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Potential biomarkers for acute and chronic rejection after lung transplantation 
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Respiratory Medicine, Department of Internal Medicine and Clinical Nutrition, Institute of Medicine, 

Sahlgrenska Academy, University of Gothenburg, Sweden 

Abstract 
Chronic rejection in the form of bronchiolitis obliterans syndrome (BOS) is the main hindrance for long-
term survival after lung transplantation. Repeated acute rejections (AR) constitute a major risk factor for 
developing BOS. The aim of this thesis was to expand the knowledge of the biological processes underlying 
AR and BOS and to identify potential immunological biomarkers for these conditions. The following specif-

ic research questions were posed: Are alterations in IL-18 concentration associated with AR (paper I)? Are 
there local pulmonary changes in the protease/anti-protease balance in BOS (paper II)? Is the neutrophil 
mobilizing cytokine IL-26 involved in AR and BOS development (paper III)? Does composition of particles 
in exhaled air (PEx) differ between BOS/non-BOS (paper IV)? 
Methods: In a biobank of collected bronchoalveolar lavage (BAL) samples from lung transplant recipients 
(LTRs), we identified patients, with or without AR and BOS respectively, who were carefully matched. The 

matching procedure included preoperative diagnosis, age, gender, type of and time after transplantation to 
avoid the influence of confounding clinical factors. Inflammatory cells and soluble mediators involved in 
the inflammatory process were analyzed in BAL samples (paper I-III). In paper IV, particles in exhaled air 
(PEx) in LTRs and healthy controls was investigated with a novel method that enables non-invasive sam-
pling from the distal airways.  
Results: There were no changes in IL-18 concentration or correlation between IL-18 and lymphocyte per-

centages in BAL samples from patients with AR (paper I). Increased net gelatinase activity and a clear 
correlation between activity and concentration of the gelatinase MMP-9 (but not MMP-2) as well as a 
correlation between activity and neutrophil percentages were found in BAL samples from BOS patients 
(paper II). It was also found that the concentration of IL-26 in BAL samples from patients with BOS (but 
not AR) was increased and intracellular IL-26 was detected in alveolar macrophages and lymphocytes 
(paper III). Finally, surfactant protein A was lower in PEx from BOS patients compared to stable LTRs and 

LTRs exhaled a higher amount of PEx than healthy controls (paper IV). 
Conclusions: These findings forward evidence that local unopposed gelatinase activity, likely to be account-
ed for by the gelatinase MMP-9 from neutrophils, and the neutrophil mobilizing cytokine IL-26 from mac-
rophages and lymphocytes, are involved in BOS development. The results also show that PEx composition 
differs between stable LTRs and patients that develop BOS. The clinical utility of PEx as a non-invasive 
diagnostic tool in the follow up after lung transplantation and the possibility of targeting MMP-9 and IL-26 

for early detection, monitoring and possibly even treatment of BOS warrant further study.  
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