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INTRODUCTION

Lung transplantation (LTx) is a potentially life-saving 
procedure for patients with end-stage lung disease in 
otherwise good health. According to the International 
Society for Heart and Lung Transplantation (ISHLT), the 
most common indications for LTx are interstitial lung 
disease/pulmonary fibrosis (PF)—32%, chronic obstruc-
tive pulmonary disease—30%, and cystic fibrosis—15%. 
However, long-term survival is limited. Adults with a pri-
mary lung transplant currently have a median survival 
of 6.7 y.1 Chronic rejection is the most important factor 

limiting long-term survival after lung transplantation. 
Historically chronic rejection has been equal to bronchi-
olitis obliterans syndrome (BOS). However, it was recently 
redefined into chronic lung allograft dysfunction (CLAD).2 
CLAD is described as the presence of an irreversible 
decline of forced expiratory volume 1 s (FEV1) to ≤80% of 
a baseline FEV1, which is similar to the definition of BOS. 
A specific subgroup of CLAD, called restrictive allograft 
syndrome (RAS), has also been established. RAS is defined 
by a restrictive impairment of the lung function in which 
in addition to the >20% decline in FEV1 from baseline, 
there is a concomitant >10% decline in total lung capacity, 
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Background. Chronic rejection, defined as chronic lung allograft dysfunction (CLAD), is the major factor limiting long-
term survival after lung transplantation (LTx). A specific subgroup of CLAD is restrictive allograft syndrome (RAS). CLAD’s 
pathogenesis is largely unknown, but previous findings suggest that it is associated with increased fibrosis in the transplanted 
lung. Cartilage oligomeric matrix protein (COMP) has been associated with multiple fibrotic conditions. The current study 
aimed to explore the relation between COMP serum levels and development of CLAD, and RAS in particular, in a retrospec-
tive cohort of LTx patients. Methods. This study included retrospective data from patients who underwent LTx during 
2009–2011. Blood samples and spirometry data were obtained at follow-up visits 1, 3, 6, 9, and 12 mo after transplantation. 
Serum samples were analyzed for COMP. CLAD and RAS were defined according to the 2019 International Society for Heart 
and Lung Transplantation consensus document. Results. Data from 38 patients (19 men and women, respectively) were 
collected. Twenty-three patients (60.5%) developed CLAD, of whom 6 (26.1 %) fulfilled the criteria for RAS. Patients who 
developed RAS had higher mean COMP levels between 1 and 3 mo after LTx than those who did not develop RAS (10.9 
[3.9-17.5] U/L vs 7.4 [3.9-10.8] U/L, P = 0.008). RAS was also associated with shorter survival. We found no association 
between COMP levels and CLAD of other types than RAS. Conclusions. Serum level of COMP early after LTx seems to 
be associated with RAS development and might serve as a biomarker suitable for clinical use in the LTx setting.
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compared with total lung capacity baseline, as well as per-
sistent opacities on chest imaging.3

CLAD’s pathogenesis remains unclear, although repeated 
injury to the allograft by ischemia-reperfusion, acute rejec-
tion, inflammation, alloreactivity directed toward HLA anti-
gens and infections, cytomegalovirus (CMV) infection, has 
been reported to contribute to CLAD development.4 Several 
biomarkers have been associated with CLAD’s prediction and 
development, but data are inconsistent.5

The underlying pathology of obstructive CLAD is consid-
ered to be bronchiolitis obliterans, with an excess of subepi-
thelial fibrous tissue in the early phase and obliteration of the 
lumen by fibrosis in a later phase.2 RAS, on the other hand, 
exhibits characteristic radiological findings—multilobular 
ground-glass opacities primary in the upper lobes and often 
pleural fibrosis. The opacities refer to parenchymal/pleural 
thickening consistent with a diagnosis of pulmonary or pleu-
ral fibrosis and cause restrictive physiology. Histologically, the 
RAS’s main distinctive feature appears to be a more intraal-
veolar fibroelastosis adjacent to the bronchioles, pleura, and 
the interlobular septa.3

Cartilage oligomeric matrix protein (COMP) is a large pen-
tamer glycoprotein that interacts with extracellular matrix 
(ECM) in various organs and tissues such as cartilage and 
fibroblasts, vascular smooth muscle cells, cardiomyocytes, and 
activated platelets.6 It has been shown to stimulate chondro-
cyte proliferation and chondrogenesis,7,8 to enhance coagula-
tion by activation, aggregation, and adhesion of platelets, and 
is more abundant in weight-bearing tendons, indicating that 
COMP may enhance the strength of the ECM.9 Studies have 
suggested an important role of COMP in a range of malig-
nant conditions such as breast cancer,10 prostate cancer,11 and 
colon cancer,12 as well as chronic hepatitis C.13 Thus, COMP 
has been proposed as an early predictive biomarker of several 
diseases.14,15

Because COMP levels have been associated with multiple 
fibrotic conditions and previous findings suggest that CLAD 
and especially RAS is associated with increased fibroprolifera-
tion,3 the current study aimed to examine the potential pres-
ence of an association between COMP levels in serum and 
the development of CLAD/RAS in longitudinal serum samples 
from a retrospective cohort.

MATERIALS AND METHODS

Adult patients who underwent LTx at Sahlgrenska 
University Hospital, Gothenburg, Sweden, were previ-
ously included in a prospective longitudinal study between 
February 2009 to April 2012.16 From this cohort, 38 patients 
with possible pairwise CLAD/non-CLAD, based on clini-
cal diagnosis, were selected, matching for sex, age, and 
pretransplant diagnosis. If an optimal match was not avail-
able, sex was prioritized, then the diagnosis, and finally, age. 
The matching was performed before the end of follow-up. 
Variables were mainly retrieved from the existing database, 
and to some extent, the patients’ medical records. Variables 
recorded were recipient sex, age at transplantation, underly-
ing disease, transplant type, CLAD development, death, age 
at death, and survival time. Respective treating physician 
had defined CLAD at the time of patient selection. Due to an 
unplanned delay in sample analysis, the follow-up was longer 
than initially planned.

Furthermore, at the end of the main study, all patients’ 
static and dynamic spirometries and imaging and medical 
records were reviewed independently by 2 experienced pul-
monologists, and all discrepancies were resolved by consen-
sus. All CLAD diagnoses in the current material were revisited 
after the publication of the 2019 ISHLT guidelines.3 Clinical 
data were collected retrospectively from patient charts, and 
the last follow-up of clinical data was made in February 2020. 
The study was approved by the regional ethical review board 
in Gothenburg (Dnr791-08), and all subjects provided written 
and verbal informed consent.

All patients received antithymocyte induction therapy, and 
the immunosuppression was a combination of a calcineurin 
inhibitor, either cyclosporin or tacrolimus, with mycopheno-
late and prednisone. The calcineurin inhibitor and prednisone 
dose were tapered at 3, 6, and 12 mo per protocol, while the 
mycophenolate dose was kept relatively unchanged. Three 
different clinical stages were defined according to the degree 
or intensity of immunosuppressive therapy: 1–3 mo (M3), 4–6 
mo (M6), and 7–12 mo (M12) after LTx.

A comprehensive retrospective review was performed 
of patient laboratory charts to identify possible differential 
counts for blood eosinophils. In parallel, all available BAL 
pathology reports from all included patients were reviewed 
for differential counts with the presence or absence of eosino-
phils clearly described. No further analysis was performed 
based on the blood eosinophils. The BALs were associated 
with the clinical stage in closest proximity to when the bron-
choscopy was performed and grouped based on eosinophilia. 
Eosinophilia in BAL was defined as ≧2% eosinophils in the 
differential count.17

According to the protocol of the main study, serum samples 
and spirometry data were collected at follow-up visits at 1, 3, 
4.5, 6, 9, and 12 mo after transplantation. All available serum 
samples collected during the first year after transplantation 
were analyzed for COMP. The mean serum levels of COMP 
according to the different clinical stages of immunosuppres-
sive therapy were calculated. CLAD2 and RAS3 were defined 
according to the 2019 ISHLT consensus documents.

Stored (–80°C) serum samples were thawed and analyzed 
for COMP using a commercial ELISA test (Immunodiagnostic 
Systems, Boldon, United Kingdom) according to the manufac-
turer’s instructions. Briefly, 20 µL of serum was diluted with 
180 µL sample buffer and added in duplicates to a 96-well 
plate, and incubated on a shaker at 250 rpm with anti-COMP 
antibodies for 120 min at room temperature. Thereafter, the 
reporter substrate was added, and the plate was incubated for 
15 min. Subsequently, the plate was analyzed at 450 nm, and 
the reference background was determined at 650 nm. A refer-
ence sample of known concentration was applied to generate 
a standard curve.

Comparisons on group level for numerical variables were 
performed using the Mann–Whitney U test and Fisher exact 
test for categorical variables. A P value <0.05 was considered 
significant. GraphPad Prism version 9.0.1 for Mac, GraphPad 
Software, (San Diego, CA) was used for all statistical analyses.

RESULTS

Thirty-eight patients (19 each female/male) were included 
(Table 1). The mean age at the time of transplantation was 
56.12 (range 31–73) y. Most of the patients were transplanted 
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because of PF (42.1%) and chronic obstructive pulmonary 
disease (39.5%). Double lung transplant was most common 
(65.8 %). Twenty-three patients (60.5%) developed CLAD, 
of whom 6 (15.8%) developed RAS until the last date of fol-
low-up. The remaining 17 patients were defined as having a 
BOS phenotype. During the study period, 52.6 % (n = 20) of 
the patients died, and the mean observed survival time was 
6.2 y (range 0.9–10.5). The median time to CLAD was 29 
mo (range 8–96). The median time to RAS was 10 mo (range 
8–36).

We did not find any significant difference in levels of COMP 
at M3, M6, and M12 between patients who developed CLAD 
and those who did not (Figure 1). Further analysis of the RAS 
subgroup revealed that the mean levels of COMP during M3 
were significantly higher among those who developed RAS 
than those who did not develop RAS (10.9 [8.2-17.5] U/L 
versus 7.4 [3.9-10.8] U/L, P = 0.008; Figure 2). Moreover, the 
levels of COMP among those with RAS were slightly higher 
also during M6, although not statistically significant.

A separate analysis of RAS patients (Table  2) was per-
formed. We did not find any significant difference regarding 
mean age at the time of transplantation between those with 
RAS versus No-RAS (60.5 [42-70] versus 55.6 [31-73]) y; 
P = 0.199). The RAS patients were mainly (66.7%) operated 
with single LTx compared with 28.1% among the No-RAS 
patients. Transplant type and PF were, therefore, identified as 
potential confounders. However, there were no statistically 
significant differences in COMP levels if grouped on Single 
versus Double LTx nor if grouped on PF versus no PF as trans-
plant diagnosis. We also found that patients with RAS had 
significantly shorter mean survival time compared with those 
without (2.4 [0.9-9.0] versus 6.9 [1.4-10.5] y, P = 0.002).

In the retrospective analysis of laboratory charts, only 5 
blood differential counts were found, and one of these showed 
eosinophilia. In the retrospective analysis of BAL cytology, 83 

counts of full differential counts were recorded. The pooled 
analysis of COMP levels and BAL samples showed that the 
COMP levels were significantly higher (P = 0.0246) among the 
samples collected in the proximity of BAL with eosinophilia 
than those without (Figure 3).

DISCUSSION

This study shows that the mean increase in COMP serum 
levels between the 1- and the 3-mo control after LTx was 
significantly elevated in patients who later developed RAS, 
than in patients who did not develop this complication. As 
expected, we found that RAS was associated with shorter sur-
vival after lung transplantation in our cohort. To our knowl-
edge, this is the first time COMP levels have been associated 
with RAS development.

CLAD’s mechanism and its different phenotypes are still 
uncertain and poorly understood.4 However, fibroprolifera-
tive processes are a distinct pattern in both phenotypes.2,3

Fibrosis is a process characterized by excess ECM. COMP 
has displayed an important role in the deposition of type I col-
lagen, which leads to the activation and conversion of fibro-
blasts to myofibroblasts and takes place following infiltration 
of inflammatory cells with or without an excessive mechanical 
stretch of these tissues.18

Like IPF, the RAS phenotype of CLAD shows a pattern of 
fibroelastosis,19 suggesting a possible rationale for the associa-
tion of elevated COMP in serum and RAS. Epithelial to mes-
enchymal transition has been suggested as the key mechanism 
in CLAD development.20 TGF-β plays a central role in the 
development of epithelial to mesenchymal transition,21 and 
COMP catalyzes the fibril formation by promoting the early 
association of collagen molecules, leading to an increased 
fibrillogenesis and a more distinct organization of the fibrils.22 
The Leuven group showed an inferior survival among RAS 
patients with elevated eosinophils in blood and elevated 
neutrophils in bronchoalveolar lavage (BAL).23 Eosinophilic 
inflammation plays an important role in the development of 
fibrosis in several organs, including the lungs.24 Eosinophils 
act as direct modulatory cells in fibroblast proliferation, col-
lagen synthesis, and lattice contraction, in part, through TGF-
β.25 Our finding that serum levels of COMP were elevated 
already at month 3 posttransplant suggests that the detri-
mental process eventually resulting in RAS development may 
start already at a very early time-point during the posttrans-
plant period. That this association is only found in the first 
samples could suggest that the mechanisms for RAS promo-
tion change over time. An association between COMP and 
eosinophils has been shown in cartilage degradation.26 These 
findings could suggest an inflammatory interaction between 
COMP and eosinophils in lung allograft dysfunction, possibly 
leading to a rapidly evolving fibrosis in RAS. Our series shows 
an association between BAL eosinophilia and serum levels of 
COMP. Although this finding confirms the previous studies of 
an association between COMP and eosinophils, it also sup-
ports the hypothesis that COMP might be associated with the 
pathophysiological mechanisms behind RAS.

Furthermore, Inui et al27 demonstrated the pivotal role of 
COMP and TGF-β in the assembly of collagen V (col(V)) in 
the extracellular matrix. Previous data have shown that col 
(V) is a target of the immune response during lung allograft 
rejection that leads to primary graft dysfunction.28 Primary 

TABLE 1.

Characteristic of the study population (N = 38)

Variable n (%)

Female 19 (50.0)
Diagnosis   
 Alpha-1 trypsin deficiency 4 (10.5)
 Alveolar microlithiasis 1 (2.6)
 COPD 15 (39.5)
 Pulmonary fibrosis 16 (42.1)
 Sarcoidosis 1 (2.6)
 Scleroderma 1 (2.1)
Transplant type   
 Single 13 (34.2)
 Bilateral 25 (65.8)
Chronic Rejection   
 None 15 (39.5)
 CLAD 23 (60.5)
 BOS 17 (44.7)
 RAS 6 (15.8)
 Death at end of follow-up 20 (52.6)
 Mean Range
Age at time of LTx, y 56.12 31–73
Survival, y 6.2 0.9–10.5

BOS, bronchiolitis obliterans syndrome; CLAD, chronic lung allograft dysfunction; COPD, chronic 
obstructive pulmonary disease; LTx, lung transplantation; RAS, restrictive allograft syndrome.
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graft dysfunction is an important independent risk factor for 
the development of BOS.29,30 Col (V) is overexpressed in lung 
biopsies of BOS patients, and the alfa1 (V)-specific antibody 
is detected in bronchoalveolar lavage fluid of lung transplant 
patients.31 Thus, COMP, TGF-beta, col (V), and eosinophils, 
could, through mutual influence, contribute to fibrosis devel-
opment, which is shown to be one of the most important pro-
cesses in the development of CLAD and RAS.3 COMP may 
have an initializing role in this process.

In our study, two-thirds of RAS patients received single 
lung transplantation (SLTx) compared with one-third among 
no-RAS. Moreover, half of the RAS patients were IPF patients, 
which has previously been associated with a higher risk for 
RAS32 and elevated levels of COMP.33 However, there were no 

statistically significant differences in relation to SLTx nor IPF 
between the RAS and the No-RAS populations. Furthermore, 
there was no significant association between either factor or 
COMP. We, therefore, deem it unlikely that either factor is 
confounding the results. There are, to the best of our knowl-
edge, currently no normal values of COMP in sera of healthy 
adults to compare our results with. In a small population 
of healthy adults, the mean serum COMP concentration of 
9.98 ± 3.38 U/l has been reported.34

However, the current study has several limitations. As 
a single-center retrospective cohort study at a specialty 
referral center affiliated with an academic tertiary referral 
center, restricting its applicability to the general population. 
Moreover, the retrospective design can generate hidden and 

FIGURE 1. Boxplots showing COMP levels at 3, 6, and 12 mo after lung transplantation among patients that either developed CLAD or not. 
CLAD, chronic lung allograft dysfunction; COMP, cartilage oligomeric matrix protein.

FIGURE 2. Boxplots of COMP levels at 3, 6, and 12 mo after lung transplantation among those with RAS and those without RAS. At 12 mo 
only 2 patients in the RAS group were still alive, thus no boxplot was generated. * P < 0.01. COMP, cartilage oligomeric matrix protein; RAS, 
restrictive allograft syndrome.
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nonrandom selection bias, which possibly affects the conclu-
sions. For example, the pairwise selection model from the 
main cohort was intended to amplify possible findings in the 
cohort but also introduced further bias, possibly by seeding 
CLAD-prone patients into the cohort because follow-up time 
was not selected as a criterion for matching. The study’s major 
strengths include the long follow-up period, the standardized 
manner in which the surveillance program, and the collection 
of tests have been carried out.

In conclusion, our results suggest that increased levels of 
COMP during the first months after the LTx is associated with 
RAS development later in the clinical course. RAS is a more 
aggressive type of CLAD with a worse prognosis and survival. 
COMP might be a potential biomarker for early disease activ-
ity in lung transplant recipients. However, these findings must 
be corroborated in a more extensive prospective study. There 
is also a need for more research that explores modalities that 
affect COMP expression, especially in RAS.
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