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ABSTRACT 

Background: Circulating anti-HLA donor-specific serum antibodies (sDSA) increase the risk of 

chronic lung allograft dysfunction (CLAD) and mortality. Discrepancies between serological and 

pathological/clinical findings are common. Therefore, we aimed to assess the presence of tissue-bound 

graft DSA (gDSA) in CLAD explant tissue compared to sDSA. 

Methods:  

Tissue cores, obtained from explant lungs of unused donors (n=10) and patients with bronchiolitis 

obliterans syndrome (BOS, n=18) and restrictive allograft syndrome (RAS, n=18), were scanned with 

microCT before elution of antibodies. Total IgG levels were measured via ELISA. Anti-HLA Class I 

and II IgG gDSA were identified using Luminex Single Antigen Beads and compared to DSA found in 

serum samples. 

Results: Overall, mean fluorescence intensity was higher in RAS eluates compared to BOS and 

controls (p<0.0001). In BOS, 2 patients were sDSA+/gDSA+ and 2 were sDSA-/gDSA+. In RAS, 4 

patients were sDSA+/gDSA+, 1 was sDSA+/gDSA- and 5 were sDSA-/gDSA+. Serum and graft 

results combined, DSA were more prevalent in RAS compared to BOS (56% vs. 22%, p=0.04). There 

was spatial variability in gDSA detection in 1 BOS patient and 3 RAS patients, who were all sDSA-. 

Total graft IgG levels were higher in RAS than BOS (p<0.0001) and in gDSA+ versus gDSA- 

(p=0.0008), but not in sDSA+ versus sDSA- (p=0.33). In RAS, total IgG levels correlated with 

fibrosis (R= -0.39, p=0.02).  

Conclusion: This study underlines the potential of gDSA assessment as complementary information 

to sDSA findings. The relevance and applications of gDSA need further investigation.  



 
 

INTRODUCTION 

Survival after allograft transplantation, irrespective of allograft type, remains problematic. This is 

partly due to the complexity of combining two genomes – that of the donor and that of the recipient –

and the ability of the recipient’s immune system to recognize the allograft as non-self, causing a 

proliferative alloimmune response that leads to allograft rejection and dysfunction. Of all solid organ 

transplantations, lung allografts fare the worst with chronic lung allograft dysfunction (CLAD) 

affecting 50% of primary lung transplant recipients within 3-5 years following transplantation 
1,2

. 

CLAD is defined as a persistent decline ≥20% in forced expiratory volume in 1 second (FEV1) 
3
 

and chronic rejection is suspected when no identifiable cause for CLAD is found. Further phenotyping 

is made based on pulmonary function and imaging 
4
; being either obstructive, i.e. bronchiolitis 

obliterans syndrome (BOS), or restrictive accompanied by persistent CT opacities, i.e. restrictive 

allograft syndrome (RAS) 
5,6

. Moreover, patients with RAS experience a worse prognosis (1-1.5 years) 

compared to patients with BOS (3-5 years) 
7–9

. 

Recognition of donor human leukocyte antigens (HLA) as non-self and the subsequent production 

of anti-HLA donor-specific antibodies (DSA) is a predominant driver of alloimmune response after 

transplantation 
10,11

. This may lead to antibody-mediated rejection (AMR), resulting in graft injury 

through various DSA-driven mechanisms 
12

. Circulating de novo DSA are therefore a key diagnostic 

criterion for AMR after lung transplantation, next to characteristic lung histology with or without 

evidence of (endothelial) complement C4d deposition within the graft 
13

.  

Occurring in 10-50% of lung transplant recipients, post-transplant de novo DSA increase the risk of 

CLAD and mortality 
14–16

. Moreover, an important difference in prognosis between persistent and 

transient DSA was demonstrated, as well as an association between DSA/AMR and the RAS 

phenotype 
17,18

. Unfortunately, detection and interpretation of circulating DSA remains challenging, 

and discrepancies between serological and pathological/clinical findings are common. It has already 

been suggested that circulating DSA may not always be detectable during AMR in kidney and liver 

transplantation 
19–21

. In lung transplant biopsies, Visentin et al. demonstrated that circulating DSA in 



 
 

the presence of graft DSA reliably identified the most pathogenic DSA and lung transplant recipients 

with a higher risk for graft loss 
22

, however without discerning BOS and RAS phenotype. 

Therefore, in the present study, we assessed the presence and relevance of tissue-bound intragraft 

DSA (gDSA) in well-characterized explant lungs of BOS and RAS patients.  



 
 

MATERIALS & METHODS 

Study Cohort 

Thirty-six redo lung transplantations (LTx) and autopsies performed in CLAD patients from 

October 2010 until November 2017 were included. RAS was diagnosed based on a restrictive 

pulmonary function (either forced vital capacity, FVC, decline ≥20% or total lung capacity, TLC, 

decline ≥10% compared to the best baseline post-LTx) in combination with the presence of persistent 

opacities on chest CT 
4
. In all other cases, BOS was diagnosed. Clinical phenotype was confirmed via 

histopathological analysis of the contralateral lung (i.e. normal parenchyma and obliterative 

bronchiolitis (OB) in BOS and interstitial fibrosis and pleural/septal thickening with/without OB in 

RAS). Ten declined human donor lungs were used as controls (reason for decline: persistent 

embolization, n=4; infection, n=2; contusion, n=2; kidney tumour, n=1; unexpected death of recipient, 

n=1). 

Ethics statement 

Written informed consent to participate in biobanking and scientific research was provided by all 

patients included in the study. This was approved by the institutional review board of Leuven 

University Hospital and under existing Belgian law stating that organs of insufficient quality for 

transplantation can be used in approved research programs (S57742, S51577, ML6385). 

Explant lungs 

Human explant lungs were collected at time of redo LTx or autopsy, as described previously 
23

. 

Air-inflated lungs were frozen in liquid nitrogen fumes and cores of 1.4 cm diameter and 2 cm length 

were extracted. For this study, 18 BOS and 18 RAS lungs were used from which two cores from 

distinctly separate regions (different locations within the lung and for RAS different degrees of 

fibrosis as assessed by microCT) were taken to investigate regional disparity within the lung; one 

tissue core was used in the control group. All tissue cores were scanned in frozen condition (-30°C) 

using microCT (Skyscan 1172, Bruker, Kontich, Belgium). Surface density was assessed by CTan 



 
 

(Bruker, Kontich, Belgium) and used as read-out of disease severity, as lower values reflect increased 

tissue fibrosis 
24

. 

Elution and measurement of IgG antibodies from biopsies 

Tissue (ca. the size of a needle biopsy; 112 mm³) was extracted from each tissue core and 

homogenized 
22

. Intragraft IgG antibodies were eluted using Gamma ELU-kit II (Immucor). Total IgG 

levels were measured via sandwich ELISA (Invitrogen, CA, USA), according to manufacturer’s 

instructions. 

Anti-HLA antibody testing via Luminex 

Anti-HLA Class I and II antibodies were identified in graft eluates using single antigen HLA tests 

(LABScreen LS1A04 and LS2A01, One Lambda Inc., CA, USA) on a Luminex 200 analyser, 

according to manufacturer’s instructions. The mean fluorescence intensity (MFI) values were 

normalized to the MFI of the negative control beads. Donor specificity was determined via 

identification of the specificity of HLA antibodies and donor HLA typing. The positivity threshold for 

gDSA was set at MFI higher than 75 and higher than the mean plus 5 standard deviations of the MFI 

obtained in graft eluates for the recipient’s own alleles, calculated for each HLA locus. This method 

has been refined since the original article by Visentin et al. 
22

. The positivity threshold is lower for 

eluates than for serum, due to a lower non-specific background caused by eluate matrix when 

compared to raw serum. 

Serum DSA assessment 

Serum DSA (sDSA) profiles were assessed for all patients 
17

. In Leuven University Hospital, 

routine measurements are performed at LTx, at month 1, 3, 6, 9, 12, 18 and 24 post-transplant, and 

yearly thereafter. Additional measurements are performed based on clinical information. Luminex was 

used according to the institutions’ protocol to detect anti-HLA antibodies. The positivity threshold for 

sDSA was set at MFI of 500. When a screening was considered positive, identification of the 

specificity of HLA antibodies using single bead antigens followed to define it as DSA or not 



 
 

(Immucor, GA, USA). A distinction was made between de novo persistent sDSA, i.e. present against 

the same donor HLA antigen on at least two measurements at least 3 weeks apart, and cleared sDSA, 

i.e. present against the donor HLA antigen for less than 3 weeks with all subsequent measurements 

being negative. 

Statistical analysis 

Results are presented as mean ± SEM or median (IQR). Discrete data were compared via 

contingency tables and Chi². For continuous data, the Mann–Whitney U test or two-way ANOVA with 

Sidak’s multiple comparisons was used. The Log-rank test was used for survival analysis and 

correlation was performed using Spearman’s rank test. Presence of sDSA and gDSA were compared 

per patient. As 2 cores per lung were assessed, patient gDSA positivity was defined by at least one 

core with gDSA. For IgG and surface density, results were analysed per core. GraphPad prism 8.0 

software (San Diego, CA, USA) was used. P<0.05 was considered significant. 

  



 
 

RESULTS 

Study cohort characteristics 

Study cohort characteristics are shown in Table 1. There were no demographic differences between 

control, BOS and RAS except for donor age (p=0.04, not attributable to specific group). Median graft 

survival post-CLAD diagnosis was worse in RAS compared to BOS (p=0.0073). Last FEV1 and 

FEV1/FVC was lower in BOS compared to RAS (p=0.0047 and p<0.0001 respectively) while FVC 

and TLC was lower in RAS compared to BOS (p=0.0053 and p=0.013 respectively). 

Table 1 - Study cohort characteristics 

 control BOS RAS p-value 

N 10 18 18  

Recipient age, Y NA 48 (35-60) 53 (35-59) 0.71 

Recipient gender (M), n (%) NA 8 (44) 10 (56) 0.51 

Indication for primary transplant, n (%) NA   0.20 

COPD  3 (17) 9 (50)  

CF & BRECT  6 (33) 2 (11)  

ILD  5 (28) 2 (11)  

Pulmonary hypertension  2 (11) 3 (17)  

Eisenmenger’s syndrome  0 (0) 1 (6)  

other  2 (11) 1 (6)  

Donor age, Y 52 (39-57) 39 (22-51) 50 (32-55) 0.04 

Donor gender (M), n (%) 6 (60) 7 (39) 9 (50) 0.55 

Gender mismatch donor-recipient, n (%) NA 1 (6) 3 (17) 0.60 

CMV mismatch donor-recipient, n (%) NA 5 (28) 5 (28) >0.99 

HLA matches, n (%) NA   0.83 

HLA-A  12 (67) 10 (56)  

HLA-B  6 (33) 2 (11)  

HLA-C  0 1 (6)  

HLA-DR  6 (33) 8 (44)  

HLA-DQ  3 (17) 2 (11)  

Autopsy, n (%) NA 2 (11) 7 (39) 0.12 

Median graft survival post LTx, Y NA 6.30 (3.11-9.26) 5.18 (3.96-8.51) 0.25 

Median graft survival post CLAD, Y NA 2.60 (0.98-5.72) 0.97 (0.10-0.97) 0.0073 

Last pulmonary function NA    

FEV1 , L  0.63 (0.53-0.75) 0.83 (0.65-1.13) 0.0047 

FVC, L  1.64 (1.44-2.00) 1.27 (1.05-1.60) 0.005 



 
 

TLC, L *  5.33 (4.27-6.41) 4.04 (2.89-4.67) 0.013 

FEV1/FVC, %  0.36 (0.30-0.42) 0.70 (0.58-0.79) <0.0001 

Abbreviations: LTx, lung transplantation; CLAD, chronic lung allograft dysfunction; BOS, 

bronchiolitis obliterans syndrome; RAS, restrictive allograft syndrome; COPD, chronic obstructive 

pulmonary disease; CF, cystic fibrosis; BRECT, bronchiectasis; ILD, interstitial lung disease; CMV, 

cytomegalovirus; HLA, human leukocyte antigen; FEV1, forced expiratory volume in 1 s; FVC, forced 

vital capacity; TLC, total lung capacity; NA, not applicable. Results are shown in numbers 

(percentage), as mean ± SEM, or as median (IQR). P-values show the results of the Kruskal–Wallis 

ANOVA or Mann–Whitney in case of continuous data. For discrete data, the results of the 

contingency table are shown. A p-value <0.05 was considered significant and is indicated in bold. * 

TLC data was missing for 6 BOS and 7 RAS patients. 

Control lung tissue 

Among the 10 control samples, 1 showed increased MFI for all HLA loci compared to the other 

samples [65.5 (25.25-84.00) vs. 11 (8-14), p<0.0001, data not shown] without any explanation. 

However, none of the MFI values reached the positivity threshold for antibodies. 

 General MFI strength in graft eluates 

Overall, the normalized mean MFI was higher in RAS eluates compared to BOS and controls 

(p<0.0001) and was locus dependent (p<0.0001). Specifically for HLA-C and HLA-DQ, MFI was 

significantly higher in RAS [42 (11-263) and 66 (4-332)] than in BOS [22 (9-102) and 22 (12-82), 

p<0.0001] and controls [16 (7-26) and 16 (8-22), p<0.0001, Figure 1A]. 

Donor-specific anti-HLA antibodies (DSA) in serum and graft 

A total of 11 patients (31%), 3 BOS (27%) and 8 RAS (73%), had positive measurements for 

sDSA. Seven (64%, 2 BOS and 5 RAS) of these patients had persistent sDSA, while 3 (27%, 1 BOS 

and 2 RAS) cleared sDSA, and 1 (9%, RAS) only had sDSA in the last measurement prior to redo 



 
 

LTx. Patients who cleared the sDSA after a brief period of positivity or only had the last measurement 

positive prior to redo LTx were considered as sDSA negative for further analyses. 

In BOS, the 2 patients with persistent sDSA also exhibited gDSA (sDSA+/gDSA+, 11%) (Figure 

1B). Two other BOS patients were negative for sDSA but positive for gDSA (sDSA-/gDSA+, 11%). 

The patient with cleared sDSA did not show any gDSA. Among the 4 gDSA+ patients, 1 (25%) 

displayed anti-HLA class I targeting HLA-A, 1 (25%) displayed anti-HLA class I and II targeting 

HLA-B and HLA-DR, and 2 had anti-HLA class II targeting HLA-DQ (n=2, 50%) (Table 2). 

In RAS, 5 patients had persistent sDSA after transplantation. Of these patients, 4 also showed 

gDSA (sDSA+/gDSA+, 22%) while 1 was negative for gDSA (sDSA+/gDSA-, 6%) (Figure 1B). Five 

RAS patients were negative for persistent sDSA but positive for gDSA (sDSA-/gDSA+, 28%), of 

which 1 had cleared sDSA. The majority of gDSA found in RAS patients were against HLA class II: 4 

targeting HLA-DQ (44%) and 1 targeting both HLA-DR and HLA-DQ (11%) (Table 2). Two were 

against HLA class I targeting HLA-B (n=1, 11%) and HLA-C (n=1, 11%) while 2 patients had gDSA 

against both class I and class II targeting HLA-A (n=1, 11%) or HLA-C (n=1, 11%) as well as HLA-

DQ.  

Therefore, independent of CLAD phenotype, 7 sDSA- patients demonstrated gDSA positivity and 

1 sDSA+ patient was gDSA-. Serum and graft results combined, DSA were significantly higher in 

RAS compared to BOS (56% vs. 22%, p=0.04, Figure 1B). However, follow-up time (6.30 vs 5.18 

years, p=0.25, table 1) and time to first sDSA detection (5.97 vs 3.40 years, p=0.62) was similar 

between the groups. 

  



 
 

Table 2 – HLA antigenic specificities of DSA in serum 

  

sDSA/ 

gDSA 

status 

C4d 

status 

in TBB 

POY 1st 

sDSA+ 

POY last 

sDSA+ 
serum graft 

POY 

explant/ 

autopsy 

    
  A B C DR DQ A B C DR DQ 

 

1 BOS +/+ NA 15,83 16,99 0 0 0 DR15 0 0 0 0 0 
DQ6/8 

DQA1*05 
17,18 

2 BOS -/+ NA NA NA 0 0 0 0 0 0 B51 0 
DR15/5

1 
0 7,18

*
 

3 BOS +/+ NA 2 6,88 0 0 0 DR52 DQ7 A25 0 0 0 0 6,92 

4 BOS -/+ - NA NA 0 0 0 0 0 0 0 0 0 DQ6/7 2,60 

5 BOS -/- - NA NA 0 0 0 0 0 0 0 0 0 0 1,68 

1 RAS -/+ NA NA NA 0 0 0 0 0 0 0 0 0 DQ5/6 8,71 

2 RAS -/+ NA NA NA 0 0 0 0 0 0 0 
Cw2/4/5

/6 
0 0 10,23 

3 RAS +/+ NA 4,14 5,84 0 0 0 0 DQ7 0 0 0 0 
DQA1*05 

DQ7 
6,26 

4 RAS +/- NA 1,53 4,06 0 0 0 DR15 DQ2 0 0 0 0 0 4,30 

5 RAS +/+ NA 6,05 8,45 0 0 0 DR52 DQ2 0 0 0 0 DQ2 8,45 

6 RAS -/+ NA 8,01 8,01 0 0 0 0 0 0 0 0 DR8/52 DQ7/8/9 9,07
*
 

7 RAS -/+ NA NA NA 0 0 0 0 0 0 B35 0 0 0 8,16
*
 

8 RAS -/+ - 3,56 3,56 0 0 0 0 0 A3 0 0 0 DQ7/8/9 4,13
*
 

9 RAS +/+ - 0,73 1,5 0 0 0 DR51 DQ5/6 0 0 Cw7 0 DQ5/6 1,84
*
 

10 RAS +/+ + 1,5 4,39 0 0 0 DR52/53 DQ7/8/9 0 0 0 0 DQ7/8/9 4,58 

11 RAS -/- + NA NA 0 0 0 0 0 0 0 0 0 0 3,47 

12 RAS -/- - NA NA 0 0 0 0 0 0 0 0 0 0 2,71
*
 

13 RAS -/- - NA NA 0 0 0 0 0 0 0 0 0 0 4,46
*
 

Abbreviations: BOS, bronchiolitis obliterans syndrome; RAS, restrictive allograft syndrome; DSA, donor-specific antibodies; sDSA, serum DSA; gDSA, graft DSA; C4d, 

complement component 4d; TBB, transbronchial biopsies; POY, post-operative year; NA, not applicable. Autopsies are indicated with 
*
. 



 
 

Spatial variability of DSA presence in situ 

Given the discrepancy between sDSA and gDSA for many patients, we investigated the possibility 

that gDSA could be focal, resulting in 1 core being positive for gDSA while the other is negative 

within the same lung. In BOS, 1 of the 4 gDSA+ patients (25%) showed intragraft variability while in 

RAS, this was observed for 3 of the 9 gDSA+ patients (33%) (Figure 2). Interestingly, all of these 

patients were sDSA-. This was not associated with morphological findings as evident from microCT 

(increased fibrosis, OB lesions, etc.). 

Total IgG levels and correlation with morphology 

To further investigate this spatial variability, total IgG levels were determined in graft eluates as a 

measure for immunological activity. Total graft IgG was significantly higher in RAS versus BOS (660 

ng/mL (489-914) vs. 220 ng/mL (190-463), p<0.0001, Figure 3A). Independent of the CLAD 

phenotype, total IgG concentration was higher in gDSA+ samples versus gDSA- samples (624 ng/mL 

(454-1017) vs. 292 ng/mL (173-654), p=0.0008, Figure 3B). There was no difference in total IgG 

concentration in sDSA+ and sDSA- samples (541 (396-679) vs. 336 (213-774), p=0.33, Figure 3C). 

As there was a pronounced difference in the degree of fibrosis in RAS samples, we further used 

microCT to quantify surface density, used as measure for degree of fibrosis. Total IgG levels and 

surface density showed a weak inverse correlation in RAS (R= -0.39, p=0.02, Figure 3D). However, 

when discriminating gDSA+ and gDSA- RAS samples, the significance was lost (gDSA+ samples: R= 

-0.5, p=0.06, Figure 3E; gDSA- samples: R= -0.26, p=0.26, Figure 3F). 

C4d staining was performed for 2 (11%) BOS and 6 (33%) RAS patients. In BOS, both patients 

were C4d negative (sDSA-/gDSA-, n=1; sDSA-/gDSA+, n=1). In RAS, 2 patients were C4d positive 

(sDSA-/gDSA-, n=1; sDSA+/gDSA+, n=1) and 4 were C4d negative (sDSA-/gDSA-, n=2; sDSA-

/gDSA+, n=1; sDSA+/gDSA+, n=1).  

Due to clinical suspicion of AMR, 3 (17%) BOS and 6 (33%) RAS patients had previously 

received treatment consisting of a 3-day course of high dose IV steroids, rituximab (1 dose of 375 



 
 

mg/m²) and 7-10 sessions of plasmapheresis, followed by intravenous immunoglobulins (0.5 mg/kg) 

after each session. In BOS, 2 patients were sDSA-/gDSA-, while 1 was sDSA-/gDSA+. In RAS, 3 

patients were sDSA-/gDSA-, 1 was sDSA-/gDSA+, and 2 were sDSA+/gDSA+. 

Case report demonstrates DSA detection in graft prior to appearance in serum 

To further demonstrate the importance of gDSA assessment, an illustrative case is shown in Figure 

4. Eight years post lung transplant, the patient developed RAS, without detectable sDSA, for which he 

underwent redo LTx. The patient re-developed CLAD and de novo DSA targeting HLA-DQ1 of the 

first donor were detected in serum 6 years following redo LTx. Our retrospective analysis of the 

explanted first lung, obtained at redo LTx, demonstrated that the anti-HLA-DQ1 DSA against the first 

donor were already detectable in the graft at the time of redo LTx, without ever detecting circulating 

DSA earlier. 

  



 
 

DISCUSSION 

 

In this study, we confirm that DSA can be detected in graft eluates from lung allograft tissue, 

supporting previous findings 
22

. We report that DSA, whether in serum or in graft, were more 

prominent in RAS than BOS in our cohort. Interestingly, serum DSA negativity did not necessarily 

mean graft DSA negativity or vice versa: our findings show 7 sDSA-/gDSA+ patients and 1 

sDSA+/gDSA- patient. Moreover, gDSA positivity was subject to spatial variability within the lungs, 

especially in patients without sDSA. Total IgG levels were higher in RAS and in gDSA+ samples; and 

inversely correlated with surface density in RAS. 

The overall higher MFI levels in RAS tissue suggest a higher humoral baseline compared to BOS. 

Graft total IgG levels were also higher in RAS, which is consistent with earlier studies showing 

increased complement proteins and immunoglobulins (pointing to activation of B-cells) in 

bronchoalveolar lavage of RAS patients, while lymphoid follicles were only present in RAS tissue 

25,26
. Taken together, these results reinforce the idea that the humoral immune system is predominantly 

important in RAS.  

Our results indicate a clinical relevance of gDSA assessment complementary to sDSA, especially 

in RAS. The high prevalence of DSA positivity in RAS supports previous statements of possible RAS 

and AMR overlap 
17,18

, since some patients diagnosed with RAS might actually be concealed (chronic) 

AMR, which has implications for therapy such as plasmapheresis and intravenous immunoglobulin 

treatment. When attempting to relate the DSA results with C4d staining data, no associations could be 

found. However, while the most recent consensus on pulmonary AMR includes C4d positivity as 

diagnostic criteria, the sensitivity of C4d staining is questioned 
13

. Moreover, several studies have 

indicated that C4d staining is difficult to interpret in lung biopsies, due to poor reproducibility, high 

background staining and insufficient sensitivity for AMR 
27–30

.   

We were able to detect regional disparity of gDSA positivity within the same lung for 1 BOS and 3 

RAS patients. This might not be surprising if we keep the heterogeneity of disease severity within 

CLAD lungs – and specifically within RAS – in mind. Besides, a single biopsy cannot be 



 
 

representative of a whole organ, as is the case with a tissue core and lung. Another possible 

explanation for this heterogeneity could be the in situ antibody production in bronchus-associated 

lymphoid tissue (BALT). Interestingly, no sDSA were detected in any of these patients, which may be 

due to strong intragraft binding (i.e. sponge effect of the capillary bed), reducing sDSA levels. 

Measuring the total IgG levels and demonstrating that these were not only higher in RAS versus 

BOS, but also in gDSA+ versus gDSA- samples, underlines the immunological importance of this 

spatial variability and renders support to our finding of significant heterogeneity. Total IgG levels in 

RAS also inversely correlated with surface density, implying that eluates obtained from more fibrotic 

tissue held more IgG antibodies than non- or less fibrotic tissue.  

Given that our findings demonstrated 7 sDSA-/gDSA+ patients, this suggests that in situ DSA 

assessment from graft could increase the sensitivity of DSA detection in LTx patients. This could be 

crucial when thinking of therapies, but also when considering cross-matching before redo LTx. Our 

case example, where we report detection of gDSA against HLA-DQ1 prior to its detection in serum, 

further supports this notion. 

There are some limitations to this study. First, one could scrutinize our positivity definition in graft, 

suggesting that we are overestimating the number of gDSA. Indeed, defining the optimal positivity 

threshold for graft proved challenging as there is limited literature to start from. We chose to use the 

MFI values obtained in graft eluates for the alleles expressed by the recipient (i.e. the recipients self 

antigens) as a baseline per locus. The positivity threshold was then set at a MFI higher than 75 and 

higher than the mean+5SD of the recipients self antigens, a method adapted from the studies of 

Bachelet and Visentin 
22,31

. Furthermore, the stringency of the positivity threshold was tested in a sub-

analysis, where a MFI higher than 75 (as previously mentioned), but a cut-off of the mean+3SD of the 

recipients self antigens was used. Including these possible gDSA resulted in 1 extra sDSA-/gDSA+ 

BOS patient, 1 extra sDSA-/gDSA+ RAS patient and 1 extra sDSA+/gDSA+ RAS patient. All these 

patients showed spatial gDSA variability within the lung. However, this sub-analysis showed 

significantly more false positives (i.e. non-DSA anti-HLA antibodies) and therefore, the definition 

using mean+5SD was used for further analyses. 



 
 

Secondly, samples were obtained from explants at redo LTx as well as from autopsies, meaning 

there could be a delay in the processing of some samples even though our center aims to process all 

autopsies within 24h. Nonetheless, MFI values did not differ between explant or autopsy and gDSA 

were demonstrated in both groups.  

Another criticism could be that sDSA were not properly removed during the washing procedure 

before elution and that what we are measuring as gDSA is in fact remnants of sDSA, i.e. merely a 

serum dilution. However, this method has been used previously and can be considered validated 
22

. 

Moreover, the supernatant of the last washing step can be used as a negative control to demonstrate 

that all serum antibodies have been removed, which has been verified in previous work 
22

. Also, some 

patients showed completely different DSA in serum than in graft while others showed only 1 of the 

sDSA in their graft tissue. We believe that there are 2 possible scenarios leading to these differences: 

(i) in situ antibody production in BALT, resulting in completely distinct DSA in serum and graft, and 

(ii) difference in binding capacity between the sDSA within the lung allograft, resulting in some but 

not all of the sDSA found in the graft. 

Although gDSA assessment seems promising, there are several issues to contemplate before its 

routine use in clinic. In addition to the time required to elute and analyse gDSA, the interpretation 

remains challenging and unstandardized. We should also note that the size of tissue used in this study 

might be larger than what would be possible in the clinical setting. Furthermore, the regional disparity 

in gDSA positivity shows that it might be necessary to take several biopsies from distinct regions. 

Transbronchial biopsies (TBB) may therefore not be ideal to work with, given their small size and 

limited range.   

In conclusion, this study underlines the potential of gDSA assessment as complementary 

information to sDSA findings. However, further investigation is needed whether stable lung transplant 

recipients demonstrate gDSA to determine the relevance and clinical applications of gDSA. 
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Figure 1 – MFI values of anti-HLA Class I and II antibodies and prevalence of DSA in CLAD tissue.
(A) Mean fluorescence intensity (MFI) values of control (n=10), BOS (n=18) and RAS (n=18) graft eluates, 
presented as median ± IQR, showing increased and locus-dependent MFI levels in RAS compared to BOS 

and controls (p<0.0001). Specifically for HLA-C and HLA-DQ, MFI was significantly higher in RAS than BOS 
and controls (all p<0.0001). (B) Prevalence of DSA in serum, in graft or combined, for BOS and RAS 
patients, presented as percentage of total patients with absolute numbers indicated on the graph. 



Figure 2 – Spatial graft DSA variability within lungs.
Per lung, two cores from distinctly separate regions (apical versus basal) were taken to investigate regional 
disparity within the lung. Within RAS, different degrees of fibrosis were also taken into account. (A) Spatial 
variability of gDSA positivity was detected within the same lung for 1 BOS and 3 RAS patients. (B) and (C) 

show microCT images of two cores from two BOS lungs, respectively with and without spatial gDSA 
variability. (D) and (E) show microCT images of two cores from RAS lungs, respectively with and without 

spatial gDSA variability. Each microCT image is accompanied by the MFI values of the donor alleles; the red 
line shows the limit of MFI>75 while the white shading represents the MFI>mean+5SD. gDSA positivity in a 

HLA locus is indicated by a plus sign above the bar. Abbreviations: AW = airway, BV = blood vessel. 



Figure 3 – Total IgG levels and correlation with morphology.
Total IgG levels, presented as median + IQR, in (A) BOS (n=36) versus RAS (n=36) cores showing 

increased IgG levels in RAS (p<0.0001); (B) gDSA+ (n=22) versus gDSA- (n=50) cores, independent of 
CLAD phenotype, showing increased IgG levels in gDSA+ cores (p=0.0008); and (C) sDSA+ (n=14) versus 

sDSA- (n=58) cores, showing no significant difference between groups. Surface density was used as a 
measure for the amount of fibrosis with lower values reflecting a higher degree of fibrosis. (D) In RAS 

samples, surface density inversely correlated with total IgG levels (R= -0.39, p=0.02); there was a trend 
towards significance in (E) gDSA+ (R=-0.5, p=0.06) but not in (F) gDSA- (R=-0.26, p=0.26) RAS samples. 



Figure 4 – Case report demonstrating DSA detection in graft prior to appearance in serum.
Evolution in FEV1 (L) of a lung transplant patient. Eight years post-transplant, the patient developed RAS, 

without sDSA being detected. After redo LTx, the patient re-developed CLAD type BOS. De novo serum DSA 
were not detected in serum until 6 years post-redo (anti-HLA DQ1). However, the DSA targeting HLA-DQ1 

were already detectable in graft obtained at the time of redo LTx. 


