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Abstract

Over one-third of lung recipients have preexisting antibodies against
lung-restricted antigens: collagen (Col) type V and K-a1 tubulin
(KAT). Although clinical studies have shown association of these
antibodies with primary graft dysfunction (PGD), their biological
significance remains unclear. We tested whether preexisting lung-
restricted antibodies can mediate PGD and prevent allotolerance. A
murinesyngeneic (C57BL/6)orallogeneic (C57BL/6 toBALB/c) left lung
transplantation model was used. Rabbit polyclonal antibodies were
produced against KATandCol-V and injected pretransplantation. T cell
frequency was analyzed using enzyme-linked immunospot, whereas
alloantibodies were determined using flow cytometry. Wet:dry ratio,
arterial oxygenation, and histology were used to determine PGD.
Preexisting Col-V or KAT, but not isotype control, antibodies lead
to dose-dependent development of PGD after syngeneic lung
transplantation, as evidencedbypooroxygenation and increasedwet:dry
ratio.Histology confirmed alveolar and capillary edema. The native right
lung remained unaffected. Epitope spreading was observed where KAT
antibody treatment led to the development of IL-17–producing CD41

T cells and humoral response against Col-V, or vice versa. In contrast,
isotype control antibody failed to induceCol-V–orKAT-specific cellular

orhumoral immunity. Inaddition,noneof themicedeveloped immunity
against a non–lung antigen, collagen type II. Preexisting lung-restricted
antibodies, but not isotype control, prevented development of
allotolerance using the MHC-related 1 and cytotoxic T-lymphocyte-
associated protein 4-Ig regimen. Lung-restricted antibodies can induce
both early and delayed lung graft dysfunction. These antibodies can also
cause spreadingof lung-restricted immunity andpromote alloimmunity.
Antibody-directed therapy to treat preexisting lung-restricted antibodies
might reduce PGD after lung transplantation.
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graft dysfunction

Clinical Relevance

This research shows that lung-restricted autoimmunity can
lead to primary graft dysfunction and prevent development of
tolerance after lung transplantation. This work supports the
role of testing for lung-restricted autoantibodies in patients
undergoing lung transplantation.

The practice of cross-matching before lung
and other solid organ transplants detects
preexisting antibodies in the recipient
against donor human leukocyte antigens
(HLAs) (1). Although cross-matching
prevents hyperacute rejection in solid organ

transplantation, primary graft dysfunction
(PGD) after lung transplantation remains
very frequent, with a reported incidence
of over 50% (2, 3). PGD after lung
transplantation occurs within the first
24–72 hours, and is characterized clinically

by hypoxemic respiratory failure and
histologically by alveolar damage and edema.
Although several donor and recipient risk
factors have been postulated to contribute
to PGD, the pathogenesis remains
unknown (4).
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Underlying pulmonary disease causes
damage to the native lungs, which can reveal
cryptic, tissue-restricted self-antigens
(sAgs), which are normally protected from
the host’s immune system (5). It has
recently been shown that T cells specific for
lung tissue-restricted sAgs are not deleted
by the thymus, but are actively suppressed
by thymically derived, antigen-specific
forkhead box P3 (Foxp3)1 regulatory T cells
(Tregs) (6). Loss of Tregs, for example, by
respiratory viral infections, can lead to the
expansion of lung tissue–restricted T cells
and development of both cellular and
humoral lung-restricted autoimmunity (7).
We have previously shown that up to one-
third of lung allograft recipients have
preexisting IgG antibodies against collagen
(Col) type V and K-a1 tubulin (KAT),
cryptic sAgs present in the normal lungs (8).
After lung transplantation, these antibodies
are associated with a sevenfold-increased risk
of PGD, development of donor-specific HLA
antibodies, and chronic lung allograft
rejection (bronchiolitis obliterans syndrome
[BOS]) (8–12), the predominant cause of
poor long-term lung allograft survival
(13–15). sAgs, unlike HLA antigens, are
nonpolymorphic, and do not differ between
individuals within a species. Hence,
preexisting antibodies can bind to the
allograft when their target sAgs are revealed
as a result of ischemia–reperfusion injury at
the time of transplantation, leading to
humoral rejection (16–18). Therefore, it is
plausible that a subset of recipients affected
by PGD represent a manifestation of humoral
rejection caused by preexisting antibodies
directed against sAgs. Because the current
cross-match system uses donor lymphocytes
that do not express tissue-restricted sAgs
(19), these antibodies remain undetected.
Here, using the well established murine
model of lung transplantation, we investigate
whether preexisting lung-restricted antibodies
can induce PGD in syngeneic lung grafts and
prevent development of allotolerance.

Materials and Methods

Mice and Lung Transplantation
Male C57BL/6 (H-2kb; 12–14 wk old),
BALB/c (H-2kd), and CBA/J (H-2kk) were
commercially obtained (Jackson
Laboratories, Bar Harbor, ME). Orthotopic
left lung transplantation was performed
using the cuff technique (20). For sham
experiments, mice were ventilated for 1 hour

(duration of mouse lung transplantation).
All animal studies were performed with
sterile precautions and approved by
the institutional animal studies committee.

Antibodies to KAT and Col-V
Rabbit polyclonal IgG antibodies to KAT
and Col-V were produced against KAT and
Col-V proteins as previously described (17).
Specificity of the antibodies was determined
by ELISA with plates coated with purified
proteins (Col-V, Col-I, and Col-II; optical
densities for: Col-V, 0.863 nm; Col-I, 0.124
nm; and Col-II, 0.109 nm). Purified
antibodies were endotoxin free by limulus
amebocyte lysate assay. Antibodies were
administered intraperitoneally at specific
doses before lung transplantation. Rabbit
IgG was used as isotype control.

ELISA for Antibodies
Development of antibodies to KAT, Col-V,
and Col-II (control) was determined by
ELISA as previously described (21, 22). In
brief, 1 mg/ml of Col-V, KAT, and Col-II
suspended in PBS were coated onto an
ELISA plate (Col-II and Col-V were
obtained from Chemicon/Millipore
[Billerica, MA], and recombinant KAT was
expressed in our laboratory) and incubated
overnight at 48C. Diluted murine and
normal sera were then added to these plates.
Detection was done using anti-human IgG–
horseradish peroxidase (1:10,000), developed
using tetramethylbenzidine substrate and
read at 450 nm. Antibody concentration was
calculated using a standard curve from
known concentrations of respective
antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA).

Enzyme-Linked Immunospot for
Cellular Immune Response
Cellular immune responses to KAT, Col-V,
and Col-II were enumerated using enzyme-
linked immunospot (21, 23). All antigens
were endotoxin free. Briefly, multiscreen
96-well filtration plates were coated
overnight at 48C with 5.0 mg/ml of capture
human cytokine-specific monoclonal
antibodies (BD Biosciences, San Jose, CA).
The plates were then blocked with 1% BSA
for 2 hours. Subsequently, 33 105 C57BL/6
splenocytes were cultured in triplicate in
the presence of irradiated (3,000 rads)
syngeneic stimulators at a 1:1 ratio. The
irradiated splenocytes were pulsed with
the respective antigens overnight. After
48 hours, the plates were washed and

2.0 mg/ml of biotinylated cytokine-specific
monoclonal antibody (BD Biosciences) was
added to the wells. After an overnight
incubation at 48C, the plates were
developed using horseradish
peroxidase–labeled streptavidin (BD
Biosciences) and 3-amino-9-ethylcarbazole
substrate reagent (BD Biosciences). The
spots were analyzed in an ImmunoSpot
Series I analyzer (Cellular Technology,
Shaker Heights, OH).

Wet:Dry Weight Ratio for Pulmonary
Edema
The transplanted left lung was harvested after
reperfusion at defined time points, weighed,
and then placed at 548C until a stable dry
weight was achieved. The ratio of wet weight
to dry weight was then calculated as an
indicator of pulmonary edema.

Arterial Oxygen Analysis
To assess left lung graft function, arterial
blood gases were measured using at a
fraction of inspired oxygen of 100% after the
right pulmonary hilum was clamped for
5 minutes. Blood was collected by left
ventricular puncture.

Histology
Tissue sections were stained with
hematoxylin and eosin and trichrome and
analyzed blindly. Images were obtained on a
Nikon Eclipsemicroscope (Nikon,Minato-ku,
Tokyo) or Olympus DP-71 (Olympus, Center
Valley, PA), and morphometric analysis
performed using Nikon Elements software.
Analysis was performed on 10 different areas
of the lungs, and at least 10 high-powered
fields were analyzed in each area.

Statistical Analysis
Data were analyzed in SPSS v.19 (IBM Inc.,
Chicago, IL) and GraphPad Prism 5.0
(GraphPad Software, Inc., La Jolla, CA), and
presented as mean (6SEM) with at least
five mice in each cohort. x2 tests, ANOVA,
and Student’s t tests were used as
appropriate. Results were considered
significant at a P value of less than 0.05.

Results

Preexisting Lung-Restricted
Antibodies Induce PGD after
Syngeneic Lung Transplantation
Preexisting antibodies against lung-
restricted sAgs Col-V and KAT are
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associated with the development of PGD,
characterized by hypoxemia and pulmonary
edema, after human lung transplantation (8,
24). Histologically, PGD is associated with
alveolar edema and damage. We tested the
role of lung tissue–restricted antibodies
against Col-V and KAT in the development
of PGD after murine syngeneic lung
transplantation. Recipient mice received
200 mg each of Col-V, KAT, Col-V1KAT,

or isotype control antibodies daily
starting at Day 27 until the day of
transplantation. At 24 hours after
transplant, arterial blood oxygenation was
analyzed after clamping the right hilum.
Lungs were harvested for determination
of pulmonary edema and histological
examination. We found a significant
reduction in syngeneic lung graft function
with Col-V (PaO2

1936 7 mm Hg), KAT

(1866 20 mm Hg), and Col-V plus KAT
(1626 11 mm Hg) antibodies, but not
isotype control (5936 6 mm Hg, P, 0.001;
Figure 1A). Each of the transplanted
syngeneic grafts in murine recipients of
lung-restricted antibodies revealed
increased wet:dry ratio, indicative of
pulmonary edema at 24 hours (Figure 1B).
Histology revealed alveolar damage and
edema in recipients treated with
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Figure 1. Preexisting lung-restricted antibodies against self-antigens lead to primary graft dysfunction after syngeneic murine lung transplantation. (A)
Recipient mice (C57BL/6) received 200 mg each of collagen (Col) type V, K-a1 tubulin (KAT), Col-V plus KAT, or isotype control antibodies daily starting
Day 27 until the day of transplantation. At 24 hours after transplant, arterial blood oxygenation was analyzed after clamping the right hilum. Each group
consisted of five mice, and the P value between isotype control and each lung-restricted antibody group was less than 0.01. (B) Lungs were harvested for
determination of pulmonary edema at 24 (black bars) and 48 (gray bars) hours. Each group consisted of five mice, and the P value between isotype control
and each lung-restricted antibody group was less than 0.01. (C) Histology showing capillaritis and alveolar edema in mice treated with lung-restricted
antibodies but not isotype control antibodies. (D) Inflammatory cells (both polymorpho- and mononuclear) were counted in 10 high-power fields (403) and
averaged for each group. Recipients treated with lung-restricted antibodies revealed a marked increase in inflammatory cells compared with isotype
control. Data are presented as mean (6SEM). PaO2

, arterial oxygen pressure.
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lung-restricted antibodies, but not isotype
control (Figure 1C). Polymorphonuclear
and mononuclear cells were counted in 10
high-power microscopy fields (403) and
averaged for each group. As shown in
Figure 1D, recipients that were treated with
lung-restricted antibodies revealed marked
increase in inflammatory cells compared
with those that only received isotype
control. Native lungs did not reveal any
pathological changes. Taken together, this
indicated that lung-restricted antibodies
induce graft dysfunction after syngeneic
lung transplantation, and that the
ischemia–reperfusion injury is necessary for
the lung-restricted antigens to be exposed
to the circulating antibodies.

Preexisting Lung-Restricted
Antibodies Induce a Dose-Dependent
PGD in Syngeneic Grafts
We next investigated whether PGD
observed after syngeneic murine lung
transplant was dependent on the dose of the
lung-restricted antibodies. The mice were
injected with varying doses of Col-V, KAT
or isotype control antibodies daily starting
Day 27 until the day of transplantation.
At 24 hours after transplantation, graft
function was analyzed by measuring arterial
blood gases after clamping the right hilum
for 5 minutes. Wet:dry ratios were
calculated to determine pulmonary edema.
As shown in Figure 2A, Col-V, KAT, or a
combination of Col-V and KAT, but not

isotype control, antibodies induced a dose-
dependent decrease in lung graft function.
In addition, lower doses of the lung-
restricted antibodies were associated with
decreased pulmonary edema (Figure 2B).

Preexisting Lung-Restricted
Antibodies Perpetuate
Lung-Restricted Autoimmunity
It has been recently demonstrated that
T cells restricted to lung sAgs are not deleted
by the thymus (6). Hence, we hypothesized
that injury by one antibody against lung
sAgs might lead to expansion of lung-
restricted immunity by exposing the other
sAgs in the lungs to the lung-restricted
T cells. To investigate this, we treated mice
with KAT, Col-V, or isotype control
antibodies and serially tested for the
development of Col-V (or KAT) specific
IL-17–producing CD41 T cells and de novo
Col-V (or KAT) antibodies. We found
that KAT antibody treatment led to the
development of IL-17–producing CD41

T cells (Day 28, 68.36 1.5 spots/million;
Figure 3A) and humoral response against
Col-V (Day 28, 6426 16 mg/ml;
Figure 3A). In contrast, isotype control
antibody failed to induce Col-V–specific
cellular (Day 28, 9.36 0.3 spots/million,
P, 0.001; Figure 3A) or humoral
immunity (Day 28, 48.76 2.9 mg/ml,
P, 0.001; Figure 3A). In addition, none
of the mice developed immunity against a
non–lung antigen, collagen type II

(Figure 3). Similarly, administration of
Col-V antibodies, but not isotype
control, resulted in development of
IL-17–producing CD41 T cells (Day 28,
42.76 1.8 spots/million; Figure 3B) and
humoral response against KAT (Day 28,
4846 20 mg/ml; Figure 3B).

Preexisting Lung-Restricted
Antibodies Induce Alloimmunity
after Murine Lung Transplant
We previously found that human lung
transplant recipients with preexisting
antibodies against Col-V and KAT are
associated with decreased freedom from
de novo donor-specific HLA antibodies (8,
24, 25). However, in human patients, there
are a number of confounding variables, and
we cannot yet conclude that lung-restricted
antibodies lead to donor-specific HLA
antibodies. Therefore, we tested if
antibodies against lung sAgs could induce
alloantibodies and prevent development of
tolerance in the well established murine lung
transplant model. Toward this wild-type
donor BALB/c (H2d) lungs were
transplanted into C57BL/6 (H2b) recipients.
We administered Col-V (200 mg), KAT (200
mg), Col-V plus KAT (200 mg each), or
isotype control antibodies on Days 22, 21,
0, 6, 7, and 8, and weekly thereafter until
Days 30 and 45. To induce tolerance, we
used a combination of MHC-related 1 and
cytotoxic T-lymphocyte-associated protein
4-Ig, as previously described (26, 27).
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Figure 2. The effect of lung-restricted antibodies is dose dependent. The mice were injected with varying doses of Col-V, KAT, or isotype control
antibodies daily starting at Day 27 until the day of transplantation. (A) At 24 hours after transplantation, graft function was analyzed by measuring arterial
blood gases after clamping the right hilum for 5 minutes, and (B) wet:dry ratios were calculated at 24 hours to determine pulmonary edema. Data are
presented as mean (6SEM).
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Subsequently, development of allospecific
antibodies was analyzed using flow cytometry
by testing the recipient murine serum
against donor or third-party splenocytes.
We found that mice that received Col-V,
KAT, or Col-V plus KAT, but not isotype
control, revealed antibodies against donor
major histocompatibility complex class I
(anti-H-2kd), as shown in Figure 4A, but not
against third-party splenocytes (anti-H-2kk),
as evident from Figure 4B.

Preexisting Lung-Restricted
Antibodies Induce Allograft
Dysfunction and Prevent
Development of Tolerance
We next analyzed the allograft function on
Days 30 and 45. To this end, the hilum of the
native right lung was clamped for 5 minutes,
after which we analyzed arterial oxygen
content. As shown in Figure 5A, the group
of mice that were treated with isotype
control antibodies revealed normal
oxygenation (Day 30, 5786 18 mm Hg;
Day 45, 5826 13 mm Hg) compared with
sham-treated mice (Day 30, 5906 10.7;
Day 45, 6026 6 mm Hg, P = 0.9). In
contrast, mice that received Col-V (Day 30,
2116 14; Day 45, 2136 5 mm Hg), KAT
(Day 30, 2086 6; Day 45, 2276 10 mm
Hg), or KAT plus Col-V (Day 30, 2096 11;
Day 45, 2266 22 mm Hg) (P, 0.001 for
all) antibodies revealed significantly reduced
oxygenation, indicative of poor allograft
function. Histology revealed development of
peribronchial fibrosis on Day 45 in
recipients treated with lung-restricted
antibodies, but not isotype control (Figures
5B and 5C). We then performed a dose
titration curve on Day 45. The loss of
allograft function was dose dependent, as
administration of less than 200 mg was
associated with less dysfunction in the
transplanted lung, as evident in Figure 5D.

Discussion

Long-term function of lung allografts and
patient survival continues to be
significantly affected by the development of
chronic rejection (BOS) (13–15). Although
various risk factors have been postulated,
PGD has emerged as one of the most
important risks, setting the stage for
BOS early after transplantation. The
pathogenesis of PGD, however, remains
unknown. Antibodies against sAgs have
been shown to bind graft epithelial cells,
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Figure 3. Preexisting lung-restricted antibodies perpetuate lung-restricted autoimmunity. Mice were
treated with KAT, Col-V, or isotype control antibodies and serially tested for the development of
Col-V–specific or KAT-specific IL-17–producing CD41T cells and de novo Col-V or KAT antibodies
after syngeneic lung transplant. (A) Five mice in each group were administered KAT or isotype control
antibodies. On Days 0, 14, and 28, mice were killed and splenocytes as well as serum collected and
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activating proinflammatory and
complement cascades (8, 24, 25, 28, 29).
Hence, it seems logical to hypothesize that
antibodies against lung sAgs could mediate
graft dysfunction. Accordingly, we
demonstrate here that lung-restricted
antibodies can contribute to the
pathogenesis of PGD and prevent
allotolerance. In addition, antibodies to
lung-restricted sAgs can elicit alloimmune
responses manifested by development of
antibodies against MHC class I as well as
cellular immunity to not only the same
sAg (i.e., KAT or Col-V), but other lung-
associated sAg (Figures 3 and 4). This
response was lung restricted, as evident by
the absence of immune responses to
Col-II, an extracellular matrix sAg (30).
Furthermore, other organs, including
heart, liver, kidney, and native lung,
remained undamaged (data not shown).
These findings demonstrate that the effects

of the lung-restricted antibodies are not
global, but, rather, specific to the
transplanted lung alone. We recently
demonstrated that de novo lung-restricted
antibodies, administered after lung
transplantation, can mediate rejection of
syngeneic lung grafts and predispose to
chronic rejection (17). In the present
article, we establish that preexisting lung-
restricted antibodies lead to PGD in a
dose-dependent manner.

Lung sAgs are usually sequestered, but
ischemia–reperfusion injury can reveal
these sAgs on the allograft to the immune
system (21, 31–33). Hence, preexisting
antibodies can bind to the sAgs on the
allograft, augmenting the immune response
and contributing to the pathogenesis of
PGD. In the native lungs, because there is
no ischemia–reperfusion and exposure of
sAgs, there is no injury. This is supported
by earlier studies using rat lung

transplantation, where Col-V was found to
be released into the bronchoalveolar lavage
fluid after ischemia–reperfusion of both
syngeneic and allogeneic grafts (34, 35).

The inflammatory response triggered
by these antibodies may further perpetuate
tissue-restricted immunity. In fact, over 96%
of lung recipients will develop de novo
antibodies within 3 years after lung
transplantation (36). It is not entirely clear
how the immune response spreads to other
tissue-restricted antigens. We propose that,
once antibodies are bound to the sAgs, the
antigen-presenting cells can opsonize the
membrane on which the sAgs are present.
This, in turn, can cause phenotypic switch
and activation of immune response to other
antigens present on the phagocytized
membrane, leading to epitope spreading
to other sAgs, and likely to alloantigens.
The development of PGD and associated
inflammatory response can also lead to
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Figure 4. Preexisting lung-restricted antibodies induce alloimmunity after murine lung transplantation. Wild-type donor BALB/c lungs were transplanted
into C57BL/6 recipients. A combination of MHC-related 1 and cytotoxic T-lymphocyte–associated protein 4-Ig was used to induce tolerance. We
administered Col-V (200 mg), KAT (200 mg), Col-V plus KAT (200 mg each), or isotype control antibodies on Days 22, 21, 0, 6, 7, and 8, and weekly
thereafter until Post-transplant Days 30 and 45. Subsequently, development of allospecific antibodies was analyzed using flow cytometry by testing
the recipient murine serum against (A) donor H-2kd or (B) third-party H-2kk splenocytes on Days 30 and 45. The increase in anti-H-2kd compared with
anti-H-2kk was statistically significant (P, 0.01). Data are presented as mean (6SEM). Abs, antibodies.

Figure 3. (Continued). analyzed for Col-V or Col-II–specific IL17–producing CD41 T cells or de novo Col-V or Col-II antibodies using enzyme-linked
immunospot (ELISPOT) and ELISA, respectively. The increase in Col-V–specific CD41 T cells and Col-V antibodies by injection of KAT antibodies
was statistically significant compared with isotype control (P, 0.01). (B) Five mice in each group were administered Col-V or isotype control antibodies.
On Days 0, 14, and 28, mice were killed and splenocytes as well as serum collected and analyzed for KAT- or Col-II–specific IL17–producing CD41 T cells
or de novo KAT or Col-II antibodies using ELISPOT and ELISA, respectively. The increase in KAT-specific CD41 T cells and KAT antibodies by injection
of Col-V antibodies was statistically significant compared with isotype control (P, 0.01). Data are presented as mean (6SEM).
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Figure 5. Preexisting lung-restricted antibodies induce allograft dysfunction and prevent development of tolerance. Wild-type donor BALB/c lungs were
transplanted into C57BL/6 recipients. A combination of MHC-related 1 and cytotoxic T-lymphocyte–associated protein 4-Ig was used to induce tolerance.
We administered Col-V (200 mg), KAT (200 mg), Col-V plus KAT (200 mg each), or isotype control antibodies on Days 22, 21, 0, 6, 7, and 8, and weekly
thereafter. (A) On Days 30 (black bars) and 45 (gray bars) arterial blood gases were obtained to analyze allograft function. Sham mice underwent ventilation
for 1 hour without lung transplantation. (B and C) Histology revealed developement of peribronchial fibrosis in mice treated with lung-restricted antibodies
compared with isotype control. For calculation of peribronchial fibrosis, the average of maximum bronchial wall thickness in 10 high-power fields in mice
within each treatment group was divided by average wall thickness in native lungs to determine fold increase. (D) The effects of lung-restricted antibodies
were dose dependent. Mice underwent serial administration of lung-restricted antibodies at the time points described previously here. On Day 45, allograft
function was analyzed by arterial blood gases. Data are presented as mean (6SEM).
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infiltration of neutrophils and activation of
macrophages (37, 38). These macrophages
have an important role for further induction
of autoimmune responses. Activation of
alveolar macrophages and their switch to an
M2 phenotype, as well as interstitial
macrophages, have been shown to be critical
in the induction of IL-17–secreting cells (39,
40). In addition to macrophages, neutrophils
also play a significant role in abrogating
tolerance after administration of antibodies
specific to lung sAgs. Neutrophil activation
in the allograft leads to significant increase in
CD41 T cell activation, as well as increase in
IL-17, IFN-g, and IL-2 in the graft (41).
Neutrophils are known to be an important
source of IL-6 (42), and the matrix
metalloproteinases secreted by neutrophils
may influence tissue inflammation, leading
to presentation of cryptic sAgs to the
immune system. Neutrophil infiltration can
also increase local inflammatory factors,
including TNF-a and granulocyte colony-
stimulating factor (38). These processes can
lead to further exposure of sequestered sAgs,
causing propagation of lung-restricted
autoimmunity (41, 43).

A growing body of evidence supports
the presence of lung-restricted immunity in
patients with chronic lung disease (8–11,
44). Although the effects of lung-restricted
antibodies in non–transplant patients
remains unclear, they have been shown to
significantly reduce the allograft survival
by causing both early (8–11, 18) and
chronic lung allograft rejection (45). In
our previous study, pretransplant
antibodies to KAT or Col-V increased the

risk of PGD and BOS (9–11). It is also
noteworthy that production of IL-17 in
response to sAgs has been shown to be
critical in the pathogenesis of chronic lung
graft rejection (46), and neutralization of
IL-17 prevented the development of
obliterative airway disease (OAD), the
pathological hallmark of BOS, both in the
intrabronchial anti-MHC administration
model of OAD and the minor
histocompatibility mismatch lung
transplant model (21, 47). Th17 cells
specific to sAgs play an important role in
development of sAg-specific immune
responses. Although we specifically did not
block Th17, previous studies from our
laboratory, and others, have shown that
blocking of Th17 can prevent OAD (17,
48). The phenomenon of tissue-restricted
immunity leading to organ rejection has
also been demonstrated in heart allograft,
where antibodies against cardiac myosin
have been shown to be pathogenic in
chronic heart allograft rejection (49).
Furthermore, immunization with cardiac
myosin can lead to induction of chronic
rejection in a syngeneic heart transplant
model (50).

Although, in this study, we determined
immune responses against only KAT and
Col-V, it is possible that there may be
development of autoimmune response
against other unknown lung sAgs. The
mechanisms by which antibodies against
sAgs are induced, or how they act once
formed, are not well understood. It is
known that T cells against lung-restricted
sAgs are not deleted in the thymus and are

suppressed by CD41CD251Foxp31 Tregs
(6). These Tregs play an important role
in both self- and allotolerance (9, 51–57).
Tregs can be found in many different
tissues, where they play an important
role in suppressing inflammation and
autoimmune responses (53–56). There is
increasing evidence that alteration in
cellular regulation of peripheral tolerance
plays a crucial role in chronic allograft
rejection (51, 52). We have shown that
respiratory viruses can induce Treg
apoptosis through up-regulation of Fas
ligand on the epithelial cells (7). Therefore,
ongoing injury from the underlying lung
disease combined with loss of Treg can
lead to the development of lung-restricted
immunity.

In conclusion, this study demonstrates
that immune responses to lung-associated
sAgs can lead to PGD in murine syngeneic
transplants and prevent development of
allotolerance. Strategies to detect and
deplete such antibodies may represent a
novel approach to reduce PGD and
subsequent BOS after lung transplantation.
Prospective clinical trials are required to
investigate the efficacy of antibody-directed
therapy in patients with preexisting
lung-restricted antibodies in preventing
PGD and alloimmunity. n
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