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This largest-ever study on HLA-G SNPs and their relationship to transplant outcomes recognises the
role of lung donor HLA-G SNPs on allograft HLA-G expression and outcomes post lung
transplantation, a factor previously ignored http://bit.ly/2VZURhm
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ABSTRACT Human leukocyte antigen (HLA)-G is a non-classical HLA that inhibits immune responses.
Its expression is modified by single nucleotide polymorphisms (SNPs), which are associated with
transplant outcomes. Our aim was to investigate the association of donor and recipient HLA-G SNPs with
chronic lung allograft dysfunction (CLAD) and mortality after lung transplantation.

In this single-centre study, we examined 11 HLA-G SNPs in 345 consecutive recipients and 297 donors
of a first bilateral lung transplant. A multivariable Cox proportional hazards model assessed associations of
SNPs with death and CLAD. Transbronchial biopsies (TBBx) and bronchoalveolar lavage (BAL) samples
were examined using quantitative PCR, ELISA and immunofluorescence.

Over a median of 4.75 years, 142 patients (41%) developed CLAD; 170 (49%) died. Multivariable
analysis revealed donor SNP +3142 (GG+CG versus CC) was associated with increased mortality (hazard
ratio 1.78, 95% CI 1.12–2.84; p=0.015). In contrast, five donor SNPs, -201(CC), -716(TT), -56(CC),
G*01:03(AA) and 14 bp INDEL, conferred reduced mortality risk. Specific donor–recipient SNP pairings
reduced CLAD risk. Predominantly epithelial HLA-G expression was observed on TBBx without rejection.
Soluble HLA-G was present in higher concentrations in the BAL samples of patients who later developed
CLAD.

Specific donor SNPs were associated with mortality risk after lung transplantation, while certain donor–
recipient SNP pairings modulated CLAD risk. TBBx demonstrated predominantly epithelial, and therefore
presumably donor-derived, HLA-G expression in keeping with these observations. This study is the first to
demonstrate an effect of donor HLA-G SNPs on lung transplantation outcome.
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Introduction
Median survival after lung transplantation (LT) is limited to 5.7 years by chronic lung allograft dysfunction
(CLAD) [1, 2]. CLAD is progressive, with limited preventative and therapeutic options [3];
re-transplantation is available only for selected patients [4]. Identification of donor and recipient factors
present at the time of transplantation that may modify graft-damaging alloimmune and inflammatory
responses is therefore highly desirable.

Human leukocyte antigen (HLA)-G is a non-classical class Ib protein that exists in membrane-bound and
various soluble isoforms due to alternative splicing [5, 6]. It is expressed in placenta, leukocytes and
allograft parenchymal cells [7, 8], where it inhibits lymphocytes [9], promotes the induction of regulatory
cells [7, 10] and inhibits rejection [11, 12]. Unlike most HLA molecules, it exhibits limited variation in the
protein-coding region, but its expression is modified by single nucleotide polymorphisms (SNPs), many of
which are located in regulatory upstream and downstream elements of the HLA-G locus [13].

Higher HLA-G expression in lung tissue has been observed in LT patients free of rejection or CLAD [8].
In contrast, elevated soluble HLA-G (sHLA-G) concentrations in bronchiolar lavage (BAL) fluid has been
associated with acute rejection in patients who subsequently developed CLAD [14]. Lung recipients with
specific SNPs had lower serum sHLA-G concentrations and increased risk of CLAD [15], suggesting that
systemic but not BAL fluid HLA-G expression may attenuate CLAD risk.

To date, no studies have examined the influence of donor HLA-G on CLAD and mortality after LT. This
is an important question because donor-derived graft cells express HLA-G [8, 16]. Because HLA-G is
expressed by recipient leukocytes, different combinations of donor and recipient HLA-G expression may
influence outcomes. We previously found that both donor and recipient HLA-G SNPs modulated risk for
chronic allograft vasculopathy after heart transplantation [17]. Therefore, our goal was to determine the
effect of donor and recipient HLA-G SNPs on CLAD and mortality after LT.

Methods
Patients and follow-up
Between January 1, 2007, and December 31, 2011, 473 patients underwent LT in the Toronto Lung
Transplant Program (TLTP; figure 1a). Recipients aged <18 years at transplant (n=18), or who underwent
single LT (n=67), multi-organ transplant (n=9) or lung re-transplant (n=14) were excluded. The
remaining patients (n=345) who underwent a first bilateral lung transplant and their corresponding
donors (n=345) were eligible for inclusion in this single-centre retrospective study. From these, we
excluded one recipient lost to follow-up, and 19 recipients and 48 donors with missing or insufficient
DNA for genotyping. In total, 345 recipients and 297 donor–recipient pairs were included. Recipients’
demographic and clinical data were collected from electronic medical records. Patients were treated with
azathioprine (or mycophenolate for patients with anti-HLA antibodies), a calcineurin inhibitor
(cyclosporine or tacrolimus) and prednisone. Beginning in 2008, patients with pre-transplant sensitisation
received intra- and post-operative plasmapheresis, intravenous immunoglobulin replacement and
anti-thymocyte globulin [18]. Follow-up included regular pulmonary function tests, thoracic imaging, and
bronchoscopies. Donor and recipient DNA was obtained from the University Health Network HLA
laboratory. The study protocol was approved by the institutional research ethics board.

CLAD and mortality were recorded for each recipient until March 22, 2016 (median follow-up 4.75 years).
Graft survival was defined as freedom from death or re-transplantation. CLAD was determined according
to International Society for Heart and Lung Transplantation (ISHLT) criteria (forced expiratory volume in
1 s (FEV1) ⩽80% of baseline for ⩾3 weeks; absence of another specific cause) using a semi-automated
pulmonary function test algorithm [19, 20]. All CLAD diagnoses were confirmed by a respiratory
physician (SCJ, JT or TM) blinded to HLA-G data.

Selection of patients for HLA-G measurement in BAL samples
Beginning in 2011, the TLTP routinely biobanked BAL supernatants and cell pellets from all consenting
recipients. Our cohort included 82 patients who underwent LT in 2011 (figure 1b). To examine the
relationship between BAL sHLA-G and CLAD, we compared patients who developed CLAD within
3 years (n=25) with those who maintained stable lung function for at least 4 years (n=43) and who had at
least one available sample from their 3, 6 or 9 month surveillance bronchoscopies. To facilitate a
comparison between patients with early CLAD (within 3 years) and later-onset CLAD (after 4 years), we
excluded patients diagnosed with CLAD between 3 and 4 years post transplant (n=6) and patients who
died between 3 and 4 years post transplant (n=3). We also excluded patients with no stored BAL sample
(n=5). There were 23 missing samples.
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Selection of patients for transbronchial biopsy immunofluorescence
Our cohort included 256 patients with transbronchial biopsies (TBBx) performed between 165 and
195 days (i.e. 6 months) post transplant. Of these, 59 had an ISHLT grade of A0B0. We excluded patients
who developed CLAD between 3 and 4 years post transplant, those who died before 1 year post transplant
and those for whom tissue was not readily available. We selected the 10 most recent patients developing
CLAD within 3 years and 12 contemporaneous patients free of CLAD for at least 4 years post transplant
(figure 1c). The biopsies from these patients had a median of five (range four to nine) evaluable
parenchymal fragments.

a) SNP analysis b) BAL sHLA-G analysis

Recipient exclusion list:

Transplant recipient <18 years (n=18)

Single lung transplant (n=67)

Multi-organ transplant (n=9)

Lung re-transplant (n=14)

Lost to follow-up (n=1)

Missing/insufficient DNA (n=19)

TLTP transplants 2007–2011

n=473 recipients

Total recipients

n=345

Donor–recipient pairs

n=297

Donor exclusion list:

Missing/insufficient DNA (n=48)

c) TBBx HLA-G analysis

Recipients with TBBx performed

165–195 days post transplant

n=256

A0B0 TBBx performed at 6

months post transplant

n=59

Biopsies examined:

Most recent patients developing

CLAD within <3 years (n=10) and

contemporaneous patients with no

CLAD within 4 years (n=12) post

transplant

Exclusion list:

Ungradeable TBBx or ISHLT

  grade>A0B0 (n=190)

CLAD developed between

  3 and 4 years post transplant (n=3)

Died before 1 year post

  transplant (n=4)

Exclusion list:

Tissue not readily available

  (transplant before 2009) (n=23)

Total recipients

n=345

Total BAL analysis

n=82

Exclusion list:

Transplant not in 2011 (n=226)

No available BAL sample in

  archive collected in the 3, 6 

  and/or 9 month clinic visit (n=5)

Missing BAL samples (n=23)

CLAD developed between 3 and 

  4 years post transplant (n=6)

Death between 3 and 4 years post

  transplant (n=3)

FIGURE 1 a) Flow chart depicting inclusion and exclusion of lung allograft donors and recipients in this retrospective cohort study. b) Selection of
patients for analysis of bronchoalveolar lavage (BAL) samples. c) Selection of patients for analysis of transbronchial biopsy (TBBx) samples. SNP:
single nucleotide polymorphism; TLTP: Toronto Lung Transplant Program; sHLA-G: soluble human leukocyte antigen-G; CLAD: chronic lung
allograft dysfunction; ISHLT: International Society for Heart and Lung Transplantation.
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Laboratory analyses
Details of SNP analysis, HLA-G ELISA, PCR and immunofluorescence are in the supplementary material.

Statistical analysis
Recipient and donor genotypes were analysed according to recessive effect, dominant effect, allele effect
and pairing effects to examine associations with death or CLAD (details can be found in the
supplementary material). A Cox proportional hazards model was used to evaluate the association between
genotype and mortality, adjusted for cytomegalovirus (CMV) status. Both the Cox model (censoring
patients at death or CLAD onset) and the Fine and Gray model (treating death as a competing risk for
CLAD) were used. BAL sHLA-G concentrations in individual patients over time were analysed as a
time-dependent covariate for CLAD using a Cox proportional hazards model adjusted for CMV status. We
also ran an analysis in which missing BAL sHLA-G concentrations were interpolated with the average of
other observed values, because they tended to be stable over time. All statistical analyses were performed
using R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Recipient and donor characteristics and outcomes
Recipient and donor demographics are shown in table 1. Mean recipient and donor ages were 50±14 and
47±17 years, respectively. Median follow-up time was 4.75 years (range 0.01–9.13 years). The median
overall survival time was 6.37 years and at last follow-up 170 (49%) had died (supplementary figure S1).
The median CLAD-free survival time was 5.65 years and 142 (43%) patients had CLAD at the end of the
study (supplementary figure S2). These data compare favourably with the ISHLT Registry [1].

TABLE 1 Recipient, donor and pre-transplant characteristics of the study cohort

Characteristics Subjects n

Recipient characteristics 345
Age at transplant years 50±14
Male sex 193 (56)
Primary diagnosis
COPD 107 (31)
Cystic fibrosis 79 (23)
Interstitial lung disease 105 (30)
Pulmonary vascular disease 16 (5)
Other# 38 (11)

Donor characteristics 297
Age of donor years 47±17
Male sex 143 (48)
Cause of death
Non-heart beating/DCD 26 (9)

Pre-transplant characteristics 345
CMV match status
Donor −, Recipient − 80 (23)
Donor −, Recipient + 98 (28)
Donor +, Recipient − 89 (26)
Donor +, Recipient + 78 (23)

PRA status + DSA status 345
PRA 0, DSA 0 143 (41)
PRA +, DSA 0 65 (19)
PRA +, DSA + 43 (12)
PRA NA, DSA NA 94 (27)

HLA DQ mismatch 212
No mismatch 25 (12)
1 Mismatch 27 (13)
2 Mismatch 160 (76)

Acute cellular rejection (ISHLT grade A1 or greater at any time) 253 176 (70)

Data are presented as n (%) or mean±SD, unless otherwise indicated. COPD: chronic obstructive pulmonary
disease; DCD: donor after cardiac death; CMV: cytomegalovirus; PRA: panel-reactive antibodies; DSA:
donor-specific antibody; NA: not applicable; HLA: human leukocyte antigen; ISHLT: International Society
for Heart and Lung Transplantation. #: bronchiolitis obliterans, bronchiectasis, bronchioloalveolar
carcinoma, lymphangioleiomyomatosis, Langerhans cell histiocytosis.
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Donor and recipient HLA-G SNPs
Recipient and donor allele frequencies for the investigated polymorphisms are shown in supplementary
table S1. With the exception of SNP +3196, all donor and recipient SNP allele frequencies were in Hardy–
Weinberg equilibrium. A total of 297 donor–recipient pairs (86%) were available for analysis.

Donor HLA-G SNPs modify the risk of death after LT
Clinical variables known to influence post-lung transplant mortality and CLAD were tested in univariate
analyses (supplementary tables S2 and S3). Primary CMV mismatch (donor positive/recipient negative)
was the only significant variable and was therefore included in the multivariate analysis. Donor SNP
+3142(GG or CG) allele was identified as a risk factor for mortality (hazard ratio (HR) 1.78, 95% CI 1.12–2.84,
p=0.015; table 2 and figure 2a). Additionally, five donor SNPs conferred decreased mortality risk (table 2).
We also identified SNP +3142(GG) allele as a risk factor for reduced CLAD-free survival (HR 1.37, 95%
CI 1.01–1.86, p=0.042; figure 2b and supplementary tables S4–S6). We did not observe any significant
effects when death was treated as a competing risk for CLAD (supplementary tables S7–S9). Finally, we
did not find any statistically significant associations between recipient HLA-G SNPs and CLAD or survival
in this cohort (not shown). These observations indicate that donor genetic variants in HLA-G can modify
long-term outcome after LT.

Specific donor and recipient HLA-G SNP pairings reduce the risk of CLAD after LT
We next examined the influence of HLA-G SNPs on CLAD development. We adjusted the multivariate
analysis for primary CMV mismatch. Donor–recipient pairing at SNP -201(CC-CT alleles) and donor–
recipient pairing at SNP -716(GT-TT alleles) both independently conferred a reduced risk for CLAD (HR
0.45, 95% CI 0.21–0.95, p=0.036; table 3). These observations reveal that while donor HLA-G SNPs
modified the risk of mortality after LT, the risk of CLAD is mitigated by specific donor–recipient HLA-G
SNP pairings.

Higher sHLA-G levels in BAL fluid are associated with an increased risk of CLAD
We observed higher sHLA-G concentrations in the BAL supernatants of patients who had CLAD within
3 years compared with patients who did not develop CLAD by 4 years (figure 3a–c). Concentrations of
sHLA-G in BAL fluid decreased over time in the latter group compared to the CLAD patients, with
differences becoming more pronounced at 6 and 9 months post transplant (p=0.05 and p=0.03).
Considering sHLA-G in the BAL fluid as a time-dependent variable, we found that higher concentrations
were associated with increased CLAD risk, even after adjustment for CMV status (HR 1.21 for every 10
international units per mL, p=0.03; table 4).

We quantified HLA-G transcripts in cell pellets from the same BAL samples. These did not have any
bearing on CLAD either when considered at each time point (figure 3d–f ) or when treated as a
time-dependent risk factor (data not shown). Moreover, we found no association between HLA-G
transcript abundance and sHLA-G protein in the same sample (figure 3g). In this small subset of patients,
these observations suggest that sHLA-G protein concentrations in BAL fluid are not directly related to the
level of HLA-G gene transcription in BAL cells, but that higher levels may be associated with an increased
risk of subsequent CLAD.

TABLE 2 Multivariable analysis for time to death

Variable Hazard ratio (95% CI) p-value R2-value

SNP 3142 (donor) (GG+CG versus CC) 1.78 (1.12–2.84) 0.015 0.049
(GG versus CG+CC) 1.49 (1.06–2.10) 0.021 0.044
(GG versus CC) 2.12 (1.27–3.53) 0.004 0.057

SNP 201 (donor) (CC versus CT+TT) 0.63 (0.41–0.96) 0.032 0.044
(CC versus TT) 0.58 (0.35–0.95) 0.032 0.045

SNP 716 (donor) (TT versus GT+GG) 0.63 (0.41–0.96) 0.032 0.044
(TT versus GG) 0.58 (0.35–0.95) 0.032 0.045

SNP 56 (donor) (CC versus CT+TT) 0.53 (0.32–0.90) 0.017 0.043
G*01:03 (donor) (AA versus AT+TT) 0.57 (0.34–0.96) 0.034 0.041
14BP INDEL (donor) (DEL versus INDEL+INS) 0.67 (0.46–0.97) 0.032 0.044

Adjusted for cytomegalovirus status. SNP: single nucleotide polymorphism.
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Allograft epithelium exhibits greater HLA-G expression than allograft leukocytes
We examined HLA-G expression on donor- and recipient-derived cells in the allograft. In contrast to
BRUGIERE et al. [8], we did not observe differences in HLA-G staining between patients with and without
CLAD (data not shown) in this small subset. However, we noted much stronger HLA-G staining on
epithelium than on leukocytes in the same biopsy (figure 4a–c), suggesting that donor-derived HLA-G
expression continues post transplant and likely represents the major source of HLA-G in the lung allograft.
Additionally, biopsies from recipients whose donors had the CC genotype at SNP +3142 exhibited a
higher HLA-G staining intensity than biopsies from recipients whose donors had the CG or GG genotype
(p=0.04; figure 4d), consistent with our observation that donor SNP +3142(CC) genotype is protective
against mortality following LT.

Discussion
HLA-G expression is dictated by genetic and environmental factors [7], and a better understanding of
these determinants will help us comprehend HLA-G’s influence on allograft outcomes. Our data suggest
that donor HLA-G polymorphisms are associated with a stronger influence on LT outcome than recipient
ones. However, specific donor–recipient SNP pairings modulated CLAD risk. Previous studies have shown
that the G allele of SNP +3142 is associated with lower HLA-G production, due to enhanced targeting by
microRNAs [21]. Expression of HLA-G molecules by allograft epithelium is under the control of the
donor HLA-G genotype, and in a small sample of biopsies we observed absent to low HLA-G expression
on allograft epithelium in the presence of a donor CG or GG genotype at SNP +3142. Therefore, our
observations suggest that this genotype reduces the resistance of donor tissue to alloimmune attack (figure
2). Investigations on SNP -56(CC) and allele G*01:03(AA) are limited [7, 13] and ours is the first report

1.00

a) b)

0.75

0.50

S
u

rv
iv

a
l 

p
ro

b
a

b
il

it
y

0.25

0.00

p=0.0064 p=0.028

1.00

0.75

0.50

C
L

A
D

-f
re

e
 s

u
rv

iv
a

l 
p

ro
b

a
b

il
it

y

0.25

0.00

0 1 2 3

Time after LT years

Number at risk

GG+CG 236

63

197

56

180

53

153

52

137

49

95

31

69

21

36

15

20

8

3

1

0

0

82

203

60

168

46

139

36

120

30

102

15

62

14

31

8

20

5

6

0

1

0

0CC

GG

CG+CC

Number at risk

4 5 6 7 8 9 10 0 1 2 3

Time after LT years

4 5 6 7 8 9 10

RS1063320 GG+CG CC RS1063320 GG CG+CC

FIGURE 2 a) Kaplan–Meier curves depicting the probability of survival of lung transplantation (LT) recipients according to donor RS1063320 (single
nucleotide polymorphism (SNP) +3142) genotype. Blue line: donor CC allele; red line: donor GG or CG alleles for SNP +3142. Lung donor GG or
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probability compared with donor CC genotype (p=0.028).

TABLE 3 Multivariable analysis for time to chronic lung allograft dysfunction

Variable Hazard ratio (95% CI) p-value R2-value

SNP 201 (donor–recipient) CC-CT combination 0.45 (0.21–0.95) 0.036 0.037
SNP 716 (donor–recipient) GT-TT combination 0.45 (0.21–0.95) 0.036 0.037

Adjusted for cytomegalovirus status. SNP: single nucleotide polymorphism.
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associating them with a protective effect when expressed in donor cells. Lastly, DEL allele in the 14 bp
INDEL polymorphism has been widely studied [7]. We found that this allele was associated with increased
HLA-G expression and protection against acute cardiac allograft rejection [22]. Our observation that DEL
alleles at 14 bp INDEL confer a reduced risk for mortality after LT is also in keeping with this finding.

Donor–recipient pairing (CC-CC) at SNP -201 was associated with cardiac allograft vasculopathy in our
heart transplant cohort [17]. SNP -201 is close to a regulatory factor binding site that alters HLA-G
transcription [17, 23]. Whereas SNP -201(CC) was associated with a poor outcome after heart
transplantation, it has an opposite effect in LT (tables 2 and 3). This is not the first time that one HLA-G
allele has been associated with opposite outcomes in different settings, suggesting distinct underlying
mechanisms of protection conferred by HLA-G in different contexts [24]. Whereas cardiac allografts are
fully contained within the thorax, transplanted lungs are exposed via the airways to inflammatory stimuli
[3, 25]. Thus, we speculate that there could be an interaction between the environment and donor SNP
-201 that alters its relationship to graft outcome. Finally, SNP -716 C allele has been linked with lower
HLA-G expression [15], and we found that the T allele at this locus in the donor confers reduced
mortality and CLAD risk. This observation further supports the notion that donor HLA-G expression is a
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determinant of outcome after LT. Given these observations, it is not surprising that we detected significant
levels of HLA-G expression in otherwise quiescent lung allograft tissue (figure 4a–c). Taken together, our
findings indicate that donor SNPs which have, in other contexts, been associated with higher levels of
HLA-G expression are associated with reduced mortality after LT.

Our data implicate HLA-G expression by donor tissue as a modulator of long-term outcome. Surprisingly,
although it is known that allograft parenchymal cells express HLA-G, previous analyses have been restricted
to recipient genotypes [15, 26] and thus the role of the donor HLA-G genotype was unknown [7].
Our previous heart transplant study was the first to examine donor and recipient HLA-G SNPs, revealing
that specific combinations of donor and recipient alleles influenced outcome [17]. Our current findings
corroborate and support this notion in LT.
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FIGURE 4 Predominantly epithelial human leukocyte antigen-G (HLA-G) expression in transbronchial biopsies (TBBx) without evidence of rejection
(n=22 patients). a, b) Paraffin-embedded placenta or TBBx samples were stained with DAPI (blue) and antibodies to HLA-G (white) and either
a) CD45 (red) or b) pan-cytokeratin (PanCK) (red). Placental tissue stained for HLA-G (positive control) and CD45 is shown on the left of a. HLA-G
staining was graded from 0 (absent) to 2 (strongly expressed) on leukocytes (CD45+) and epithelial cells (PanCK+). Scale bars represent 50 μm.
c) HLA-G expression was higher in epithelial cells than leukocytes in the same TBBx sample (n=22). Wilcoxon matched pairs test p<0.0001.
d) Epithelial staining intensity according to donor single nucleotide polymorphism (SNP) +3142 genotype (CC (n=3) versus CG/GG (n=16); donor
genotype was unavailable for three). Mann–Whitney test p=0.04. For c and d, each data point represents the mean value of 10 fields selected
randomly using the DAPI channel.

TABLE 4 Multivariable analysis of HLA-G as time-dependent variable for time to chronic lung
allograft dysfunction

Variable Hazard ratio (95% CI) p-value

HLA-G BAL (every 10 units·mL−1)# 1.20 (1.01–1.43) 0.04
CMV (D+R−) 2.11 (0.96–4.64) 0.06

Multivariable analysis included the variable CMV status, which was significant in the univariate analysis.
HLA-G: human leukocyte antigen-G; BAL: bronchoalveolar lavage; CMV: cytomegalovirus; D: donor;
R: recipient. #: with imputation of missing values, hazard ratio 1.22 (95% CI 1.02–1.45; p=0.03).
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To examine how HLA-G expression in the graft might influence LT outcome, we measured HLA-G in
serial BAL supernatants and cell pellets, which demonstrated that higher levels of sHLA-G at 6 and
9 months post transplant were seen in patients with subsequent CLAD. In a similar vein, BURGIERE et al.
[16] observed higher serum concentrations of HLA-G at 12 months post transplant in patients who went
on to develop CLAD. In contrast, previous transplantation studies revealed that higher levels of sHLA-G in
serum conferred a reduced risk [11, 12]. However, WHITE et al. [14] also observed that elevated sHLA-G in
BAL fluid was associated with acute rejection and CLAD. BAL fluid contains many dead leukocytes and
epithelial cells [27], and because the release of sHLA-G is a post-translational process that may not directly
reflect the level of gene transcription [5], we speculate that increased sHLA-G in the BAL fluid is a reactive
process that portends a detrimental long-term outcome. In keeping with this assertion, HLA-G gene
expression in BAL cell pellets bore no relationship to sHLA-G in the same sample, nor did it impact on
long-term graft outcome. It is important to note, however, that sHLA-G may exert important
immunomodulatory effects in other compartments and contexts [8, 15].

In TBBx without evidence of rejection, we found that HLA-G expression was stronger in epithelial cells
(donor-derived) than in leukocytes (recipient-derived) in the same biopsy. These observations imply that
HLA-G expression is strongest in donor-derived cells, supporting our finding that donor HLA-G SNPs
influence LT outcome. Additionally, donor SNP +3142(CC) allele was associated with higher epithelial
HLA-G expression in the small subset we examined, and was also associated with reduced mortality. We
speculate that donor HLA-G SNPs control allograft epithelial HLA-G expression and that this is a
mechanism through which HLA-G influences LT outcome [7]. It seems likely that HLA-G SNPs are of
varying importance in different contexts [22, 24], which may help to explain why the same SNPs had
different impacts in cardiac [17] (no epithelial cells) and lung (many epithelial cells) allografts. Graft
chimerism, in which donor and recipient epithelial cells co-populate the lung allograft, may add an
additional layer of complexity to this analysis [28]. It should be noted, however, that recipient epithelial
chimerism in human lung allografts has been reported at less than 10% [29, 30]. The summative
expression of HLA-G by donor and recipient cells at appropriate sites and times is likely to determine its
overall impact [7]. Our study reveals that ignoring donor HLA-G SNPs disregards an important factor
altering the expression of this molecule in LT.

Our study has important limitations. Panel-reactive antibody and HLA antibody data were missing prior
to 2008, restricting our ability to assess the full impact of pre-transplant sensitisation on this cohort.
Further, our BAL and TBBx samples were limited, meaning that analysis of these specimens may have
been underpowered. Some limitations of our prior heart transplant study [17] also apply here. For
instance, the available HLA-G ELISA kit only detects two of the seven known HLA-G isoforms [13]; it
also cannot discern different HLA-G multimers, which is an important concern given that dimers more
powerfully regulate inflammation than monomers [31]. Elevations in serum sHLA-G seem to be protective
[22], whereas our results and those of WHITE et al. [14] indicate that elevations in BAL sHLA-G are
deleterious. Unfortunately, we did not have access to serum samples from this cohort.

We did not have adequate power to analyse the effects of HLA-G haplotypes [32]. DI CRISTOFARO et al.
[15] found that recipient haplotype UTR-3 was a risk factor for CLAD and was associated with lower
serum sHLA-G in LT recipients. Further, HLA-G SNPs may act indirectly via linkage disequilibrium with
other HLA polymorphisms [33, 34], which may themselves modify the risk of allograft rejection.
Moreover, a recent report has explored polymorphisms in HLA-G, LILRB1/2 and KIR2DL4 genes and
how SNPs in these genes affected susceptibility to and severity of endometriosis [35]. This area merits
further study in solid organ transplantation.

With further validation, our results have important implications for LT. We recently demonstrated the
feasibility of avoiding high-risk HLA mismatches in heart and lung recipients to prevent the development
of de novo donor-specific antibody formation [36]. One could envision a similar approach to promote
favourable HLA-G pairing between donors and recipients, although this strategy would not be applicable
in the short term. Future research should also focus on establishing the mechanisms that link HLA-G
SNPs with HLA-G expression in the allograft, because such approaches may uncover important
therapeutic strategies for those with unfavourable HLA-G donor or recipient SNPs. Our findings add to
the growing body of research on HLA-G and highlight the novel role of the donor HLA-G genotype in
post-LT outcome.
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