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Unravelling the intricacies of the human leukocyte antigen (HLA) system has been fundamental to our
understanding of the immunobiological discrimination of self from non-self. In the context of solid organ
transplantation, the allo-immune response is predominantly driven by a varying but inevitable degree of
HLA mismatch (classically HLA class I and II molecules) between donor organs and the recipient host. In
general, donor–recipient HLA mismatching tends to be maximal for solid organs where prospective HLA
matching is not possible due to logistic reasons. This is true for lung transplantation, although rapid
screening cellular and antigenic assays at the time of transplantation and thereafter can help detect,
mitigate and manage the risks associated with donor-specific antibody production in the recipient. More
recently, the newly developed epitope analysis is a significant step forward for ever finer precision
deciphering of immunogenic mismatch-driven donor-specific HLA antibody production (DSA) [1] and
graft and recipient outcomes [2].

The HLA-G molecule is a non-classical HLA molecule that is involved in the general down-regulation of
the immune response. Its function is modulated by its expression level: modified by single nucleotide
polymorphisms (SNPs) with overall polymorphism levels generally much lower than for classical HLA
molecules, and membranous or soluble isoforms resulting from alternative splicing. Its role has been
documented in the common miracle of pregnancy tolerance and increasingly in the therapeutic miracle of
solid organ transplantation [3, 4]. Indeed, expression levels [5] or certain haplotypes [6] have been
associated with differential graft outcome. However, there is still a lot of controversy regarding its role and
impact in the context of lung transplantation as increased expression in tissue and higher systemic levels
of HLA-G have been associated with better outcomes, while lower levels in the bronchoalveolar lavage
(BAL) are associated with an increased risk of chronic lung allograft dysfunction (CLAD).

In an impressive lung transplant cohort published in this issue of the European Respiratory Journal,
LAZARTE et al. [7] used a holistic, multi-dimensional approach incorporating clinical measures: blood, lung
biopsy and BAL sampling; and DNA, mRNA and protein assessments using quantitative PCR,
immunofluorescence and ELISA assays, respectively, for HLA-G to demonstrate a significant association
between certain HLA-G SNP alleles with differential graft outcomes; most likely driven by the level of
HLA-G expression in the allograft epithelium.

More specifically, multivariable analysis revealed donor SNP+3142 was associated with increased mortality,
whereas five donor HLA-G SNP alleles were associated with reduced all-cause mortality and two donor
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recipient paired HLA-G SNPs were associated with CLAD-free survival. Rejection-free patients also had
increased HLA-G expression in the airway epithelium compared to the leukocytes on the same biopsy.

In the BAL compartment, more counter-intuitive results show that soluble HLA-G was higher in patients
who will later develop CLAD, but no association between HLA-G transcripts in the BAL and CLAD was
observed.

Although these results are very intriguing and suggest an important role of HLA-G in post-transplant
CLAD development and mortality, there are several key questions that remain to be answered before we
can meaningfully incorporate these test assays into routine clinical practice decision-making. First, and as
pointed out by the authors, the technical approaches used in this report only explore a part of the HLA-G
system (two isoforms among seven; only monomeric and not polymeric forms). Secondly, the likely
interaction of specific HLA-G SNPs with both certain classical HLA alleles and HLA mismatch scenarios
was not within the scope of this analysis and this, as well as a deeper analysis incorporating acute
(humoral or cellular) rejection episodes and specific DSA level dynamics over time and in different
immunosuppression contexts, may reveal important links between certain HLA-G polymorphisms and
currently used monitoring tools. Thirdly, better delineating the strength or otherwise of any specific
HLA-G SNPs, their expression or protein levels with currently used diagnostic measures of allograft
rejection risk may further explain the mortality and CLAD-free survival differences observed in this report
and therefore increase the utility and acceptance of the findings presented. Indeed, the development and
persistence of DSA is one of the most important risk factors for antibody-mediated rejection and chronic
lung allograft dysfunction [8, 9] and there is already evidence suggesting that the presence of anti-HLA
antibodies is associated with graft HLA-G expression [5].

Despite the limitations outlined above, these results remain interesting enough to suggest that donor
recipient HLA-G matching may be a potentially useful approach for improving graft outcomes in the
future. The enthusiasm of any such suggestion, however, should be tempered given the likely logistic
constraints involved in going down such a path. Even if the impact of HLA-G SNP analysis on moderately
increasing the risk of poor graft outcomes is confirmed in further prospective, multicentre studies, one
should consider the counter-position of any such strategy. In particular, such a matching strategy, possibly
in addition with DQ matching where the body of evidence is relatively stronger [10], could significantly
delay access to donor grafts and therefore increase mortality on the transplant waiting list.

An intriguing finding in the context of heart and lung transplantation is the observed opposite effects of
HLA-G donor–recipient matching regarding transplant outcomes of these two thoracic organs when
assessed separately. Indeed, donor recipient pairing at SNP-201 was associated with a poor outcome after
heart transplantation [11], but a positive outcome in lung transplantation, which the authors largely
attributed to “environmental” differences as the lung allograft was more intimately connected to the
external environment making it more prone to colonisation and/or infection. It would therefore be
interesting in subsequent studies to compare the rate of colonisation and infection according to the donor
and recipient HLA-G genotype in lung transplantation; this could provide further evidence for an
important role of HLA-G in lung transplant patients, as microbial infection with bacteria (Pseudomonas
aeruginosa) [12], respiratory viruses [13] or fungi (Aspergillus fumigatus) [14] are established risk factors
for poorer long-term outcomes in these patients.

Further evidence of the mechanistic pathways involving HLA-G in the cascade from lung transplantation
to CLAD and mortality are desperately needed, especially given the aforementioned discrepancy of HLA-G
matching and likely specific function in heart and lung transplantation. With this in mind, DUPIN et al.
[15] have already demonstrated that the inhibition of T-cell alloreactivity in the bronchial epithelium is
impaired via pathways that are restored by neutralisation of HLA-G. Moreover, a correlation between
increased BAL transforming growth factor (TGF)-B levels and plasma soluble HLA-G expression has been
demonstrated [5], with TGF-B being the classical pro-fibrotic growth factor which can induce epithelial to
mesenchymal [16], but also mesothelial to mesenchymal transition [17], which is also implicated in
pulmonary fibrosis [18].

This study has to be complimented for putting the donor back to in the equation when considering
development of CLAD and long-term patient outcome, and for providing further evidence that some
donors and recipients are more prone to poorer post-transplant outcomes. Indeed, there are few studies
that focus on donor parameters influencing long-term outcome, as most studies solely focus on recipient
characteristics. The fact that donor organ specifics are most often forgotten can be partly explained by the
fact that most studies investigating the association between extended criteria donors and recipient
outcomes fail to detect meaningful long-term differences [19, 20]. More recently, however, there is
evidence that donor DR15 and DR7 expression have been associated with CLAD susceptibility [21], while
shorter donor lung telomere length has also been associated with increased risk of CLAD [22].
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This study therefore further leverages the growing evidence base that donor genetics should always be
considered as an important factor in long term graft outcomes as, at the very least, they are likely to
modulate the alloimmune response and graft wound healing process. Here, LAZARTE et al. [7] did focus on
HLA-G SNPs, but there are many more polymorphisms to be considered for both immune system and
tissue repair modulation [23]. Arguably, newer technological approaches for genome-wide analysis,
bioinformatic assessment and machine learning algorithms [24], integrated with expanding horizons of
seeing and thinking [25], may lead to an increasingly accurate global equation for predicting long term
graft outcomes in the future. Finally, and more broadly, any deeper understanding that we can gain of the
specific role of HLA-G in determining lung transplantation outcomes may one day be able to be
extrapolated back to a much wider array of immunological and infectious disease disorders in general, and
in respiratory medicine in particular, with a potentially much greater impact on population health.
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