" T cells between the groups (Fig. 1). Overall,
there were no significant correlations between age and the
presence of CD8/CD28™" cells (—0-199; Pearson’s correla-
tion; P=0-069) and no significant correlations within the
COPD group.

For both CD4 and CD8 T cells, expression of 4-1BB was
increased in both COPD groups (P < 0-05) and a trend for
smokers (P =0-055) versus controls; CTLA4 was increased
on CD4" T cells from all groups (P < 0-05) and on CD8* T
cells from smoker (P < 0-05) and a trend for current smoker
COPD (P =0-07) groups. OX40 was increased significantly
on CD8" cells from smoker and current smoker COPD
groups (Fig. 2). There were no significant changes in expres-
sion of CD40L (Fig. 2).
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Fig. 1. Expression of (a) CD4/ CD28™! and (b) CD8/CD28™" T cells
from peripheral blood from controls (c), healthy smokers (Smoker),
current smokers with chronic obstructive pulmonary disease (COPD)
(Curr COPD) and ex-smokers with COPD (Ex-COPD). Note
significantly increased percentage of CD8/CD28™! T cells in blood
from both COPD groups and a trend for an increase in healthy
smokers. There were no changes in CD4/CD28™" T cells. Histograms
present mean = standard deviation.

Production of cytokines and granzymes by
CD8/CD28™! T cells

CD8/CD28™" cells expressed significantly more IFN-y,
granzyme and perforin than CD8/CD28" T cells (Fig. 3).
CD4/CD28" cells expressed significantly more IL-2 than
CD4/CD28™" or CD8/CD28" or CD8/CD28™! T cells
(P<0-05) (Fig. 3).

Expression of co-stimulatory molecules by
CD8/CD28™! T cells

CD8/CD28™" cells expressed significantly more OX40,
4-1BB, and CTLA4 when stimulated than CD8/CD28" T cells
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Fig. 2. Expression of (a) OX40, (b) cytotoxic T T o T 80 |
lymphocyte antigen 4 (CTLA4), (c) 4-1BB and 601 i
(d) CD40L by CD4 and CD8 T cells from % 40} % 60
phorbol mysristate acetate (PMA)-stimulated 40 b
peripheral blood from controls (C), healthy 20+
smokers (Smoker), current smokers with 201
chronic obstructive pulmonary disease (COPD) 0 I I I : ; ' ! !
(Curr COPD) and ex-smokers with COPD C  Smoker C%JIQTD Ex-COPD C  Smoker C%J;BEX-COPD
(Ex-COPD). Note that for both CD4 and CD8
T cells, expression of 4-1BB was increased (d)  CDA4OL [%CD4] CD40L [%CD8]
significantly in both COPD groups versus 100 ¢ o5 ¢
controls, with a trend for an increase in healthy
smokers. CTLA4 was increased significantly on 801 201
CD4" T cells from all groups and on CD8" T 60 15
cells from smokers, with a trend for an increase % 40t % 10t
in current-smoker COPD subjects. OX40 was
increased significantly on CD8" cells from 201 57
smoker and current-smoker COPD groups. 0 ! ! ! ! 0 : : : |
Histograms present mean * standard deviation. C  Smoker Curr Ex-COPD C  Smoker Curr Ex-COPD
*Significant (P < 0-05 increase versus controls). COPD COPD
(Fig. 4). Representative plots showing gating strategy to ml = standard error of the mean (s.eem.) 0-34X

identify CD8" and CD8 (CD4") T cells and increased expres-
sion of IFN-y, granzyme b and OX40 by CD8/CD28™" T cells
in contrast to increased expression of IL-2 by CD4/CD28*
T cells are presented in Fig. 5.

Expression of CD8/CD28™" T cells in a mouse
smoke-exposure model

Exposure of mice to cigarette smoke for 3 weeks resulted
in no significant increases in leucocyte counts in BAL or
lung [lung smoke-exposed  4-4 x 10°/

tissue. tissue:

98

10°/ml versus control 36 x 10°/ml * s.em. 1-9Xx 10°/ml
P=022; BAL: smoke-exposed 0-46 X 10°/ml =* s.e.m. X
0-05 10°/ml versus control 0-34 X 10°/ml = s.e.m. X 0-05
10%ml P=0-18].

There were no significant differences in the percentage of
CD8 T cells in any compartment following 12 weeks smoke
exposure (not shown).

In mice exposed to cigarette smoke for 12 weeks, there was
a significant increase in CD8/CD28™" T cells in the airway
(BAL) (P <0-05) and a trend for an increase in lung tissue
(P =0-063) and in blood (P =0-057) (Fig. 6).
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interferon (IFN)-v, interleukin (IL)-2, granzyme
b and perforin by CD8/CD28™" T cells (dark © @
shading) following stimulation of peripheral 50 [ Granzyme 2 25 Perforin %
blood with phorbol myristate acetate (PMA) 40 b ol
(n =5 separate experiments; five never smoker
control subjects). Note increased production % 30 ¢ % 15¢
of IFN-v, granzyme b and perforin by 20 | 1t
CD8/CD28™!' T cells in contrast to increased
expression of interleukin (IL)-2 by CD4*CD28* 10} 05} ’—T—‘
T cells. Histograms present mean * standard 0 I_T_| =/ M 0 == I_T_|
error of the mean. *Significant (P < 0-05 CDg" CD8" CD4* CD4* CD8* CD8" CD4" CD4"
28+  28™' 28+ 28! 28+ 28™' 28+ 28!

increase versus CD8"CD28" T cells).

Discussion

The present study shows that CD8/CD28™" T cells are
increased significantly in the peripheral blood of both
current and ex- smoking COPD subjects, with a trend for an
increase in the blood of healthy smokers. These cells are
functionally active and produce increased levels of the proin-
flammatory cytokine IFN-y, and the cytotoxic mediators
granzyme b and perforin. We further show that one mecha-
nism for the increased production of the proinflammatory

mediators by the CD8/CD28™" T cells may be an increased
expression of alternative co-stimulatory molecules OX40,
CTLA4 and 4-1BB. COPD is associated with damage
throughout the lungs from the large airways to the alveolar
walls, due to ineffective repair processes in the face of
ongoing noxious insults. Once COPD disease is established,
cessation of smoking does little to reduce physiological func-
tioning or susceptibility to acute deterioration as a result of
new insults such as infection. Understanding the basis of
ongoing inflammation and individual susceptibility to

(a) (b)
60 OX40 [CD134] 60 CTLA4 [CD152]
50t T 50t T
40t 40t
% 30t % 30}
20+ 20}
10 10+ ’_L‘
. . . CD8* CD8* CD4* CD4* CD8* CD8* CD4* CD4*
Fig. 4. Histograms showing production of 28+ ognul o8+ ognul o8+ ognul 28+ ognul
(a) OX40, (b) cytotoxic T lymphocyte antigen
4 (CTLA4), (c) 4-1BB and (d) CD40L by (c) (d)
CD8/CD28™!' T cells (dark shading) following 60 4-1BB [CD137] 80; CD40L [CD154]
stimulation of peripheral blood with PMA 50} ¥
(n =5 separate experiments; five never smoker a0l 60r
control subjects). Note increased production of o
OX40, CTLA4 and 4-1BB by CD8/CD28™! % 30r % a0;
T cells in contrast to increased expression of 20r 20l
CD40L by CD4"CD28" T cells. Histograms 10}
present mean * standard error of the mean. 0 ’_L‘ / i ’_L‘
*Significant (P < 0-05 increase versus CD8* CD8* CD4* CD4* CD8* CD8* CD4+ CD4*
CD8'CD28" T cells). 28+ 28! 28+ 2gn! 28+ 28! 28+ 28w
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Fig. 5. Representative flow cytometry dot-plots
showing gating strategy. (a,b) CD8" T cells were

CD28 FITC

identified as cells in region 1 (R1) (CD3* low
side-scatter (SSC) events) and region 2 (R2)
(CD8" low SSC events) and CD4 T cells as
events in R1 and not R2. Production of (c)
interferon (IFN)-v, (d) interleukin (IL)-2, (e)
granzyme b and (f) OX40 by CD8/CD28" and
CD8/CD28™" T cells and CD87/CD28* (CD4")

Granzyme PE

OX-40 PE

and CD8/CD28™! (CD4") T cells. Note
increased expression of IFN-7y, granzyme b and
OX40 by CD8/CD28™" T cells in contrast to

increased expression of IL-2 by CD4*CD28"
T cells.

COPD is critical to the development of new treatments for
this disease.

The direct effect of cigarette smoke on CD8/CD28™! T
cells was shown using a smoking mouse model. Although the
numbers of mice were very small, 12 weeks smoke exposure
induced a significant increase in the percentage of CD8/
CD28™!" T cells in the airway and a trend for increased
expression in blood and lung tissue. This suggests an initial,
direct effect of cigarette smoke in the airway. We have shown
previously that cessation of smoking once COPD disease is
established does not stop the persistence of defective effero-
cytosis and tissue damage in the airways or chronic local and
systemic inflammation [1,20,21]. The mechanisms underly-
ing this abnormal resolution of the inflammatory response
are largely unknown, but our present data suggest that ciga-
rette smoking may initiate a self-maintaining pathogenic
process that inhibits resolution. Interestingly, in the group of

100

CD28 FITC

CD28 FITC

COPD subjects who had ceased smoking, there was an
increase in CD8%28™" T cells and a significant increase in
expression of 4-1BB by CD8* T cells in the peripheral blood.
This suggests that these clones may be related to COPD
disease rather than smoking per se, and are likely to be par-
ticularly important in the pathogenesis of COPD disease. We
propose that therapeutic targeting of these molecules may
suppress an autoimmune reaction and reduce future mor-
bidity in COPD.

The potential role of an autoimmune component of
COPD in these mechanisms has been explored by several
groups [4-7]. These studies have provided evidence to
support a loss of tolerance to self-antigens, usually peptides,
or developments of immunity to foreign epitopes that cross-
react with self-antigens in COPD. Cigarette smoke may play
a role, as it has been shown to generate new epitopes by
oxidizing existing proteins in COPD [2,3]. Any resultant
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Fig. 6. CD8"CD28™! T cells in blood, lung tissue and bronchoalveolar
lavage (BAL) from mice exposed to cigarette smoke for 12 weeks.

C, Untreated mice, CS: cigarette smoke-treated mice. *Significant

(P < 0-05) increase in BAL CD8*CD28™" T cells versus control mice.
Box plots present median = 25th and 75th percentiles (solid box),
with the 10th and 90th percentiles shown by whiskers outside the box.

autoantibodies have the potential to exert pathogenic effects
in the disease via several mechanisms that include the
increased production of proinflammatory cytokines by Th1
T cells and increased proliferation of CD8" cytotoxic T cells.
We and others have identified the presence of some of these
effects in COPD. We have found an increased infiltration of
activated T cells, and particularly CD8* cytotoxic T cells;
these cells have been correlated positively with airflow limi-
tation and disease progression in COPD [8-12]. Consistent
with our present findings, an increased percentage of oligo-
clonal CD8/CD28™" clonally expanded T cells has been
reported in other autoimmune states. One study reported
significant correlations between the percentage of peripheral
blood CD8/CD28™!' T cells and disease severity in sarcoido-
sis [14]. However, we found no significant correlations
between CD8"/CD28™! T cells and FEV, in our COPD
patient cohort.

Loss of CD28 expression on T cells has been reported
previously for sarcoidosis and COPDj; however, the studies
were focused on expansion of CD47/CD28™" T cells and did
not investigate the important CD8" T cell subset or investi-
gate alternative co-stimulatory molecules in COPD [22-24].
Although levels of CD4*/CD28™" were lower in our COPD
patients than healthy controls, the difference did not reach
statistical significance. In contrast, the significant increase in
CD8*/CD28™" T cells in COPD was accompanied by their
increased production of proinflammatory cytokines and
granzyme. Taken together, these data suggest that CD8/
CD28™!' T cells may play an important role in the dysregu-
lated immune responses in COPD. This is consistent with the
increased numbers of cytotoxic T cells in COPD and the
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known effector cell activity of these cytotoxic cells that arises
as a result of production of cytokines including IFN-y and
granzymes [8].

Cross-talk between CD28 and the co-localized 4-1BB/
OX40 is considered to be important in efficient co-
stimulation signalling. However, our results suggest that
4-1BB/OX40 and CTLA4 may act independently of CD28
and that their increased expression may be important for
immune modulation in COPD, and have particular relevance
in the autoimmune and inflammatory components of the
disease. This was evident by our findings that stimulated
CD8/CD28™!" T cells from patients with COPD were able to
express significantly higher levels of these co-stimulatory
molecules supporting the presence of alternative and
increased co-stimulation in the absence of CD28 signalling in
COPD. Further, our findings of increased production of
proinflammatory cytokines and granzyme by the CD8'/
CD28™!" T cells in COPD suggest a strong co-stimulatory
capacity of these cells, despite the apparent lack of co-
stimulation by the CD28 pathway.

Although COPD is primarily a disease that affects the
airway, it is being recognized increasingly as a systemic
disease [25,26]. Lymphocytes have been shown to traffic
from the bloodstream to the bronchoalveolar space and visa
versa [27], and our previous investigations have shown that
several of the changes noted in the airways in COPD are
reflected in the peripheral blood [8,12], supporting this view.
We now show that changes in co-stimulatory molecule
expression by CD8" T cells were detected in peripheral blood
T cells in both healthy smokers and current smokers with
COPD, further confirming the systemic nature of the
disease. The biological relevance of the differences noted in
this study requires further study; it may be that there are
larger differences in cells from the airway and lung tissue.
Although we showed differences in the airway of non-
smoking versus smoking mice, a future extension of these
studies will be to investigate both the CD8"/CD28null cells
and the expression of the various co-stimulatory molecules
in mice with established emphysema.

In conclusion, our data showed increased expression of
proinflammatory cytokines, granzyme/perforin and alterna-
tive co-stimulatory molecules by CD8/CD28™" T cells in
COPD that may play a role in inflammatory responses or an
autoimmune component in this disease.
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