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Abstract
Background—The goal of this study was to define the role of T cell subsets in the pathogenesis
of autoimmunity induced obliterative airway disease (OAD) by passive transfer of CD8+ or CD4+
T cells.

Methods—Antibodies (Abs) to MHC class I were administered intrabronchially into C57BL/6
animals. Lungs were analyzed by histopathology and immunohistochemistry. The CD8+ and
CD4+ T cell subsets were purified from the lung infiltrating cells and intrabronchially transferred.
Frequency of cells secreting IL-17, IFN-γ or IL-10 to self-antigens (self-Ags) was enumerated by
ELISpot. Myeloperoxidase and Abs to self-Ags were determined by ELISA. Cytokine and growth
factor expression was determined by qRT-PCR.

Results—Passive transfer of lung infiltrating CD8 T cells isolated following anti-MHC class I
administration along with suboptimal dose induced significantly higher cellular infiltration
(89.3±7.9% vs 62.8±10.1%, p <0.05) over CD4 transfer group. Further, Passive transfer of CD8
cells resulted in infiltration of neutrophils and macrophages suggesting early injury response. In
contrast, passive transfer of CD4+ T cells induced significantly higher degree of luminal occlusion
(29.3±5.6% vs 8.6±2.5%, p <0.05) and fibrosis (54.4±9.3% vs 10.2±2.4%, p <0.05) over CD8
group and B-cell infiltration leading to immune responses to lung associated self-Ags and fibrosis.

Conclusion—Ligation of MHC molecules by its specific Abs induced early injury with
neutrophils, macrophages and CD8 T cells, which leads to exposure of cryptic self-Ags and their
presentation by the infiltrating CD4+ T cells and B cells leading to the development of immune
responses to self-Ags culminating to OAD.
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Introduction
In spite of advances in human lung transplantation techniques and post-operative
management, chronic rejection characterized as bronchiolitis obliterans syndrome (BOS)
remains the most important concern for the long term allograft function.1 There are several
studies which demonstrated strong association between the development of antibodies (Abs)
to mismatched donor HLA and development of BOS.2 This development of alloimmune
responses precedes the development of BOS3, 4 and thus suggesting a potential pathogenic
role for Abs to HLA.

To determine the mechanism by which Abs to donor MHC may lead to development of
chronic rejection we developed a murine model of obliterative airway disease (OAD) of
native lungs.5 In this model, intrabronchial administration of Abs to MHC class I to the
native lungs of mice resulted in OAD including: cellular infiltration, luminal occlusion and
fibrosis of the small airways, the central events seen during chronic human lung allograft
rejection.5 Further depletion of T-regulatory cells (CD4+Foxp3+) accentuated the OAD
while IL-17 neutralization abrogated development of OAD.6 We also reported that not only
anti-MHC specific to Class I antigens but also to MHC class II can induce OAD.7 In this
communication, we present evidence that Abs to MHC elicit early non-specific cellular
immune responses characterized by infiltration of neutrophils and macrophages along with
accumulation of CD8+ T cells. Passive transfer of CD8+ T cells along with suboptimal dose
of MHC class I Abs induced primarily injury response while the CD4+ T cells orchestrated
B cell infiltration, development of immune responses to self-antigens (Ags) leading to OAD.

Materials and Methods
Animals and adoptive transfer of T cell subsets

We utilized a murine model in which OAD, a correlate of BOS, was induced in the distal
airways following intrabronchial administration of monoclonal Ab (mAb) specific to MHC
class I Ags.5 All experiments were performed in compliance with the guidelines of the
Institutional Laboratory Animal Care and Use Committee of Washington University School
of Medicine. Murine mAb to H2Kb (IgG2a, endotoxin free, measured by LAL assay), was
given at a dose of 200 μg/administration into wild-type C57BL/6 mice. Abs (200μg) was
administered with a 20-gauge catheter into the lung on days 1, 2, 3, 6, and then weekly
thereafter. For sub optimal dose, single dose (200μg) of Abs were given on day 1. To
determine the role of CD8+ and CD4+ T cells in induction of autoimmunity following
ligation of anti-MHC class I Abs, we administered varying concentration of (0.1, 1 and 10
million) CD8+ or CD4+ T cells positively selected from day 30 lungs of OAD animals and
passively transferred intrabronchially into C57BL/6 mice on day 1 along with one dose of
intrabronchial MHC class I Abs. The individual T cell subsets were positively selected by
MACS beads (Miltenyi Biotec, NY) and the purity of cells selected was determined to be
>90% by flow cytometry. The passively transferred animals were sacrificed on day 30 and
analyzed as described below.

Histological Analyses
Lungs collected at days 30 were stained with H&E and Masson’s trichrome, and analyzed
under Nikon ECLIPSE 55i (Melville, NY) microscope using NIS-Elements BR software
(Melville, NY).6 Immunostaining for myeloperoxidase (MPO), CD11b, CD4, CD8, and
CD19 infiltration was performed on frozen sections as described earlier.
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Flow cytometry
Expression of specific cell surface markers was analyzed by flow cytometry. Lung
infiltrating cells were collected by collagen digestion of lungs. The specific cell surface
markers on the infiltrating cells were quantitated using fluorescent tagged Abs for CD11b
(macrophage), CD19 (B cell), CD3 (T cell), CD8 (effector T cell) and CD4 (helper T cell)
(Santa Cruz Biotech, CA). Cells were analyzed on LSR II flow cytometer (BD Biosciences,
San Jose, CA) using FACSDiva software. All measurements were taken for 5,000 events
that are a display of relative cell count.

Myeloperoxidase (MPO) Assay
Neutrophil activity was determined by MPO assay on sonicated lung extracts as described
earlier.8

ELISpot assay
To enumerate the frequency of Ag specific cytokine secreting cells we performed ELISpot,
as described previously.6, 9 The results were expressed as spots per million cells ± SEM.

ELISA
To analyze the serum concentration of Abs to Collagen V (ColV) and K-α1 Tubulin
(Kα1T), ELISA plates (Nunc, Rochester, NY) were coated with ColV or Kα1T (1 μg/mL)
in PBS over night at 4°C.5, 6 A sample was considered as positive if the values were over an
average cutoff values of two SD above the mean obtained from normal sera (n=10). The
data were represented as a mean ± SEM over a 5 different measurements.

Gene expression analysis
RT-PCR was performed to determine chemokines, and growth factors, based on mRNA
transcription in the lungs harvested from day 30.5 The expression was analyzed by FAM-
labeled mouse specific RT-PCR primers (Applied Biosystems, CA).

Statistical analysis
The statistical analyses were performed either using GraphPad5.0 (LaJolla, CA) or Origin
6.0 (Northampton, MA) and all the data is represented as a mean ± SEM over a 5 different
measurements. Statistical significance at p-Value <0.05 was established by Student’s paired
two-tailed t test.

Results
Kinetics of cellular infiltration following anti-MHC class I administration and development
of OAD

We have previously demonstrated that intrabronchial administration of MHC class I (anti-
H2Kb) Abs (on day 1, 2, 3, 6, and weekly) resulted in the development of OAD lesions in
the lungs of C57BL/6 mice by day 30.5 We performed morphometric analyses to determine
the cellular infiltration resulting in OAD. As shown in Table 1, temporal analyses
demonstrated an increase in the frequency of neutrophils and macrophages by day 7; CD8+
T cells by day 15; and CD4+ T cells and B cells by day 30 (over the isotype Ab treated
animals). These results suggest that ligation of MHC class I molecules with its specific Abs
induces significant cellular infiltration into the lungs initially with innate and CD8+ T cells,
followed by CD4+ T cells and B cells.
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Adoptive transfer of CD8 T cells along with suboptimal dose of MHC class I antibodies
causes increased cellular infiltration and CD4 T cells resulted in enhanced luminal
occlusion and fibrosis

To determine the role of T cell subsets in the development of OAD following intrabronchial
administration of MHC class I Abs (anti-H2Kb), we performed adoptive transfer of CD8+
and CD4+ T cell subsets isolated from the lung infiltrating lymphocytes. As shown in figure
1, purified CD3+ T cells demonstrated a 21 ± 5% of CD8+ T cells (figure 1B) and 63 ± 9%
of CD4+ T cells (figure 1C). This suggests that, both CD8+ and CD4+ T cell phenotypes
play a role in the pathogenesis of OAD. To determine the contribution of the individual T
cell subsets in inducing OAD, we passive transferred these purified CD8 (figure 1D) and
CD4 (figure 1E) T cells from the total T cell population (CD3+) by MACS beads
purification procedure (purity>90%).

To determine the role of individual T cell subset in inducing OAD, we analyzed five
cohorts: Control group, single administration of MHC class I Ab on day 1 along with
equivalent number of splenocytes transferred from naïve animals (control); purified CD8+ T
cell transfer groups, CD8 T cell with and without single administration of MHC class I Abs
(suboptimal dose of MHC class I Abs); purified CD4+ T cell transfer groups, CD4 T cell
along with and without suboptimal MHC class I Abs. Intrabronchial administration of either
suboptimal MHC class I Abs (figure 2A and D) or adoptive transfer of CD8+ T cell subset
alone (figure 2B and E) did not result in OAD. Following adoptive transfer of CD8+ T cell
subsets along with suboptimal MHC class I Abs, the animals developed OAD including
cellular infiltration, luminal occlusion and fibrosis (figure 2C and F). Further, morphometric
analysis (figure 2G-I) demonstrated that adoptive transfer of CD8+ T cells along with
suboptimal MHC class I Abs induced OAD in a dose dependent manner. In a similar set of
experiments, passive transfer of lung infiltrating CD4+ T cells from OAD animals to wild-
type animals along with suboptimal MHC class I Abs induced OAD (Figure 3C and F). As
with CD8 passive transfer, CD4 transfer alone in the absence of suboptimal MHC class I
Abs did not induce OAD lesions (Figure 3B and D) indicating an important role for anti-
MHC in priming the airway epithelium.

The CD8+ T cell transfer group induced significantly higher cellular infiltration (89.3±7.9%
vs 62.8±10.1%, p <0.05) over CD4 transfer group (figure 4A). In contrast, CD4 transfer
group induced significantly higher degree of luminal occlusion (29.3±5.6% vs 8.6±2.5%, p
<0.05) and fibrosis (54.4±9.3% vs 10.2±2.4%, p <0.05) over CD8 group (Figure 4B and C).
These results demonstrate that CD8+ T cells induced initial epithelial damage by innate
cells, while, CD4+ T cells induced fibrosis and luminal occlusion.

Adoptive transfer of CD8+ T cells along with suboptimal MHC class I Abs resulted in
increased neutrophil and macrophage infiltration, whereas CD4+ T cells resulted in
increased B cell infiltration

To determine the differential role of T cell subpopulations in inducing preferential cellular
infiltration, phenotype analyses on the infiltrating cell following passive transfer of CD8+ or
CD4+T cells was performed. On day 30, lung infiltrating cells were isolated using
collagenase digestion of the lungs following which flow cytometric analysis of lung
infiltrating cells was performed. As shown in figure 5A-D, CD8+ T cell transfer along with
suboptimal MHC class I Abs induced increased infiltration of CD11b+ cells in comparison
to the CD4+ T cell transfer groups. Further CD8 transfer also induced increased infiltration
of MPO positive neutrophils (figure 5I) over CD4 groups. There was also significant
(p<0.05) increase in macrophage and neutrophil infiltration in native alloimmune OAD
animals over CD4 transfer group. In contrast, CD4+ T cell transfer group induced higher
CD19+ B cells infiltration over CD8+ T cell transfer and (figure 5E-H). These results
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demonstrate that CD8+ T cells promote infiltration of innate immune cells (neutrophils,
monocytes and macrophages) likely due to the initial lung injury response, while CD4+ T
cells are involved in late injury response including recruitment and activation of B cells
which are involved in the production of Abs to lung associated self-Ags. Further, the
regulatory T cell (Treg) frequency in various cohorts (figure not shown) were as follows:
isotype treated day 30 (14±3% of CD4+T cells), MHC antibody treated day 30 (1.8±0.5% of
CD4+T cells), CD8 transfer with suboptimal MHC antibody at day 30 (1.1±0.7% of CD4+T
cells), CD4 transfer with suboptimal MHC antibody at day 30 (0.7±0.4% of CD4+T cells).
Therefore, these results demonstrate that the differential role of OAD lesions upon CD8 vs
CD4+T cell passive transfer is not due to Treg.

Adoptive transfer of CD4 T cells along with suboptimal MHC class I Abs causes
augmented humoral immune and Th17 cellular responses

Abs to MHC class I molecule has been shown to induce the development of immune
responses to lung associated self-Ags, ColV and Kα1T, in the murine model of OAD and
Abs to donor mismatched HLA are shown to precede clinical evidence of BOS following
human lung transplantation.5, 10 To determine if adoptive transfer of T cell subsets were able
to induce humoral immune responses, we analyzed the serum concentrations of Abs to
Kα1T and ColV on 30 days following passive transfer of T cell subsets. Significant increase
in the development of Abs to Kα1T and ColV were noticed following adoptive transfer of
CD4+ T along with suboptimal MHC class I Abs (figure 6 A and 4B) cells in comparison to
the animals given CD8+ T cells along with suboptimal MHC class I Abs (p<0.01). There
was no difference in humoral immune response between CD4 transfer and native
alloimmune OAD groups. These results demonstrate that passive transfer of CD4+ T cells
from anti-MHC administered animals induced efficient immune responses to self-Ags.

We next investigated the role of memory responses of the auto-reactive T cells associated
with the development of OAD. The splenocytes collected on day 30 following passive
transfer of T cell subsets were analyzed by ELISpot. As shown in figure 6C and 6F, passive
transfer of CD4+ T cells reduced the number of IL-10 specific T cellular response specific to
Kα1T and ColV. On the other hand, IL-17 responses to Kα1T (figure 6E) and ColV (figure
6H) significantly increased by day 30 upon passive transfer of CD4+ T cells over CD8
group. These results indicate that passive transfer of CD4 T cells resulted in change in Th
phenotype to Th17 phenotype, while the passive transfer of CD8 T cells induced cytotoxic
(IFN-γ) responses.

Adoptive transfer of CD8 and CD4 T cells along with suboptimal MHC class I Abs cause
pro-inflammatory and pro-fibrotic cytokine and growth factor milieu in the lung

We also analyzed the gene expression profile of the inflammatory cytokines following
transfer of CD8+ or CD4+ T cell subsets on day 30. As shown in figure 7A and C, adoptive
transfer of CD8 and CD4 T cell subsets induced increased expression of TNF-α and IL-1β,
a known pro-inflammatory cytokine inducing both the effector and helper T cell
responses.11 While, CD8 group induced higher expression of neutrophil specific IL-8
cytokine (figure 7B), CD4 group induced significantly higher gene expression of IL-6
(figure 7D), which is known to facilitate Th17 signaling and inducing alloimmune induced
autoimmune responses.12 Further, CD4 group demonstrated enhanced expression of pro-
fibrotic VEGF (2.3 fold), HGF (3.3 fold) and bFGF (3.8 fold) over CD8 group. These results
demonstrate that passive transfer of CD4 T cells from animals which developed OAD
following intrabronchial MHC class I Abs administration induced an inflammatory local
milieu to skew naïve Th-phenotype into Th17 mediated alloimmune induced autoimmune
responses along with strong pro-fibrotic signaling resulting in the development of OAD in
these animals.

Tiriveedhi et al. Page 5

J Heart Lung Transplant. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
It has been proposed that de novo development of immune responses to mismatched donor
HLA Ags as well as other inflammatory events can lead to immune responses to lung
associated self-Ags resulting in tissue remodeling, fibrosis and obliteration of small airways
that is hallmark of BOS following human lung transplantation.2 A temporal correlation
between the development of donor specific antibodies (DSA) and the development of BOS
have been demonstrated suggesting a pathogenic role for the DSA.4 This is further
supported by our findings that preemptive Ab directed treatment and removal of DSA
significantly improves freedom from BOS following human lung transplantation.13 Various
animal models14 have been proposed to define the immunopathogenesis of this obliterative
airway disease (OAD). However, most of these models either do not fully represent the
lesions seen in BOS following human LTx or are technically complex and difficult to
perform routinely in most of the research facilities. Another complexity stems from the fact
that multiple etiologies have been considered as independent risk factors for the
development of BOS.15 Therefore, with a goal to specifically address the role of alloimmune
responses in the development of OAD, we developed a murine model for OAD, wherein
MHC class I Abs were intrabronchially administered into mice.5 In this model, the animals
developed classic OAD lesions as manifested by epithelial hyperplasia, cellular infiltration
around the bronchiole, luminal occlusion and fibrosis around the smaller bronchioles.
However, there are limitations for this model too. Direct intrabronchial administration of
MHC class I Abs is considered as non physiological and there is lack of persistent histologic
evidence for airway epithelial damage at day 30 even though one can notice epithelial cell
damage at the early periods following administration of antibodies to MHC.

To determine the mechanisms by which Abs to MHC may induce infiltration of cells into
the lungs and the specific role of various infiltrating cell subpopulations in the pathogenesis
of OAD, we performed passive transfer experiments. Administration of either suboptimal
dose of the anti-MHC class I or passive transfer of T cells did not elicit OAD lesions.
However, when administered together the animals developed OAD, thus strongly suggesting
that the initial alloimmune insult exerted by the suboptimal anti-MHC was necessary for
subsequent insult by the T cells. Passive transfer of CD8+ T cells resulted in enhanced
neutrophil accumulation. Therefore, CD8 cells played a key role in accentuation of a series
of initial inflammatory cascades of innate immune responses which is also obligatory for the
development of OAD. In contrast, passive transfer of CD4+ T cells caused 4-5 fold higher
fibrosis (figure 4) and humoral immune responses (figure 6) over CD8 transfer. Further,
increased Th17 responses to ColV and Kα1T were also noticed in CD4 treated animals
(figure 6). Previous studies from our laboratory have demonstrated that targeted ablation of
Treg in the anti-MHC induced murine OAD model accentuated Th17 response.6 Further, in
our current studies using either CD8 and CD4 cohorts demonstrated that there was decreased
CD4+Foxp3+ T reg cells (less than 1.5%) infiltrating by day 30 (data not shown). These
results are in good agreement with those reported by Hayward et al16 in a murine
autoimmune myocarditis model, in which they demonstrated that upon passive transfer of
memory T cell subsets, CD8 cell exerted an initiator role while CD4 cells induced an
autoimmune effector response. Passive transfer of CD4+ T cells also induced pro-
inflammatory cytokine, IL-6, response (Figure 7). The roles of IL-6 in the induction of Th17
cells leading to autoimmune responses are well recognized. In vitro studies as well as knock-
out models of rheumatoid arthritis have established that IL-6 can stimulate the production of
IL-17 resulting in autoimmunity.17 IL-17 is a potent pro-inflammatory and pro-fibrotic
cytokine leading to enhanced autoimmune response and fibrosis.18, 19 IL-17 has also been
shown to play a crucial role in the induction of humoral responses to self-Ags.20 Hence, we
propose that the IL-17/Th17 polarization of the memory CD4 T cells is a critical mediator in
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the alloimmune mediated autoimmune response following administration of the MHC class I
Abs, resulting in the development of OAD.

Administration of anti-MHC class I, resulted in increased serum concentration of Abs to
self-Ags, ColV and Kα1T, prior to the development of OAD in animal models 5 and de
novo development of Abs to donor mismatched HLA precedes BOS following human lung
transplantation.10 In this report we demonstrate that CD4+ T cells play the major role in
eliciting humoral immune response to self-Ags. This is not surprising since CD4 T cells are
indeed helper cells for B cells towards production of Abs.21 This is also supported by our
earlier report demonstrating an obligatory role for B cells towards development of OAD
induced by administration of Abs to MHC.22 Taken together we propose that CD4+ T cells
induce increased B cell infiltration and production of both humoral and cellular immune
responses to lung associated self-Ags resulting in the development of OAD. However, the
exact role of the priming by suboptimal dose of MHC class I Abs in this current adoptive
transfer study needs further investigation. Previous studies from our group3 and seminal
work from Dr. Reed’s laboratory23-25 demonstrate that following ligation HLA class I by its
specific Abs can induce activation of epithelial and endothelial cells by mTOR and src-
kinase pathways, which we propose may also induce the initial priming effect by the
suboptimal dose of MHC class I abs in our current study. Although a possible priming effect
of the suboptimal dose of MHC class I Abs could also be in part due to activation of
memory T- and B-cells. The mechanisms by which anti-MHC primes needs further study
including the assessment of destruction of transferred T cell subsets by the resident
macrophages in the naïve animals.

In conclusion, we demonstrate an initiator role for the CD8 T cells and effector role for CD4
T cell subsets including development of both cellular and humoral immune responses to
lung associated self -Ags leading to OAD. We propose that ligation of MHC molecules on
the airway epithelial or endothelial cells by its specific Abs induce an initial innate
(neutrophils, macrophages) response. This leads to exposure of self-Ags and their eventual
presentation by the late infiltrating CD4+ T cells and B cells. This late response leads to
IL-17 immune responses to tissue restricted self-Ags and activation of pro-fibrotic cascades
leading to OAD. Our results provides evidence for a unique role for de novo developed Abs
to mismatched donor MHC in activating cellular immune responses which elicits immune
responses to self-Ags leading to chronic rejection.
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Figure 1.
Isolation of lung infiltrating lymphocytes (LILs) on day 30 from our murine alloimmune
model (n=5) following MHC class I Abs administration on day 1, 2, 3, 6 and weekly. (A)
MACS beads purified CD3+ T cells with a purity of 94±3%. The CD8+ T cells in the CD3+
fraction amounted for 21±5% (B), and CD4+ T cell fraction amounted for 63±9% (C). The
CD3+ T cells were further positively selected for CD8+ (D) and CD4+ (E) T cells with
>90% purity. The data were obtained by pooling of LILs from 5 different animals which
developed OAD and represented as mean ± SEM.
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Figure 2.
Induction of OAD by adoptive transfer of CD8+ T cell subsets from LILs of C57BL/6
animals with OAD (following administration of 200 μg of Abs to MHC class I
intrabronchially to C57Bl/6 mice on days 1, 2, 3, and 6, and weekly thereafter) into naïve
animals with single dose of Abs to MHC class I. Representative H&E stain, (A-C);
trichrome stain, (D-F); of the sections taken from day 30, following suboptimal single dose
200 μg MHC class I Abs administration (A and D), pure 10 million CD8+ T cell transfer (B
and E) and CD8+ T cell transfer along with suboptimal single dose 200 μg MHC class I
Abs administration (C and F). Morphometric analyses on the sections to measure cellular
infiltration (G), luminal occlusion (H), and fibrosis (I) from various groups. A dose
dependent increase in lesions upon adoptive transfer of 0.1, 1 and 10 million CD8 T cell
transfer; suboptimal single dose 200 μg MHC class I Ab administration (grey), pure CD8 T
cell transfer (cross-line) and CD8 T cell transfer along with suboptimal single dose 200 μg
MHC class I Abs administration (black). Representative of 5 different sections and
presented as mean ± SEM; the significance (p-value <0.05) was determined by student t-
test; (*) p-value <0.05, statistically significant different between the comparison groups; (#)
p-value >0.5, statistically insignificant difference between the comparison groups.
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Figure 3.
Induction of OAD by adoptive transfer of CD4+ T cell subsets from LILs of C57BL/6
animals with OAD (following administration of 200 μg of Abs to MHC class I
intrabronchially to C57Bl/6 mice on days 1, 2, 3, and 6, and weekly thereafter) into naïve
animals with single dose of Abs to MHC class I. Representative H&E stain, (A-C);
trichrome stain, (D-F); of the sections taken from day 30, following suboptimal single dose
200 μg MHC class I Abs administration (A and D), pure 10 million CD4+ T cell transfer (B
and E) and CD4+ T cell transfer along with suboptimal single dose 200 μg MHC class I
Abs administration (C and F). Morphometric analyses on the sections to measure cellular
infiltration (G), luminal occlusion (H), and fibrosis (I) from various groups. A dose
dependent increase in lesions upon adoptive transfer of 0.1, 1 and 10 million CD4 T cell
transfer; suboptimal single dose 200 μg MHC class I Abs administration (grey), pure CD4 T
cell transfer (cross-line) and CD4 T cell transfer along with suboptimal single dose 200 μg
MHC class I Abs administration (black). Representative of 5 different sections and
presented as mean ± SEM. The significance (p-value <0.05) was determined by student t-
test; (*) p-value <0.05, statistically significant different between the comparison groups; (#)
p-value >0.5, statistically insignificant difference between the comparison groups.
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Figure 4.
Comparision of cellular infiltration (A), luminal occlusion (B) and fibrosis (C) among
various groups: (1) suboptimal single dose MHC class I Abs administration group; (2) native
alloimmune OAD group; (3) CD8 transfer along with suboptimal single dose MHC class I
administration group; and (4) CD4 transfer along with suboptimal single dose MHC class I
Abs administration group. Representative of 5 different sections and presented as mean ±
SEM; the significance (p-value <0.05) was determined by student t-test; (*) p-value <0.05,
statistically significant different between the comparison groups; (#) p-value >0.5,
statistically insignificant difference between the comparison groups.
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Figure 5.
Analyses of the frequency of the phenotype of the infiltrating cells on day 30 following
adoptive transfer of T cell subsets from OAD (following administration of 200 μg of Abs to
MHC class I intrabronchially to C57Bl/6 mice on days 1, 2, 3, and 6, and weekly thereafter)
into naïve animals with single dose of Abs to MHC class I. (A-D) Analyses of CD11b+
infiltrating cells, representing monocyte/macrophage infiltration. The frequency of CD11b+
infiltrating cell phenotype among various groups include: sub optimal single dose MHC
class I Abs group = 11.6±2.8% (A); native OAD group= 31.3±6.7% (B); CD8 transfer along
with single dose MHC class I Abs administration group = 58.9±9.2% (C); and CD4 transfer
along with single dose MHC class I Abs administration group = 19.6±4.1% (D). There was a
statistically significant difference between the native alloimmune OAD and CD8 (p-value
<0.05); CD8 and CD4 (p-value <0.01), and the native alloimmune OAD and CD8 (p-value
<0.05) groups. (E-H). Analyses of CD19+ infiltrating cells, representing B-cell infiltration.
The frequency of CD19+ infiltrating cell phenotype among various groups include:
suboptimal MHC class I Ab group = 3.1±1.6% (E); native alloimmune OAD group =
14.3±2.7% (F); CD8 transfer along with single dose MHC class I administration group =
7.3±1.9% (G); and CD4 transfer along with single dose MHC class I Abs administration
group = 22.4±3.6% (H). There was a statistically significant difference between the native
alloimmune OAD group and CD8 group (p-value <0.05); CD8 and CD4 (p-value <0.01),
and native alloimmune OAD group and CD8 (p-value <0.05) groups. (I) MPO assay on the
infiltrating cells, representing neutrophil infiltration. The absorbance value (ΔOD) of the
infiltrating cells among various groups include: suboptimal single dose MHC class I Abs
administration group = 0.11±0.03; native alloimmune OAD group = 0.42±0.09; CD8
transfer along with single dose MHC class I Abs administration group = 0.83±0.12; and
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CD4 transfer along with single dose MHC class I Abs administration group = 0.27±0.07.
There was a statistically significant difference between the native alloimmune OAD and
CD8 (p-value <0.05); CD8 and CD4 (p-value <0.01), and native alloimmune OAD and CD8
(p-value <0.05) groups. Data were collected from 5 different animals and presented as mean
± SEM. The significance (p-value <0.05) was determined by student t-test; and represented
by asterick (*).
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Figure 6.
(A-B) Analyses of Abs to self-Ags and cellular responses to self-Ags from day 30 following
passive transfer. Serum concentration of Kα1T (A) and ColV (B) Abs among various
groups. (C-H) Analyses of cellular immune responses to self-Ags following passive transfer.
(C-E). Frequency of IL-10 (C), IFN-γ (D) and IL-17 (E) secreting splenocytes specific to
Kα1T; and (F-H) frequency of IL-10 (F), IFN-γ (G) and IL-17 (H) secreting splenocytes
specific to ColV. Various groups include: (1) suboptimal single dose MHC class I Abs
administration group; (2), native alloimmune OAD group; (3), CD8 transfer along with
suboptimal single dose MHC class I Abs administration group; and (4), CD4 transfer along
with suboptimal single dose MHC class I Abs administration group. Data were collected
from 5 different animals and presented as mean ± SEM. The significance (p-value <0.05)
was determined by student t-test; (*) p-value <0.05, statistically significant different
between the comparison groups; (#) p-value >0.5, statistically insignificant difference
between the comparison groups.
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Figure 7.
Analyses of the mRNA level gene expression of pro-inflammatory chemokines (A-D; TNF-
α, IL-8, IL-1β and IL-6, respectively) and profibrotic growth factors (E-G; VEGF, HGF,
and bFGF, respectively) from day 30 following passive transfer. Various groups include: (1)
suboptimal single dose MHC class I Abs administration group; (2), native alloimmune OAD
group; (3), CD8 transfer along with suboptimal single dose MHC class I Abs administration
group; and (4), CD4 transfer along with suboptimal single dose MHC class I Abs
administration group. Data were collected from 5 different animals and presented as mean ±
SEM.The significance (p-value <0.05) was determined by student t-test; (*) p-value <0.05,
statistically significant different between the comparison groups; (#) p-value >0.5,
statistically insignificant difference between the comparison groups.
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