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In smoking-induced chronic obstructive pulmonary disease (COPD), various comorbidities are linked to systemic

inflammation and infection-induced exacerbations. The underlying mechanisms are unclear but might provide therapeutic

targets. T-cell activity is central in systemic inflammation and for infection-defense mechanisms and might be influenced

by comorbidities. Hypothesis: Circulating biomarkers of comorbidities modulate the activity of T-cells of the T-helper type 1

(Th1) and/or T-cytotoxic type 1 (Tc1). T-cells in peripheral blood mononuclear cells (PBMCs) from non-smokers (NS),

current smokers without COPD (S), and COPD subjects (total n = 34) were ex vivo activated towards Th1/Tc1 and were

then stimulated with biomarkers for metabolic and/or cardiovascular comorbidities (Brain Natriuretic Peptide, BNP;

chemokine (C-C motif) ligand 18, CCL18; C-X3-C motif chemokine ligand 1, CX3CL1; interleukin-18, IL-18) or for asthma-

and/or cancer-related comorbidities (CCL22; epidermal growth factor, EGF; IL-17; periostin) each at 10 or 50 ng/mL. The

Th1/Tc1 activation markers interferon-γ (IFNγ), tumor necrosis factor-α (TNFα), and granulocyte-macrophage colony-

stimulating factor (GM-CSF) were analyzed in culture supernatants by Enzyme-Linked Immunosorbent Assay (ELISA).

Ex-vivo activation induced IFNγ and TNFα without differences between the groups but GM-CSF more in S vs. NS. At 10

ng/mL, the different biomarkers increased or reduced the T-cell activation markers without a clear trend for one direction in

the different categories of comorbidities or for the different T-cell activation markers. At 50 ng/mL, there was a clear shift

towards suppressive effects, particularly for the asthma— and cancer-related biomarkers and in cells of S and COPD.

Comorbidities might suppress T-cell immunity in COPD. This could explain the association of comorbidities with frequent

exacerbations.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is mainly induced by tobacco smoking. It is a systemic inflammatory

disease associated with various comorbidities that have a negative impact on prognosis and progression. The

development and progression of comorbidities might be triggered by systemic inflammation . Comorbidities are

associated with the frequency of exacerbations, another major trigger of progression . COPD subjects have an increased

susceptibility to bacterial and viral infections, both of which are major causes of exacerbations .

2. T-cell Activity and Comorbidities

Mechanistic links between T-cell activity and comorbidities are largely unknown but might provide insights into the

association of comorbidities with exacerbations and suggest corresponding drug targets. Many comorbidities are

characterized by circulating biomarkers that are often cytokines or chemokines whose receptors are expressed on T-cells

or on accessory immune cells. In response to airway infections with most COPD-characteristic pathogens, inactive naive

and memory T-cells become activated towards Th1 or Tc1 effector T-cells. During this activation process, the T-cells

become recruited from the circulation to the local sites of infection. This implicates that comorbidities might influence T-cell

activation via their circulating biomarkers, a possible mechanistic link between systemic inflammation, comorbidities and

exacerbations. Therefore, this study aimed to investigate the impact of systemic biomarkers for frequent COPD

comorbidities on T-cell activity

3. Frequent Comorbidities in COPD

Frequent comorbidities in COPD are metabolic and heart diseases, particularly type 2 diabetes, arteriosclerosis, coronary

artery disease, and heart failure, all of which are linked to each other . There is evidence from retrospective studies

that comorbidities and particularly diabetes and heart failure are associated with frequent exacerbations in COPD . The

adipokine C-X3-C motif chemokine ligand 1 (CX3CL1, Fractalkine) and interleukin-18 (IL-18) both are associated with

type 2 diabetes and are increased in the plasma of respective patients . CX3CL1 and IL-18 both are further associated
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with coronary artery disease (CAD) and are increased in the plasma of CAD patients . Chemokine (C-C motif) ligand

18 (CCL18) is also increased in the plasma of CAD patients and is associated with CAD severity . CX3CL1 and

CCL18, both are particularly increased in patients with refractory unstable angina, a symptom of CAD . CX3CL1 is

further associated with Carotid artery stenosis, a common coincidence with CAD and a further common consequence of

arteriosclerosis, and is increased in the plasma of respective patients . Brain Natriuretic Peptide (BNP) is a strong

biomarker for heart failure, for which CAD is a major risk factor . Its plasma levels are increased in patients with acute

heart failure . Serum CX3CL1, IL-18, and CCL18 are increased in stable COPD and are associated with disease

progression and severity . An association between BNP and stable COPD has, to our knowledge, not yet been

observed.  Further common comorbidities in COPD are asthma, lung cancer, and non-pulmonary cancer types like

bladder, breast, colorectal, ovarian, and prostate cancer, for example . Asthma and lung cancer might also be

associated with frequent exacerbations in COPD . An increased serum periostin level is a strong marker for type 2

asthma  and might also have prognostic significance for non-small cell lung cancer (NSCLC) and various non-

pulmonary cancer types including those mentioned . Serum IL-17 is increased in obesity-associated asthma and

might be indicative of severe phenotypes . Serum CCL22 is increased in breast cancer and is indicative of

progression and severity . Serum epidermal growth factor (EGF) is suitable to distinguish NSCLC from healthy benign

lung pathologies . Increased serum EGF concentrations are also discussed as putative biomarkers for various non-

pulmonary cancer types including gastrointestinal cancers . Serum periostin and EGF but not IL-17 and CCL22 are

increased in stable COPD .

4. Results

Figure 1. Summary of the biomarker effects on Th1/Tc1 cytokines in subject groups. Light grey, up-regulation; dark grey,

down-regulation. Biomarker concentrations are given in the top row. Group 1 includes biomarkers for metabolic and

cardiovascular diseases (CXCL1, IL-18, CCL18, BNP), group 2 in-cludes biomarkers for asthma and cancer (Periostin, IL-

17, CCL22, EGF). NS, non-smokers, S, current smokers without respiratory symptoms, COPD, chronic obstructive

pulmonary disease.

5. Discussion

To address the question of mechanistic links between co-morbidities, systemic inflammation and infection-induced

exacerbations, we tested for effects of the respective circulating biomarkers on T-cell activity and T-cell activation towards

Th1/Tc1 in the PBMC culture model. The model considers the presence of accessory cells that influence the T-cell

activation process and the possible influence of co-morbidity biomarkers at recruitment from the circulation to the draining

lymph nodes in response to acute infections in vivo. Independent of disease and smoking status of the subjects, the

effects of a single biomarker concentration may vary in strength and also in direction between IFNγ, TNFα, and GM-CSF

(Figure 1). At 10 ng/mL, the different biomarkers increased or reduced the T-cell activation markers without a clear trend

for one direction in the different categories of comorbidities or for the different T-cell activation markers. However,

increasing the biomarker concentrations clearly resulted in an increase of the suppressive effects, particularly for the

biomarkers associated with asthma and cancer (Figure 1). Indeed, at 50 ng/mL, an up-regulation was only observed for

IFNγ in response to the diabetes and CAD marker IL-18, but a reduction for at least one of the three T-cell activity markers

in response to all other biomarkers except CX3CL1 and periostin. We interpret a reduced T-cell activity caused by a

comorbidity-biomarker in our experimental model as a putative mechanistic reason for an increased possibility to get or

prolong an exacerbation in COPD with the respective comorbidity. This is because a reduced T-cell-dependent infection

defense might result in a delayed clearance of the pathogen. In this context, it is important to observe the respective

biomarker effects in the COPD group but it is irrelevant if there are differences to healthy subjects or active smokers

without respiratory symptoms. With two exceptions, we did not detect statistically significant differences when comparing

the three subject groups, NS, S, and COPD, for the biomarker effects on T-cell activity. Nevertheless, we think that there

is some evidence for an influence of active smoking and systemic COPD pathology on the biomarker effects. It is

noteworthy that at 50 ng/mL statistically significant suppressive effects were more often observed in S and COPD than in
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NS, particularly again for those biomarkers associated with asthma and cancer (Figure 1). In NS, only TNFα was reduced

by CCL22. In S, TNFα and GM-CSF both were reduced by CCL22 and by IL-17. In COPD, we did not find effects of IL-17,

but all three T-cell activity markers were reduced by CCL22, and GM-CSF was also reduced by EGF.

This provides first evidence that systemic consequences of active smoking as well as of the COPD systemic pathology

might influence the effects of asthma and cancer related co-morbidity biomarkers on T-cell activity. To a lesser extent this

also applies to the biomarkers of cardiovascular co-morbidities, CCL18 and BNP. In summary, we carefully conclude that

smoking and the COPD pathology might enhance the suppressive effects of the biomarkers for co-morbidities on T-cell

immunity. However, because of the low numbers of significant differences between the groups, this conclusion requires

further investigation. The observation that some of the biomarkers also modulate the T-cell activity in cells of healthy never

smokers provides first indication that the diseases that are associated with the biomarkers might also influence T-cell

immunity in the absence of COPD. However, compared to the COPD group, the overall trend was less pronounced

towards suppressive effects. This study adds another part to the understanding of the complex systemic molecular

pathology that underlies the increased susceptibility to respiratory infections in COPD. In contrast to the local innate

immune cells that show an overactivation in response to respiratory pathogens in COPD , the activation process of

circulating innate and adaptive immune cells appears to be rather suppressed. We have previously shown that systemic

defects in Toll-like receptor signaling prevent the full activation of T-cells and monocytes in response to respiratory

bacteria . Here, we add the information that the suppression of the Th1-immunity might be amplified by co-

morbidities in COPD.
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