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Abstract

Chronic obstructive pulmonary disease (COPD) is associated with pulmonary and systemic
inflammation. Both CD4" and CD8" T lymphocytes play a key role in COPD pathogenesis,
but cytokine profiles in circulating T lymphocytes have not been well characterised. Here we
report the analysis of peripheral blood T cells from 30 stable COPD patients and 10 healthy
never-smokers for IFNy, IL-4, TNFa and the T helper 17 cytokines IL-17A, IL-17F and IL-22
by intracellular flow cytometry. We found significantly increased proportions of IFNy" and
TNFa" CD8" T cells in COPD patients, when compared with healthy controls. This was most
evident in patients with less severe disease. In contrast, expression profiles in circulating
CD4" T cells were similar in COPD patients and healthy controls for all cytokines tested,
except for IL-17F. COPD patients with more severely reduced diffusing capacity had lower
proportions of IL-17A" CD4" T cells. Proportions of IL-22" cells in the CD4" memory T cell
population were significantly increased in active smokers, when compared with past smokers.
Collectively, this comprehensive cytokine analysis of circulating T cells in COPD patients
revealed a correlation for CD8" T cells between GOLD stage and IFNy or TNFo. expression,
but not for CD4" T cells.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality
throughout the world [1]. Tobacco smoking is the primary risk factor but also other noxious
particles can cause a poorly reversible airflow limitation, which is the principal feature of
COPD. Chronic inhalation of toxic particles and gases causes destruction of lung parenchyma,
activates epithelial cells, increases mucus production and stimulates migration of many
inflammatory cells [2-3]. This results in an abnormal inflammatory response in the small
airways and alveoli in which many inflammatory cells are involved including neutrophils,
macrophages and T lymphocytes [3-4].

Different T cell subsets are identified in the pathogenesis of COPD. CD8" T cells
predominate over CD4" T cells in the airways and lung parenchyma [5]. Several reports have
shown that increased bronchus obstruction correlates with increased IFNy production by lung
CDS8" T cells [5-7] and their increased expression of cytotoxic molecules [8], however also
IL-4 production has been reported [9]. CD4" T cells that accumulate in the airways and lungs
of patients also mainly produce IFNy and therefore have a T helper 1 (Thl) phenotype [10].
However, recent studies have shown increased expression of T helper 17 (Th17) cytokines in
bronchial mucosa and sputum of patients, indicating a role for this novel T helper subtype in
COPD [11-13].

Besides airway inflammation the presence of systemic inflammation has been
suggested by multiple studies showing increased oxidative stress, the activation of circulating
neutrophils and lymphocytes, and altered circulating levels of inflammatory mediators and
acute phase proteins including TNF-a and its receptors, IL-6 and IL-8, and C-reactive protein
(CRP) [14-16] . Nevertheless, the cytokine profile of peripheral blood T cells from COPD
patients has not been as well characterised as that from T cells in the lung. To our knowledge,
the Th17 subset in the peripheral blood of stable COPD patients has not yet been studied.

The aim of this study was to determine intracellular cytokine profiles of circulating T
cells in patients with stable COPD, analysing both CD4" and CD8" T cells, thereby providing
a detailed characterization of a wide variety of cytokines including those produced by the
Thl, Th2 and novel Thl7 subsets. We correlated the cytokine profiles with GOLD

classification, lung function parameters and smoking status.
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Methods

Subjects

The study population consisted of 30 stable COPD patients (FEV1/FVC<70%) and 10
healthy individuals with normal lung function and no history of pulmonary disease and
smoking. All subjects had no known autoimmune disease, atopic diseases or allergies. In
addition, none of the COPD patients had chronic bacterial colonization of the airways or
recurrent lower respiratory tract infections (4 or more infections per year) as defined by the
Dutch national guidelines [17]. COPD patients did not have an exacerbation episode in the 4
weeks prior to inclusion. They were all treated with inhaled bronchodilatators and inhalation
corticosteroids (ICS), but did not receive oral steroid therapy or antibiotic treatment. ICS
doses ranged from 50 mcg once a day to 400 mcg 4 times daily. Patients were categorized
into Global Initiative for chronic Obstructive Lung Diseases (GOLD) stages II-IV based on
pulmonary function tests [18-19]. Past smokers were defined as not having smoked in the
previous year. Peripheral blood was drawn from all subjects after written informed consent.
The study was approved by the Medical Ethical Committee of the Erasmus Medical Centre

Rotterdam.

Pulmonary function tests

All subjects underwent pulmonary function testing according to American Thoracic
Society (ATS) Spirometry Standards (2005). Forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1) were measured to determine airflow limitation
(FEV1/FVC <70%; FEV1 <80% of predicted value). Diffusing capacity for carbon monoxide
(TLCO) and the transfer coefficient for carbon monoxide corrected for the alveolar volume
(KCOc) was also determined. Diffusing capacity parameters were expressed as percentages of

reference values.

Cell isolation from peripheral blood and flow cytometry analysis

Peripheral blood mononuclear cells (PBMC) were isolated using standard Ficoll-Paque
(GE Healthcare) density gradient and resuspended in IMDM medium (BioWhittaker)
containing 10% FCS, B-mercaptoethanol and gentamycin. For cytokine analysis, cells were
stimulated with ionomycine (Sigma) and PMA (Sigma) in the presence of Brefeldin A
(ebiosciences) and incubated at 37°C. After 4 hours cells were collected, centrifuged for 7 min

at 400g, resuspended in FACS buffer (PBS supplemented with 0.25% BSA and 0.5 mM
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EDTA and 0.05% NaN3) and stained with conjugated monoclonal antibodies to detect
membrane markers. To detect intracellular cytokines, cells were subsequently fixed with 2%
paraformaldehyde fixation (PFA, Merck) and permeabilized with 0.5% saponin solution
(Sigma). For intracellular FoxP3 detection the Foxp3 Staining Buffer Set (ebiosciences) was
used. The following antibodies were applied: anti-CD3 APC-AF780, anti-CD8 APC, anti-
CD45RO eFluor 650NC, anti-IL-17A AF647, anti-IL-17F PE, anti-IFNy PerCP-Cy5.5, anti-
TNFa PerCP-Cy5.5, anti-IL-4 Pe-Cy7, anti-FoxP3 APC (all ebiosciences), anti-CD4 FITC,
anti-CD45RO PE, anti-CD25 Pe-Cy7 (all BD biosciences), anti-CD45RA PE-TxR
(Invitrogen) and anti-IL-22 APC (R&D systems). Cells were measured on a LSRII
Flowcytometer (BD Biosciences); data were analysed using FlowJo (BD) software. Isotype
controls and fluorescence minus one (FMO) controls were used to set gates. To present the
data we used proportions of cells. The absolute number of the cells depends on the number of
gated events and on absolute numbers of lymphocytes. To present the proportion is more
common in literature and seems to be more objective in comparative studies. Two separate

experiments were performed using the same subject samples showing very similar results.

Statistical analysis

Parametric data were expressed as mean values with 95% confidence interval (CI);
nonparametric data were described as median values with interquartile range (IQR).
Differences between two groups were evaluated by using the Mann-Whitney U test. Across
group comparison of three groups was done by the non-parametric Kruskal-Wallis test. When
this was significant, a pair wised Mann-Whitney U test was performed to identify differences
between groups. Correlations were assessed by Spearman’s rank correlation coefficients. Data
analysis was performed using Prism 5.01 (GraphPad) and Statistical Package for Social
Sciences (SPSS) 17.0. A p value <0.05 was considered significant.
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Results

Clinical characteristics of study population

Clinical characteristics of the study population are shown in Table 1. Smoking history and all
tested lung function parameters were significantly different in the COPD patients when
compared to the healthy controls (all p<0.0001). Within the COPD group, there was no
statistical difference in age or cigarette smoke exposure between moderate, severe and very

severe COPD patients.

Characterization of T cells

We quantified the proportions of CD4" and CD8" T cells in peripheral blood (Table 2).
CD4:CD8 ratios in live PBMC were not significantly different between COPD patients and
healthy controls. In addition, we analysed the subpopulations of naive (CD45RA'CD45RO")
and memory (CD45RA'CD45RO") CD4" and CD8" T cells. With increasing age the
proportions of memory T cells increased in all study subjects (data not shown); no statistical
differences were found between COPD patients and healthy controls (Table 2).

Next, we analysed cytokine profiles for IFNy, IL-17A, IL-22, IL-17F, TNFa and IL-4
upon activation in vitro. In CD4" T cells, cytokine production was almost completely
restricted to the CD45RO" memory T cell compartment (Fig. 1). Although the memory
fraction of CD8" T cells was the main cytokine producer, also naive CD8" cells manifested

TNFa and to a lesser extent IFNy proportions (Fig. 1).

Comparison of cytokine expression between COPD patients and healthy controls
Proportions of IFNy" and TNFa' CD8" T cells were significantly increased in COPD patients
when compared with healthy controls (p<0.05 and p<0.01, respectively). Proportions of IL-
4°CD8" cells were low but we observed a trend towards higher proportions of IL-4" CD8" T
cells in COPD patients when compared with healthy controls, although significance was not
reached. Proportions of IL-17A, IL-22 and IL-17F positive CD8" cells were negligible and
showed no differences between the two groups (Fig. 2A).

Proportions of CD4" T cells positive for IL-17A, IL-17F and IL-22 were higher than
proportions of CD8" T cells positive for these cytokines. In contrast to the cytokine
production by circulating CD8" T cells, proportions of IFNy" and TNFa" CD4" T cells were
not increased in COPD patients, when compared with healthy subjects (Fig. 2B). Proportions
of CD4" T cells expressing the most prominent Th17 cytokines, IL-17A and IL-22 did not
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show significant differences between COPD patients and healthy controls. Although they
comprise a small fraction of circulating CD4" T cells, IL-17F" T cells were increased in

COPD patients, compared with healthy controls (Fig. 2B).

Correlations between cytokine expression and lung function parameters

IFNy and TNFa proportions by CD8" T cells were higher in COPD patients when compared
to healthy subjects. To examine a possible correlation with bronchus obstruction, we
examined the differences within the COPD population with different stages of disease. For
both cytokines there was a significant correlation present, patients in GOLD stage IV had
lower proportions of IFNy'CD8" and TNFoa'CD8" T cells when compared with stage II
patients (Fig. 3). Also a reduced diffusing capacity was significantly correlated with lower
proportions of IFNy CD8" and TNFa'CD8" T cells (Fig. 4A,B). The low but detectable
proportions of IL-17A, TL-17F, IL-22 and IL-4 by CD8" T cells did not correlate with either
bronchus obstruction (FEV1 or GOLD stage) or lung diffusing capacity (TLCO).

Although, apart from IL-17F, proportions of cytokines produced by CD4" T cells did
not differ between COPD patients and healthy subjects, we correlated cytokine production
with lung function parameters within the COPD patient group. None of the cytokines tested
showed a significant correlation with either FEV1 or diffusing capacity except for IL-17A. A
reduced diffusing capacity in COPD patients was significantly correlated with lower
proportions of IL-17A expressing CD4" T cells. This correlation was present for both TLCO
and KCOc (Shown for TLCO in Fig. 4C).

As it is conceivable that regulatory T cells (Tregs) suppress CD4" T cells particularly
in more advanced COPD, we analyzed the population of circulating Tregs. We found no
differences in the proportions of FoxP3'CD4" Tregs between COPD patients and healthy
controls (Table 2). Likewise, we did not find differences in IL-2R (CD25) or IL-7R (CD127)
expression on Tregs between the two groups. Within the COPD population proportions of
Tregs did not correlate with either bronchus obstruction or diffusing capacity (data not

shown).

Effects of smoking on cytokine expression

We also examined the potential effect of current smoking on cytokine profiles in
COPD patients. Comparisons of current and past smoker COPD cohorts did not reveal
significant differences in cytokine production by CD4" or CD8" T cells. Only for CD4" T

cells we observed a trend in higher proportions of IL-22 in current smokers when compared to
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past smokers (data not shown). Since it was demonstrated that the vast majority of IL-22
producing cells in PBMC were CD4" T cells with the CD45RO memory phenotype [20], we
performed a subanalysis for IL-22 in the CD45RO" memory T cell compartment.
Interestingly, CD45RO'CD4" T cells of currently smoking COPD patients showed increased
proportions of IL-22 when compared to COPD patients that have quit smoking (Fig. 5).
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Discussion

In the present study we determined the cytokine profiles of circulating T cells in patients with
stable COPD and correlated these with GOLD classification, lung function parameters and
smoking status. Our results show that proportions of IFNy™ and TNFo" CD8" T cells were
increased in COPD patients, when compared to healthy controls and that within the COPD
population there was a significant correlation between the proportions of these two cytokines
and GOLD stage. We also found that proportions of CD4" T cells positive for IL-17A and IL-
22 cells were much higher than proportions of CD8" T cells positive for these cytokines.
COPD patients with more severely reduced diffusing capacity had lower proportions of IL-
17A°CD4" T cells. Moreover, we show that within the COPD patient population the
proportions of IL22"CD4" memory T cells are higher in current smokers when compared with
past smokers.

Many studies in COPD have focused on the role of the immune system in the lungs [3-
4]. T lymphocytes are shown to be extensively present in the alveolar walls of COPD patients
and the extent of intrapulmonary lymphocytic infiltrations is correlated with disease severity
[2, 4, 10, 21]. It has long been established that CDS" cells play a major role in the
pathogenesis of COPD and that these cells are abundantly present in the airways of patients
[3-4, 10]. It has also been shown that increased COPD disease severity is characterized by an
increased cytotoxic potential or cytokine production capacity of CD8" T cells in the lung [4,
8, 10]. Besides the local inflammation, it is now clear that also systemic inflammation is of
great importance in the pathogenesis of COPD [22]. The intensity of this systemic
inflammation increases during exacerbations of COPD [21]. However, in contrast with the
pulmonary inflammatory component, only little is known about the characteristics and
functions of circulating lymphocytes in COPD, and reported findings are often conflicting. In
particular, reports on proportions of IFNy" CD8" T cells are confusing. Our finding of
increased proportions of IFNy ' CD8" T cells in the circulation of COPD patients is in line with
a number of other studies including a large study in COPD patients with varying disease
severity [23-25]. Moreover this result is consistent with several reports investigating the local
inflammation in the lung showing increased IFNy production by CD8" T cells [5-6]. In
contrast to our finding, Reyes et al. reported that CD8" T cells from COPD patients less
frequently produced IFNy compared to control subjects [26]. Two other studies could not
detect differences in IFNy production by circulating CD8" T cells of COPD patients compared



Paats et al.

with specimens from healthy subjects [7, 27]. All of these studies were conducted in stable
COPD patients, however disease severity differed greatly.

TNFa is a potent inflammatory cytokine that enhances neutrophil chemotaxis and
migration by inducing the expression of the chemokine CXCLS (IL-8), which is essential for
neutrophil recruitment in COPD. Elevated levels of TNFa and soluble TNFa receptors in the
serum and sputum of COPD patients suggest an important role for TNFa in this disease [28].
Yet, reports on TNFa production by T cells in the circulation of COPD patients remain
limited and conflicting. Our finding of increased TNFa expression by CD8" T cells is
supported by Hodge et al.[23], however another group reported a decrease in COPD patients,
when compared with healthy controls [27]. Several studies have attempted to correlate lung
function parameters to IFNy and TNFa production by T cells in the circulation [25, 27, 29],
however the results are still ambiguous. In our cohort, patients with more severe disease had
lower proportions of both IFNy"CD8" and TNFa 'CD8" T cells when compared to patients
with mild disease. To the best of our knowledge we are the first to report this correlation in
proportions of cytokine positive CD8" T cells and GOLD stage in the circulation of COPD
patients. Our finding does not necessarily imply that progression of COPD to GOLD IV stage
results in low proportions of IFNy or TNFa expressing circulating CD8" T cells or conversely
that patients with relatively low numbers of IFNy or TNFa expressing circulating CD8" T
cells have an increased susceptibility to progress to GOLD stage IV. In any case, our findings
show the importance of analysing the peripheral compartment in the context of COPD
heterogeneity [30].

The role of circulating CD4" cells in the pathogenesis of COPD is not well known. We
demonstrated that circulating memory (CD45RO"), but not naive (CD45RO") CD4" T cells
had the capacity to produce cytokines including those of the IL-17 family, upon short
stimulation in vitro. For none of the cytokines tested, except for IL-17F, we detected
differences in the proportions of cytokine-expressing CD4" T cells between the total COPD
patient group and healthy controls. Similar to studies on cytokine production by CD8" T cells,
reports on CD4" T cells are conflicting. Zhu et al. found no differences in the cytokine
profiles of CD4" T cells [25], however the group of Majori reported an increased percentage
of CD4'TFNy" T cells in the circulation of COPD patients [7]. To our knowledge this is the
first study to determine systemic Thl7 cytokines in COPD. Thl7 cells produce pro-
inflammatory cytokines such as IL-17A and IL-22, which can recruit neutrophils to the site of
inflammation. Although proportions of the major Th17 cytokines produced by CD4" memory

T cells did not differ between patients and healthy controls, a correlation with lung function
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was found within the COPD population. More advanced COPD patients with severely
reduced diffusing capacity had lower proportions of IL-17A"CD4" memory T cells. This
could imply that with worsening of emphysema the capacity of IL-17A production by
circulating CD4" memory T cells is reduced. Di Stefano et al. investigated the role of Th17
cells in the bronchial mucosa of patients with COPD [11]. In this study there was a significant
increase of the number of IL-17A" cells in the bronchial mucosa of mild/moderate and severe
COPD patients compared to control non-smokers. They suggested that Th17-related cytokines
might be involved in the activation of T cells and endothelial cells reported in patients with
COPD. In addition, another study performed by Doe et al, reported an increase in IL-17A"
cells in the submucosa of COPD patients compared with non-smoking control subjects as well
as an increase in sputum IL-17A levels in COPD compared with asthmatic subjects [12].
Further studies, in which peripheral blood and lung tissue are analysed in parallel, should help
to elucidate the relation between Th17 cells in the two compartments in the context of COPD.

Previous studies showed that high doses of ICS may affect the immune system, e.g.
by suppressing T cell function [25]. In our study, all COPD patients received ICS which
minimizes confounding by these agents. Although we did not have a control group of COPD
patients not using ICS, we verified that our results were not influenced by the dosage of ICS.
No correlations were found between ICS doses and FEV1, TLCO, T lymphocyte counts or
cytokine production, except for proportions of IL17F'CD4" T cells, which showed that a
higher dose of ICS correlated with lower IL-17F proportions (p<0.05, data not shown).

We have also demonstrated a significant correlation of current cigarette smoking on
IL-22 proportions by memory T helper cells in COPD patients, but not on any of the other
cytokines tested. Interestingly, cigarette smoke contains many chemicals including dioxins
which have various toxic effects, most of which are mediated by the aryl hydrocarbon
receptor (AHR) [31]. AHR, also called the dioxin receptor, was recently shown to specifically
control IL-22 production [32]. It is therefore conceivable that IL-22 production is promoted
by direct effects on T cells of AHR agonists present in cigarette smoke. This is supported by
recent findings in the mouse [33] and in human [34], demonstrating that addition of cigarette
smoke extract to T cells undergoing Th17 differentiation augments the percentage of 1L-22
producing cells via an AHR dependent mechanism. Future studies should also examine a
group of smokers with normal lung function to see if these results can be confirmed in this
control group.

In our study, the diagnosis of airway obstruction was made based on a

FEV1/FVC<0.70 as was proposed by the GOLD committee in 2001 [19]. However, more
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recently the GOLD committee recognized that using a fixed value may lead to potential
overdiagnosis in the elderly and promoted the use of the lower limit of normal (LLN) instead
of a fixed criterion [35]. We verified that there was no misclassification of patients in our
study, in all COPD patients in our cohort FEV1/FVC ratio was below LLN.

We recognize that the observational nature of our study and the relatively small cohort
sizes are important limitations to our study. Studies in larger cohorts would be valuable to
confirm our results. Another limitation in our study is the observation that patient
characteristics revealed an age difference between the COPD patients and the healthy controls
(Table 1). However, proportions of lymphocyte subpopulations did not differ significantly
between these two groups.

In conclusion, our study provides a comprehensive analysis of circulating CD4" and
CD8" lymphocyte cytokine patterns in stable COPD, which is important since the role of
systemic inflammation in the pathogenesis of COPD is not yet clear. Our main findings were
that in the peripheral blood of COPD patients the proportions of IFNy and TNFa producing
CDS" T cells were increased when compared with healthy controls and that this was most
evident in patients with less severe disease. These results further support the assumption that a
systemic inflammation is present in patients with stable COPD. Furthermore, we show a new
and interesting correlation between smoking and the proportions of IL-22 expressing CD4"
memory T cells in peripheral blood. Future studies should also focus on the parallels in

systemic and local airway cytokine production in COPD.
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Table 1. Subject characteristics

COPD patients COPD COPD COPD Healthy controls
(Total) GOLD I1 GOLD III GOLD 1V

Subjects (n) 30 10 11 9 10
Age (years) 63 (61-67)#' 64 (57-71) 66 (59-73) 61 (56-65) 52 (46-55)*
Sex ratio (male/female) 18/12 6/4 9/2 3/6 6/4
Smoking (packyears) 43 (33-52)# 50 (27-72) 41 (27-54) 37 (16-57) 0 (0-0)f
Current smoking (yes/no) 9/21 5/5 4/7 0/9 0/10
FEV1/FVC (%) 39 (33-44)# 46 (42-51)1 43 (33-53)§  25(18-32) 78 (74-83)7
FEV1 (% pred) 43 (37-49)# 57 (51-63)fll 44 (37-50)§ 26 (19-29) 109 (104-114)+
TLCO (% pred) 58 (50-67)# 70 (51-89) 57 (49-67) 46 (28-63)** 112 (101-122)*
KCOc (% pred) 73 (63-83)# 84 (63-105) 76 (61-92)  55(36-75)** | 106 (100-113)**++

"Values are expressed as mean (95% CI). FEV1: forced expiratory volume in one second; %
pred: % predicted; FVC: forced vital capacity; TLCO: diffusing capacity of carbon monoxide
(data available for 27 patients); KCOc: transfer coefficient for carbon monoxide corrected for
the alveolar volume (data available for 27 patients). #: p<0.0001 versus healthy subjects; *:
p<0.01 versus all GOLD stages; t: p<0.001 versus all GOLD stages; 1: p<0.01 versus GOLD
IV; 8: p<0.05 versus GOLD IV; II: p<0.001 versus GOLD III; **: p<0.05 versus GOLD II; t1:
p<0.05 versus GOLD III and GOLD IV.

13



Table 2. Proportions of lymphocyte subsets
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COPD patients | Healthy controls

Subjects (n) 30 10

CD3" (% of MNC) 45 (36-57) 58 (46-67)*
CD4" (% of CD3") 60 (44-68) 63 (57-79)
CD8" (% of CD3") 35 (26-44) 28 (17-38)
CD4:CD8 ratio 1.7 (1.2-2.7) 2.3 (1.5-4.7)
CD45RO" (% of CD3'CD4") 48 (33-63) 44 (24-62)
CD45RO" (% of CD3'CD8") 19 (9.4-26.7) 17 (9.5-27.8)
FoxP3" Treg (% of CD3'CD4") 4.3 (3.3-5.6) 3.8(2.8-4.4)

Values are expressed as median (IQR). Lymphocyte subsets are presented as proportions of

viable cells. MNC: mononuclear cells; Treg: regulatory T cell. *: p<0.05 versus COPD

patients
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Legends

Figure 1. Flow cytometric characterisation of T cells. Peripheral blood mononuclear cell
(PBMC) suspensions were stained with monoclonal antibodies specific for CD3, CD4, CDS,
CD45RO and the indicated cytokines. Live CD3" cells were gated and analysed for CD4/CD8
expression. CD4" (top panels) and CD8" (bottom panels) T cells were analyzed for the
CD45RO memory T cell marker and the indicated cytokines. Results are shown as dot plots;

percentages of cells within the quadrants are given.

[e8.5 03 18]
294 316 0.01 0.08

0.3 0.04 0.2
311 __002 _003] 1306 __0.01 0.03

IL-17F

Figure 2. Cytokine expression by CD8" T and CD4" T cells. A. Proportions of total CD8"
T cells positive for the indicated cytokines in COPD patients versus healthy controls. B.
Proportions of total CD4" T cells positive for the indicated cytokines in COPD patients versus

healthy controls Values are expressed as mean with SEM. *: p<0.05; **: p<0.01.
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Figure 3. Proportions of IFNy" and TNFo" CD8" T cells in COPD patients with different
GOLD stages. Results are shown as dot plots with median values. A. Kruskal-Wallis p=0.02.
B. Kruskal-Wallis p=0.01. Subsequent pair wised Mann Whitney U test *: p<0.05.
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Figure 4. Correlation of cytokine proportions by CD8" and CD4" T cells with diffusing
capacity. A,B. Correlations of proportions of IFNy" and TNFa™ CD8" T cells with diffusing
capacity (TLCO, n=27). C. Correlations of proportions of IL-17A" CD4" T cells with
diffusing capacity (TLCO, n=27). *: p<0.05.
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Figure 5. The effect of smoking status on IL-22 expression by CD4" memory T cells.
Proportions of memory CD4" T cells positive IL-22 in former smoking versus current

smoking COPD patients. Results are shown as dot plots with median values. *: p<0.05.
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