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Specific Donor HLA-DR Types Correlate With
Altered Susceptibility to Development of
Chronic Lung Allograft Dysfunction
Lynn D. Haynes, MS,1 Walker A. Julliard, MD,1 Joshua D. Mezrich, MD,1 Glen Leverson, PhD,1

Keith C. Meyer, MD,2 and William J. Burlingham, PhD1
Background. The greatest challenge to long-term graft survival is the development of chronic lung allograft dysfunction. Th17
responses to collagen type V (colV) predispose lung transplant patients to the severe obstructive form of chronic lung allograft dys-
function, known as bronchiolitis obliterans syndrome (BOS). In a previous study cohort (n = 54), pretransplant colV responses were
increased in recipients expressing HLA-DR15, consistent with the high binding avidity of colV (α1) peptides for HLA-DR15,
whereas BOS incidence, which was known to be strongly associated with posttransplant autoimmunity to colV, was higher in pa-
tients who themselves lackedHLA-DR15, but whose lung donor expressed it.Methods.To determine if this DR-restricted effect
on BOS incidence could be validated in a larger cohort, we performed a retrospective analysis of outcomes for 351 lung transplant
recipients transplanted between 1988 and 2008 at the University of Wisconsin. All subjects were followed until graft loss, death,
loss to follow-up, or through 2014, with an average follow-up of 7 years. Comparisons weremade between recipients who did or did
not develop BOS. Grading of BOS followed the recommendations of the international society for heart and lung transplantation.
Results. Donor HLA-DR15 was indeed associated with increased susceptibility to severe BOS in this population. We also dis-
covered that HLA-DR7 expression by the donor or HLA-DR17 expression by the recipient decreased susceptibility.Conclusions.

We show in this retrospective study that specific donor HLA class II types are important in lung transplantation, because they are as-
sociated with either protection from or susceptibility to development of severe BOS.

(Transplantation 2018;102: 1132–1138)
Immunologic tolerance, whereby the alloantigens of the
transplant donor trigger anergy, regulation, or clonal dele-

tion in host Tand B lymphocytes is the ultimate goal in organ
transplantation. In addition, because lung transplants tend
to de-stabilize normal “self” tolerance, caremust also be taken
to restrict Th17-based autoimmunity.1-3 Early events, such as
surgical complications or infection, can occur and threaten re-
cipient survival; but the greatest challenge to long-term graft
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survival is the development of chronic lung allograft dysfunc-
tion (CLAD).4,5 CLAD usually manifests itself as obstructive
bronchiolitis obliterans syndrome (BOS) but may also take
the form of restrictive allograft syndrome.6,7 Classical
alloreactivitity may not be the sole driver for the develop-
ment of BOS,8 but other mechanisms, such as autoimmune
response, may be involved.9 Besides being a risk factor for
BOS, development of an autoimmune response to collagen
type V (colV) was occasionally observed before transplantation
andwas a significant risk factor for primary graft dysfunction.10

Importantly, analysis of patientswith immune responses to colV
before transplant revealed that colV responders were more
likely to express HLA-DR15,11 suggesting that some DR types
might be more autoimmunogenic for colV. After transplanta-
tion, colV responders were more likely to express HLA-DR1
or -DR17 (although despite this, the latter became highly
BOS-resistant). Remarkably, the donors of those lung trans-
plant patients who became responsive to colV and developed
BOS were more likely to express HLA-DR15.11 In line with
the influence of the lung donor’s HLA-DR on the recipient’s
autoimmune responsiveness, one HLA-DR15neg patient re-
sponded to a peptide presented by donor-type HLA-DR15.11

Based on these preliminary data in the relatively small sample
tested (n = 54), we examined the relationship of specific
HLA-DR antigens to the incidence and severity of CLAD/
BOS in a large cohort (n = 351) of lung transplant recipients
transplanted at the UW Madison.
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TABLE 1.

Patient and donor demographics

Demographic Donor Recipient

Age: mean (Std dev), y 31.7 (±12.9) 49.8 (±12.4)
Sex: male, n (%) 226 (64.4%) 222 (63.2%)
Lung allocation score (LAS; ± Std dev) 38.4 (±10.5)
O2 requirement at Tx (± Std dev) 3.5 l (±2.1)
Race

White 223 (84%) 337 (96%)
African American 16 (6%) 7 (2%)
Hispanic Unknown 4 (1%)
Other 25 (9%) 3 (1%)
Unknown 87 —

Primary lung diseases
COPD 128 (36%)
CF 67 (19%)
IPF 66 (19%)
AAD 42 (12%)
All other diseases 48 (14%)

ASAD, alpha-1 antitrypsin deficiency; CF, cystic fibrosis; COPD, chronic obstructive pulmonary dis-
ease; IPF, idiopathic pulmonary fibrosis; AAD, alpha-1 anti-trypsin deficiency.
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MATERIALS AND METHODS

Patient Population
The study population consisted of all primary lung allograft

recipients who underwent transplantation at the University of
Wisconsin Hospital and Clinics from the time of program in-
ception (1988) through December 31, 2008. Recipients with
graft survival less than 40 days or lost to follow-up less than
100 days posttransplant were excluded. Retrospective demo-
graphic and outcomes data from 351 recipients were collected
via medical record review using University of Wisconsin Insti-
tutional Review Board–approved protocol M-2012-0062.
Recipients were followed until graft loss (defined as re-
transplantation or patient death), date of last follow-up if lost
to follow-up, or December 31, 2014; thereby allowing for the
potential of at least 6 years of follow-up for each recipient.

Comparisons were made between recipients who did or
did not develop BOS. Grading of BOS followed the Interna-
tional Society of Heart & Lung Transplantation (ISHLT) rec-
ommendations4,12 where BOS stage 1 (BOS 1) is defined as a
persistent decline in forced expiratory volume in 1 second
(FEV1) to between 66 and 80% of maximum posttransplant
FEV1 and ≥ BOS stage 2 (BOS ≥ 2) represents a drop to less
than 65%of themaximum FEV1 posttransplant value without
evidence of other causes of FEV1 decline. We did not differenti-
ate patients with restrictive allograft syndrome from those
with an obstructive BOS pattern. Patients with graft loss
without BOS or those who died with a functioning organ
were censored at the time of graft loss and/or death. Lung al-
location score (LAS) was calculated at the time of transplant.
For patients transplanted between 1999 and 2005 (before the
institution of LAS), an estimated LAS was determined using
data from the medical records. No LAS estimates were made
for patients transplanted before 1999.

Statistics
Comparisons among groups were performed using the

Cox proportional hazard model and life-test Kaplan-Meier
(KM) analysis (Breslow). Comparison of demographics among
groups were performed using either ANOVA orχ2 analysis. To
look for synergy or additive effects of particular HLA-DR an-
tigens on overall DRmatch/mismatch (MM) effect, we created
an interactive term before running the Cox proportional haz-
ard model and Kaplan-Meier (KM) analysis. We did not ad-
just for multiple comparisons. To exclude the influence of
graft losses within the first year, some data were analyzed only
on subjects that experienced graft survival, free of BOS 2 for
more than 1 year.

RESULTS

Patient Demographics
A total of 351 patients met the criteria for inclusion in the

analysis, receiving a primary lung transplant at the University
of Wisconsin Hospital and Clinics between 1988 and
December 31, 2008, with at least 40 days of survival and
100 days of potential follow-up.

The majority of lung transplant recipients were male
(Table 1) and white (96%). A majority had received a
transplant from an HLA-DR completely MM donor
(n = 193 [55%] 2 DR MM), the remaining 45% (n=154),
had an HLA-DR partly or fully matched donor with a DR0
or 1 MM. The majority of the transplants were single lung
Copyright © 2018 Wolters Kluwer H
(n = 217, 62%) versus bilateral lungs. The 4 major end-
stage lung diseases were chronic obstructive pulmonary
disease, cystic fibrosis, idiopathic pulmonary fibrosis and
alpha-1 antitrypsin deficiency (Table 1).

Factors Influencing CLAD/BOS Development
A primary factor limiting long-term lung transplant sur-

vival is the development of CLAD. CLAD is defined as a
sustained drop in the FEV1 from the posttransplant maxi-
mum that cannot be attributed to other causes, such as infec-
tion or anastomosis dysfunction. The predominant subset of
CLAD is obstructive BOS.5 Determination of levels of BOS
was based on the criteria described in Methods and adhered
strictly to the recommendations from the ISHLT.4 In our pa-
tient population, slightly more than half of the subjects (179,
51%, Table 2) were diagnosed with BOS 1. The majority
(n=136, 76%)of patientswithBOS1progressed toBOS≥2.
Potential risk factors for BOS were first analyzed singly, and
those which were either significant, or trending toward sig-
nificance (P < 0.2), were further explored in a multivariable
analysis using the Cox proportional hazards model.

Recipient age, LAS, O2 requirement at transplant, donor
age, donor sex, donor DR types 1, 4, 11, or 17, recipient
DR types 1, 4, 7, 11, or 15 were found to be neither signifi-
cant (P < 0.05) or trending toward (P < 0.2) significance. In
contrast, transplant type, and certain HLA-DR types of do-
nor (DR7 and 15) and recipient (DR17)were significantly as-
sociated with development of BOS 1 (Table 2). Recipient sex
(female) and HLA-DR MM (2 DR MM) trended toward
significance for BOS 1. In multivariate analysis (including
all variables with P < 0.2 in univariate analysis, that is,
recipient sex, single vs bilateral transplant, HLA-DR MM
(0/1 vs 2MM), donor DR7, donor DR13, donor DR15, or
recipient DR17), recipient sex, transplant type and HLA-DR
MM all were significantly associated with development of
BOS 1 (Table 2). Similar results were seen in risk factors for
BOS ≥ 2; however, transplant type lost significance. This
seems to be due to the fact that although patients with a
ealth, Inc. All rights reserved.



TABLE 2.

Factors affecting BOS 1 or BOS ≥ 2

Total subjects, 351
At least BOS 1, 179 subjects (51%);
mean time to BOS 1, 3.9 ± 2.9 y

Progressed to BOS ≥ 2 136 of the 179 with BOS 1;
mean time to BOS ≥ 2, 4 ± 3.3 y

Univariate Multivariatea Univariate Multivariate

Risk factors HRb Pb HR P HR P HR P

Recipient sex (F) 1.32 0.06 1.46 0.02 1.17 0.06 1.47 0.03
Tx type (BLT vs SLT) 0.68 0.01 0.65 0.008 0.90 0.25 0.76 0.13
HLA-DR MM (0/1 vs 2) 0.78 0.11 0.68 0.012 0.73 0.08 0.63 0.01
Donor DR7 0.56 0.006 0.62 0.03 0.40 0.001 0.48 0.009
Donor DR13 1.28 0.13 1.31 0.11 1.36 0.09 1.40 0.08
Donor DR15 1.37 0.05 1.4 0.04 1.35 0.10 1.44 0.05
Recipient DR17 0.67 0.03 0.69 0.05 0.56 0.01 0.57 0.01
a Multivariate analysis included all variables in the table.
b HR and P values calculated using Cox proportional hazards model.
F, female.

FIGURE 1. Poor DR MM is associated with increased severe BOS.
Patients with higher degree of HLA-DRMM (2 DR antigen MM, black
line) experience severe BOS earlier than did individuals that received
lungs from a better HLA-DR matched donor (0 or 1 DR MM, green
line), P = 0.021. Numbers of subjects at risk at transplant (Tx), 1, 5,
10, and 15 years posttransplant is on the graphic.
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bilateral lung transplant develop BOS 1 more slowly than do
those with a single lung transplant, once they experience
BOS 1, they quickly developed BOS ≥ 2. Although the
patients were transplanted over a considerable period
(1988-2008), the majority were transplanted after 2001
(214 of the 351). To determine if there was an “era” effect,
we created variables for interaction effect of era (transplantation
before 2001 vs after 2001) and the variables included in the
previous multivariable analysis. We then reran the multivariable
analyses, including the era and the interaction effects. The
results suggested that there was no era effect.

Not Only HLA-DRMM, But Also HLA-DR15 in the Donor
Lung Increases Risk of CLAD/BOS

Superimposed on the degree of HLA-DR MM, whose as-
sociation with development of BOS was relatively weak
(P = .021, Figure 1), was the influence of particular
HLA-DR types. In the Cox analysis of the major donor
HLA-DR types in our Upper Midwest US population
(Table 2 and Table S1, SDC, http://links.lww.com/TP/
B526), we found that patients receiving a lung transplant
from a donor that expressed HLA-DR15, had a 40%
increased risk for BOS 1 (P = 0.04). The incidence of severe
BOS (≥2) for those receiving a DR15pos lung transplant was
similar in magnitude and statistical significance (KM P = 0.03,
Figure 2A). Note that little difference was seen in the incidence
of severe BOS for subjects who have or have not received
lungs expressing HLA-DR15 until 2 years posttransplant
(Figure 2A). However, beyond that time point, the rate of
development of severe BOS was significantly greater for the
subjects with a DR15pos donor.

To exclude the influence of early graft loss, the KM analy-
ses were performed on the subset of subjects with longer than
1 year survival. For most of the risk factors impacting the rate
of severe BOS 2, there was minimal effect of excluding the
early loss patients; however, the development of severe BOS
was significantly worse for those that received a DR15 pos

lung (P = 0.014).
The donor DR15 effect on BOS development became

clearer when lung transplants were divided according to
degree of HLA-DR MM. We created a combined variable
including both MM and a specific donor or recipient
HLA-DR expression, and used both Cox proportional hazard
Copyright © 2018 Wolters Kluwer
regression and KM analysis to evaluate their association with
development of severe BOS (≥2). The best outcomeswere seen
in patients that received a well matched, but DR15neg lung
(Figure 2B; blue line), and the worst outcomes in patients
that received a poorly matched, DR15pos lung (purple line,
Cox P = 0.012; hazard ratio [HR], 1.89 for DR15 pos, 2 DR
MM donors). Between these 2 extremes, the outcomes for
those with poor match (2 DR MM), but without DR15
and those with DR15pos donor, but better match (0 or
1 DR MM) were nearly identical.

HLA-DR7 in the Donor Lung Decreased the Risk
of CLAD/BOS Outcomes

An unexpected result of the analysis of donor DR types
was that recipients who received a HLA-DR7pos lung experi-
enced a dramatically lower incidence of BOSwhen compared
to those whose donors did not express DR7 (Table 2).
Although recipient DR7 was not associated with freedom
from BOS ≥ 2 (data not shown), the benefit of freedom
from BOS ≥ 2 for those receiving a lung from a donor
 Health, Inc. All rights reserved.
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FIGURE 2. Donor HLA-DR15 is a risk for BOS. Patients who re-
ceived lungs from a donor expressing HLA-DR15 were at higher risk
for developing BOS 1 (P = 0.02, data not shown) and severe BOS
(red dashed line, panel A, P = 0.03) than were those who received
lungs that did not express HLA-DR15 (black line). Patients were di-
vided into those that receivedwell matched (DRMMof 0 or 1) vs poorly
matched (2 DR MM) lungs where the donor did or did not express
DR15 (panel B). Here, the best outcomeswere in patients that received
well matched, but DR15neg lungs (solid blue line), and the worst out-
come was in patients that received poorly matched, DR15pos lungs
(dotted purple line). Cox proportional hazard, P = 0.012; HR, 1.89 for
DR15pos, 2 DR MM donors). Numbers of subjects at risk at Tx, 1, 5,
10 and 15 years posttransplant is on the graphic.

FIGURE 3. Donor HLA-DR7 is protective for BOS ≥ 2 and DR MM
plays an additive or synergistic role. Lung transplant recipients receiv-
ing a transplant from a donor expressing HLADR7 experienced
significantly less BOS (panel A, green dashed line) than those
recipients who received lungs from a donor that did not express
HLA-DR7 (black line, P = 0.006). Patients were divided by those that
received well matched (0 or 1 DR MM, solid lines) or poorly matched
(2DRMM, dashed lines) lungswhere the donor did or did not express
DR7 (panel B). Patients with the best match and DR7 expressing do-
nor (green line) experienced the best outcome, followed by those
with poor match, but DR7 expressing donor (purple line, P = 0.04),
then the better matched recipients where the donor did not express
DR7 (blue line, P = 0.006 compared to 0 or 1 MM DR7pos donors)
and finally the worst outcome was in the patients with poor match
and donor without DR7 (tan line). Numbers of subjects at risk at Tx,
1, 5, 10, and 15 years posttransplant is on the graphic.
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expressing HLA-DR7 was profound, and was evident in all
patients, regardless of degree of DR MM (Figure 3A, KM
P = 0.006). For example, in patients receiving a lung from a
HLA-DR7pos donor, those that received a 0 or 1 DR MM
lung experienced a lower incidence of severe BOS than did
those with a 2 DR MM (green vs purple lines, KM
P = 0.04), but those receiving a well matched (0 or 1 DR
MM) lung that also expressed DR7 experienced significantly
less severe BOS than did those with similar match grade, but
without DR7 (panel B, green vs blue; KM, P = 0.006; Cox
HR, 0.241). Even in the 2 DR MM recipients (purple line vs
tan line, P = 0.021; HR, 0.485), receiving a lung with a DR7
was still beneficial, with the recipients of a DR 2MM lung
expressing DR7 having equivalent BOS 2 timelines through
year 5 to those without a donor DR7 expressing lung, but a
better match. During the first 2 to 3 years posttransplant, the
survival curves for all subjects except the well matched
individuals with a DR7 donor were very similar. Long term,
the survival curves for those lucky enough to receive a DR7pos

donor lung were better, regardless of match, indicating that
Copyright © 2018 Wolters Kluwer H
receiving a DR7pos lung at our center outweighed HLA-DR
matching in promoting freedom from severe BOS.

On the recipient side, only one HLA-DR type (of the 7 ma-
jor DR alleles analyzed) was associated with freedom from
BOS. Confirming our previous study,11 individuals expressing
HLA-DR17 were less likely to experience BOS≥ 2 than were
those without DR17 (Table 2, P = 0.01). HLA-DR17pos

recipients experienced a considerably lower incidence of
BOS ≥ 2 than did those without HLA-DR17 (Figure 4A,
P = 0.003). As with the beneficial impact of combining good
HLA-DR match with donor DR7 expression, those patients
who are HLA-DR17 and receive a better DR matched lung have
superior BOS free survival than do those without DR17 who
received a poorly matched lung (Figure 4B, green vs tan line,
ealth, Inc. All rights reserved.



FIGURE 4. Recipient HLA-DR17 is protective for BOS ≥2 and DR
MM is additive or synergistic. Lung recipients expressing HLA-
DR17 (blue dashed line) were at a lower risk for BOS 1 (data not
shown) and severe BOS (≥2, panel A, P = 0.003) then were recipients
that did not express HLA-DR17 (black solid line). Patients were divided
by those that received well matched (DR MM of 0 or 1, solid lines) or
poorly matched (2DR MM, dashed lines) lungs where the recipient
did or did not express DR17 (panel B). DR17 expressing patients with
the best match (green line) experienced the best outcome, followed by
those with poor match (purple line, P = 0.04), then the recipients that
do not express HLA-DR17, but received better matched lungs (blue
line) and finally the worst outcome was in the HLA-DR17 negative pa-
tients with poormatch (tan line). Numbers of subjects at risk at Tx, 1, 5,
10 and 15 years posttransplant is on the graphic.

FIGURE 5. Donor DR7 protective benefit appears to be stronger
than donor DR15 susceptibility risk (panel A); whereas recipient
DR17 benefit from BOS ≥ 2 is only seen in patients that do not receive
a donor DR15pos lung (panel B). In panel A, lung transplant recipients
were divided into those that received a lung expressing both DR15
and DR7 (purple line), neither DR15, nor DR7 (blue line), DR15 without
DR7 (tan line) or DR7without DR15 (green line). In panel B, Lung trans-
plant recipients were divided into those that were themselves DR17
and received a DR15 expressing lung (purple line) or received a lung
that did not express DR15 (green line) vs those that are not DR17
and received a DR15 expressing lung (tan line) or received a lung that
did not express DR15 (blue line). Numbers of subjects at risk at trans-
plant (Tx), 1, 5, 10 and 15-years posttransplant is on the graphic.
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Cox; P = 0.01; HR, 0.396). Expression of the DR17 seemed to
be protective in those with a 0 or 1 DRMM lung (green line),
and those that received a 2 DR MM lung (purple line) as the
survival in these 2 groups were superior to those who did not
express HLA-DR17 (DR 0 or 1 MM, blue line and 2 DR
MM tan line). Even in the 2 DR MM patients, patients with
DR17 had significantly better protection from severe BOS
(P = 0.025; HR, 0.534) than did those without DR17.

Finally, we compared outcomes in patients who received a
lung from a donor expressing both DR15 (an allele which in-
creases risk of BOS) and DR7 (an allele which protects from
BOS). As shown in Figure 5, panel A, the outcome was better
in patientswho received a donorDR7pos lung (green and pur-
ple lines) even if that lung also expressed DR15 (purple line).
The worst outcome was again in patients who received a do-
nor DR15-expressing lung without DR7 as the other DR al-
lele (tan line). Interestingly, as shown in panel B, when the
Copyright © 2018 Wolters Kluwer
recipient expressed HLA-DR17, the BOS survival benefit
was only seen if the donor did not express DR15 (green line).
In all other cases, the outcomes were almost identical.

DISCUSSION
Summary: To see if the particular DR types mattered in

BOS risk or protection, the type and degree of HLA-DR
MM between recipient and donor at our center was studied
in detail. In a study of 351 lung transplant recipients and
their donors, in a population with limited ethnic heterogene-
ity, we have shown strong associations of 2 specific HLA-DR
types in the donor with susceptibility to (DR15) or freedom
from (DR7) severe BOS.We also confirmed a previous corre-
lation of low BOS incidence in recipients with HLA-DR17.11

Thus the DRMMeffect was superimposed on an underlying
risk/protection matrix imparted by specific HLA-DR types
expressed in the donor lung or in the recipient. An analysis
of the UNOS database of 7400 lung transplant recipients in
 Health, Inc. All rights reserved.
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the United States found that patients with an HLA-DR15+

donor had significantly more treatments for rejection in the
first year posttransplant.13 This finding, in a multicenter
study, is of great interest, because it supports the underlying
premise that not only recipient, but also donorHLA-DR type
can significantly impact lung transplant outcome. In contrast
to our findings; however, the same study found no impact of
donor DR type on development of BOS 1 or long-term graft
survival. There are several possible reasons for this discrep-
ancy with the present study: (1) Gracon et al. did not distin-
guish severe from early BOS grade 1, which does not
always progress to BOS 2 or 3; (2) the UNOS data set may
not have accurately captured many BOS events, whereas all
BOS events in our patient population were carefully diag-
nosed based on extensivemedical records review; and (3)mul-
ticenter studies are notably less accurate than single-center
studies at capturing HLA-class II effects on chronic autoim-
mune disease, due to the impact of polymorphisms within
the major histocompatibility complex of different ethnic
groups. In regard to the latter point, to the extent that the
BOS form of CLAD ismediated by chronic autoimmune reac-
tivity to antigens like collagen V2 and k-α1-tubulin,3 donor
and recipient populations that are relatively ethnically homo-
geneous at a single center (Table 1) are preferable to ethnically
diverse populations commingled in a multicenter HLA-DR
analysis. Given the degree to which lung transplant success
has been linked to control of Th17 autoimmunity, our results
indicate that donor, as well as recipient, HLA-class II re-
stricted self peptide recognition plays a key role in BOS.

In a recent elegant study by Wang et al,14 the investigators
cloned a CD8 Tcell and its receptor (TcR) from an HLA-A2-
negative, hepatitis C virus (HCV) positive liver transplant pa-
tient. This TcR recognized a specific HCV peptide presented,
not by recipient HLA class I, but only by the donor HLA-A2.
Through peptide binding, structural analysis and molecular
manipulation, they identified critical amino acids for TcR
binding on both the HLA-A2 and HCV peptide. This result
suggests that anHLA-A2 negative individual became capable
of supporting the development of a Tcell response to a peptide
presented by a NON-SELF, that is, donor HLA, presumably
to combat HCV infection. In the autoimmune-prone lung
transplant setting, the unusual donor-DR dependence of the
CLAD/BOS phenomenon seen in this large single-center study
raises the question: can allorestricted presentation of self pep-
tides select TcR in host CD4 T cells; for example, self peptides
from antigens such as colV2,15-17 and kα1-tubulin18 involved
in BOS, and differentially bound by various DR alleles?11,16,19

Opelz and collegues20 noted in a Eurotransplant database
study, evidence of HLA-restricted, rather than simple HLA
matching effects in lung transplant. Although this HLA-
restricted effect has not yet been localized to a specific innate
or adaptive T-cell type, there is considerable evidence that
T cells producing IL17 are responsible for CLAD/BOS in
humans2,21 as well as in mouse models.17,22 The critical
IL17 producer cell appears to be CD4+ in both mouse23

and humans.16 Therefore, it is conceivable that in lung trans-
plant recipients an allo-DR–restricted Th17 immune re-
sponse to self peptide might emerge.

How might a particular HLA-DR specificity on the donor
lung influence the susceptibility to BOS? One possibility is a
strictly “HLA-allo” effect, that is, direct allorecognition of
DR15 always induces a stronger alloimmune response than
Copyright © 2018 Wolters Kluwer H
does HLA-DR7. Although theoretically possible, there is no
evidence from mixed lymphocyte reaction studies to support
this idea. In fact the donor HLA-DR7 data (Figure 3B)
suggests that it supercedes DR matching effects, implying
active protection of the graft from BOS. Another possibility is
that of an “HLA-restriction” effect. In the case of HLA-DR15,
we have shown that there are several colV(α1) peptides that
have very high binding, and expression of HLA-DR15 was
associated with elevated pretransplant colV response.11

Additionally, HLA-DR15 frequency is increased in some,24,25

but not all populations26 of patients with idiopathic
pulmonary fibrosis, a disease we have found to be associated
with colV autoimmunity.10 Importantly, we have observed
that 2 patients who were HLA-DR15neg, but received a lung
expressing HLA-DR15 can exhibit T cell responses to DR15-
restricted peptides 2 to 7 years posttransplant.11,16

One possible avenue for allorestricted presentation of self anti-
gen is via the “semi-direct”, exosome mediated, allorecognition
pathway.27 Recent evidence suggests that lungs secrete exosomes
or extracellular vesicles containing donor HLA as well as self an-
tigens colV and kα1-tubulin.28 Additionally, Nayak et al.29 has
shown that CD163/169/206 triple+, non–T cells in BAL from
lung transplant patients constitute HLA-DRpos tissue-resident al-
veolar macrophages. These cells, which patrol the surface of the
airway, turn over very little from bone marrow and were found
to remain largely donor-type at 3 years posttransplant. Further-
more these resident donor cells were recently found to act as an
ongoing reservoir producing extracellular vesicles carrying donor
HLA (class I or class II), and self antigens that trigger autoim-
munity in BOS.30 Extracellular vesicle-basedmechanismsmay
help explain increased risk31 or protection32 of a woman from
developing rheumatoid arthritis based on persisting fetal
microchimerism in her body after parturition.

The protective influence of donor DR7 is still a mystery.
We have preliminary data that coexpression of HLA-DR7
andDR15 in a lung transplant recipient prevents the immune
response to a colV(α1) peptide normally presented by DR15,
whereas permitting responses to other colV(α1) peptides. In
our patient population, it was notable that such coexpression
of DR7 overcame the increased BOS risk of a having aDR15pos

donor (Figure 5A), something that recipient expression of the
otherwise protective DR17 allele did not (Figure 5B). Evidence
for active suppression of BOS was shown in a mouse lung
transplant model where induced T regulatory cells were found
to suppress the IL-17 production and reduce the degree of
BOS and cytokine production.33

In a different autoimmune disease,Goodpasture syndrome,34

HLA-DR15, and HLA-DR7 also had opposite influences on
susceptibility; with a higher frequency of HLA-DR15 and a
much lower frequency of DR7 in patients with the disease.
Peptide analysis by Phelps et al35 showed that disease protec-
tion by DR7 was not due to lack of binding of the pathogenic
colIV(α3) peptides to DR7, as the known peptides actually
bound with a higher affinity to DR7 than to DR15. They pos-
tulate that autoantigenic epitopes were “stolen” by DR7 and
presented harmlessly preventingDR15-associatedGoodpasture
disease.35 In another disease, psoriasis, HLA-DR7 appears to
present peptides that stimulate IFNγ production by T cells,
whereasHLA-DR15 does not.36 In this case, HLA-DR7 appears
to be the pathologic genotype, whereasDR15 is a protective one.

ColV is only one type of antigen that might be important
in the immune responses in lung transplant recipients;
ealth, Inc. All rights reserved.
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microbiota37,38 may be drastically altered by the presence of
different DR alleles39 or environmental antigens.40 Inter-
play of donor-MHC and the lung microenvironment, in
the case of both types of antigens, could mean that the pro-
found donor and recipient DR associations found in this
single-center study might not be universal, but rather spe-
cific to the strongly Caucasian/Northern European bias in
the ethnicity of our lung donor and recipient populations.
The particular DR-type/BOS associations seen in a given lung
transplant center are likely to reflect their ethnic diversity, as
different human populations show different DR-based auto-
immune disease associations.41

Themechanistic basis of the donorDR-BOS associations are
yet to be fully elucidated, but are likely to involve acquisition by
the host of newMHC class II immune response, gene products
from the transplant donor, possibly by the same exosome-
dependent process that can lead to early acute rejection.42

Because lung transplants that survive the first year become
particularly susceptible to autoimmune damage, these donor
class II-based, acquired susceptibilities andprotections are likely
to involve reshaping of the autoimmune CD4TcR repertoire of
the host, as has been shown for a donor class I reshaping the
host viral-specific CD8 T cell immune repertoire.14
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