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Abstract

Background—The IL-17 axis is implicated in pathogenesis of chronic rejection following
human lung transplantation. Using a murine model of obliterative airway disease (OAD), we
recently demonstrated that Abs to MHC class | antigens can induce immune responses to self-
antigens that contributes to immunopathogenesis of chronic rejection. Using a murine model of
OAD, we determined the role of IL-17 family members in induction of autoimmunity leading to
OAD following ligation of MHC class I.

Methods—Anti-MHC class | or control antibodies (Abs) were administered intrabronchially to
wild-type (WT) and IL-17a knock out (IL-17A-/-) C57BL/6.

Results—By day 30, anti-MHC | administered endobronchially in IL-17A~/- mice demonstrated
significant reduction in cellular infiltration, a 36.8% reduction in CD4* T cells, 62.7% in CD11b*
macrophages, 37.5% in degree of fibrosis, 1.94 fold and 2.17 fold decrease in anti-KAT and anti-
Col-V respectively when compared to wild type mice. Analysis of lung infiltrating cells in anti-
MHC | WT revealed increase in IL-17A (KAT:92+21,Col-V:103+19spm) and IL-17F (KAT:
5.03%,Col-V:2.75%) secreting CD4+ T cells. However, administration of anti-MHC I in IL-17A
—/- demonstrated increase only in IL-17F for KAT (13.70%) and Col-V (7.08%). Anti-I1L-17(A-F)
mAb administration following anti-MHC | abrogated OAD in both WT and IL-17A-/-.

Conclusion—Our findings indicate that IL-17A and IL-17F secreted by CD4+Th17 cells
specific to lung self-antigens are critical mediators of autoimmunity leading to the pathogenesis of
OAD.

Address correspondence to: T. Mohanakumar, Ph.D., Washington University School of Medicine, Department of Surgery Box 8109,
3328 CSRB, 660 S. Euclid Ave St Louis MO 63110, Telephone: (314) 362-8463, Fax: (314) 747-1560, kumart@wustl.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Authorship:
HB, SR, AP and TM participated in research design; _HB, SR and TM_ participated in the writing of the paper; HB, MT, VT, DN,
NB participated in the performance of the research; _ HB, VT, DN, SR and TM participated in data analysis.

The authors have no financial conflicts of interest.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Basha et al.

Page 2

Introduction

Results

Bronchiolitis Obliterans Syndrome (BOS) is an obstructive lung disease that leads to
constriction of small airways (terminal bronchioles) by inflammation and fibrosis. BOS is
clinically diagnosed with a progressive decline in forced expiratory volume in 1 second
(FEV1) of >20% from baseline (1). Various etiological factors including acute rejection,
respiratory viral infections, gastro esophageal reflux have been implicated as independent
risk factors for the development of BOS following human lung transplantation (LTx) (2).
Studies from our lab and others have shown that development of antibodies to mismatched
donor HLA correlates with the development of chronic rejection following transplantation
(3, 4). A recent study from our lab has also demonstrated that development of anti-MHC
precede development of autoimmune responses and contribute to development of BOS (5).
Several reports have demonstrated that antibodies (Abs) and T cell mediated responses to
donor mismatched HLA antigens and self-antigens in the lung, K-a-1 tubulin (KAT) and
Collagen-V (Col-V) contribute to immunopathogenesis of BOS (6-11).

Using a murine model of obliterative airway disease (OAD), we recently demonstrated that
Abs to MHC class | antigens can induce immune responses to self-antigens that contributes
to immunopathogenesis of chronic rejection (12). Intrabronchial administration of Abs to
MHC class | resulted in cellular infiltration surrounding bronchioles, epithelial hyperplasia,
fibrosis and luminal occlusion. Analysis of lung infiltrating lymphocytes (LIL) revealed
predominance of IL-17 secreting CD4+T cells reactive to KAT and Col-V. It has been
previously demonstrated that pro-inflammatory Th17 cells secrete not only IL-17A but also
IL-17 B-F, IL-21, 1L-22, IL-23 (13, 14). Among the IL-17 family members secreted by CD4
T cells, IL17F bears close structural homology (~60%) to IL-17A and play a significant role
in neutrophil recruitment and chemokine secretion (14). Therefore, in addition to IL-17A,
IL-17F may also play an important role in induction of OAD.

Members of the IL-17 family (IL17 A-F) share a similar protein structure with four cysteine
residues that are critical for their three dimensional shape (15). IL-17 has been shown to
induce the production of various cytokines (IL-6, GM-CSF, IL-1b, TGF-b), chemokines
(IL-8, Gro-1, MCP-1) and prostaglandins (16) and facilitate infiltration of various cells
including neutrophils, playing a critical role in airway remodeling, autoimmune disease and
allograft rejection (17, 18). Overexpression of IL-17F gene in murine airways is associated
with inflammation through increased airway neutrophilia, induction of cytokines, increased
airway hyperreactivity, and hypersecretion of mucus (19). Several studies using IL-17A and
IL-17F deficient animals have demonstrated that IL-17A and IL-17F play distinct roles in
humoral immunity, inflammatory responses and immunity to bacterial infections (19).
Studies in the literature have also demonstrated that deficiency in one member leads to
compensation by other members (19) .

Decreased induction of cellular infiltration around bronchioles and vessels, epithelial
hyperplasia and fibrosis in IL-17A—/— following administration of MHC Class | Abs

To identify the role of individual 1L-17 family cytokines in pathogenesis of anti-MHC class
| mediated autoimmunity and OAD, anti-H2KP or control C1.18.4 Abs were administered
intrabronchially in IL-17A™~ and WT C57BL/6 mice. H&E (Figure 1a) and trichrome
staining (Figure 1b) of the lungs demonstrated that administration of anti-MHC resulted in a
significantly lower injury in the IL-17A™~ when compared to the wild type mice. Anti-
H2KP administered IL-17A~/- mice compared to WT demonstrated a 36.8% reduction in
frequency of CD4* T cell, 62.7% reduction in frequency of CD11b* macrophage and 37.5%
reduction in fibrosis around bronchioles by day 30 (Figure 1c). These findings suggest that
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IL-17A may play a significant role in induction of OAD following anti-H2KP administration
into the lung. However, IL-17A-/- were not resistant to development of OAD following
anti-H2KP administration, as evidenced by significant peribronchial cell infiltrates
(44.8%vs7.5%), fibrosis (19.5%vs1.4%) and epithelial hyperplasia (17.3%vs2%) compared
to control treated 1L-17A~/- animals (Figure 1d). These findings indicate the possible
involvement of other IL-17 family members besides IL-17A in pathogenesis of OAD.

Loss of CD4*CD25*Foxp3* Tregs is accompanied by development of Abs to KAT and Col-
Vin lungs of IL-17A—/— and WT mice following anti-MHC class | administration

Flow cytometric analysis of frequency of Tregs in lungs of anti-H2kb treated mice revealed
a 3 fold reduction in WT mice (anti-H2kb:5.01%; C1.18.4:15.15%, p=0.02) and 2 fold
reduction in IL-17A-/- mice (anti-H2kb:7.31%; C1.18.4:13.72%, p=0.03, Figure 2A). Anti-
H2KP administered IL-17A-/ demonstrated 1.94 fold and 2.17 fold reduction in Abs to KAT
and Col-V respectively compared to WT mice in BAL (Figure 2B). However, levels of anti-
KAT (antiH2kb:39+5mcg/ml, C1.18:3+6mcg/ml) and anti-Col-V (anti-H2kb:41+11mcg/ml,
C1.18:2+2mcg/ml) Abs in antiH2kb treated 1L-17A-/ animals were significantly higher than
control animals. A decrease in the percentage of Tregs in lung infiltrating lymphocytes
(LIL) accompanied with an increase in autoantibodies in BAL in both WT and IL-17A-/-
mice treated with anti-H2Kb suggests that other IL-17 family members may be involved in
the development of autoimmunity in OAD.

Induction of autoreactive CD4+ T cells which predominantly secrete IL-17A and IL-17F
following anti-MHC class | administration

Lung infiltrating cells were analyzed for frequency of CD4+ T cell secreting IFN-y, IL-4,
IL-17A and IL10 specific to KAT and Col-V by ELISPOT (Fig.3A,C,E,G). The frequency
of IL-17F secreting CD4+ T cells specific to self-antigens was determined by flow
cytometry (Figure 3B,D,F,H). A significant increase in frequency of IL-17A secreting CD4+
T cells specific to KAT (92+21spm) and Col-V (103+19spm) was observed in lungs of anti-
H2kb treated WT mice compared to control animals. An increased frequency of IL-17F
secreting CD4+ T cells specific to KAT (IL-17A-/-:13.70% vs. WT:5.03%) and Col-V
(IL-17A-/-:7.08% vs. WT:2.75%) was noted in anti-H2Kb treated IL-17A—/- mice
compared to WT mice. No statistically significant difference was seen in levels of IFN-y,
and IL-4 secreting CD4+ T cells between IL-17A-/- and WT administered with anti-H2kb.
Administration of anti-MHC in the wild type mice resulted in a decrease in the frequency of
IL-10 secreting T cells when compared to the isotype administered mice, whereas in the case
of IL-17A —/- mice there was no statistically significant difference in the frequency of IL-10
secreting T cells between the anti-MHC and isotype ab administered mice. Overall, these
results indicate that IL-17A and IL-17F secreted by autoreactive CD4+ lung infiltrating cells
play significant role in induction of Abs to KAT and Col-V following administration of anti-
MHC class I.

Increased induction of IL-17A and IL-17F mediated inflammatory cascades following anti-
MHC class | administration

To investigate the potential role of known Th17 associated inflammatory cytokines in
induction of autoimmunity following MHC class | ligation, a RT2 profiler PCR array for
Th17 inflammation and autoimmunity was performed using total RNA extracted from whole
lung RNA from WT and IL-17A-/ mice following administration of anti-H2KP or isotype
control Abs. Anti-H2KP administration in IL-17A-/- resulted in significant increase in
levels of IL-17F (7.80 fold, p=0.002) alone but not IL-17A (6.4 fold), IL-17B (-0.28 fold),
IL-17C (-0.23 fold), IL-17D (-0.70 fold), IL-17E (-0.49 fold), IL-6 (—4.01 fold),
IL-21(—3.84 fold) and 1L-23(-6.18 fold) compared to WT (Figure 4A). Anti-H2Kb
administered 1L-17A-/- demonstrated a significant increase in levels of IL-17RC (3.2 fold)
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and TRAF-6 (2.3 fold) but not IL-17RA (-2.70 fold). Anti-H2Kb administered IL17A-/-
demonstrated a significant increase in the levels of CXCL1 (5.2 fold), CXCL2 (3.2 fold) and
significant reduction in levels of CXCL12 (-2.10 fold), CCL7 (4.24 fold) and CX3CL1
(-3.12 fold) (Figure 4b). Anti-H2Kb administered IL-17A-/- demonstrated differential
induction of MMP-3 (6.2 fold), MMP-9 (-3.1 fold) and MMP-13 (-2.8 fold) (Figure 4c).
These results indicate that increased expression of IL-17F, its receptor, IL-17RC and
downstream signal transducer TRAF-6 in IL-17A-/- was accompanied by induction of
chemokines CXCL1, CXCL2 and MMP-3 following administration of anti-MHC class |
Abs in the lung. No significant difference in expression of other cytokines, chemokines and
MMPs analyzed in this panel were identified in both WT and IL-17A~/- between anti-H2kb
and C1.18.4 treated animals. This indicates that IL-17A and IL-17F may result in
upregulation of proinflammatory mediators that mediate OAD.

Neutralization of IL-17F in IL-17A—/— mice following administration of anti-MHC class |
results in abrogation of OAD lesions and autoimmunity to lung self-antigens, KAT and Col-

\Y

Neutralizing pan specific mAbs to IL-17(A-F) or control Abs (50pg i.v) were administered
immediately following anti-H2kP in IL-17A-/- C57BL/6 mice on days 1,5,12 and 26.
Administration of pan specific Abs to I1L-17(A-F) following anti-H2k? administration in
IL-17A-/- resulted in significant reduction of cell infiltrates around bronchioles and vessels
accompanied by marked reduction in levels of Abs to KAT (4.5 fold) and Col-V (3.6 fold)
in BAL fluid by day 30 (Figure 5A,B).

Discussion

There is increasing evidence that Abs to mismatched MHC is a critical mediator in
immunopathogenesis of chronic rejection following transplantation (8, 20). Studies from our
lab has also demonstrated that development of antibodies to MHC precede the development
of autoantibodies to self-antigens and correlate with the development of BOS (5). The
ligation of Abs to MHC class | antigens expressed on epithelial and endothelial cells has
been shown to induce the activation of signaling cascades leading to upregulation of MHC
class Il molecules, secretion of inflammatory cytokines, chemokines, fibrogenic growth
factors and adhesion molecules (21, 22). The anti-MHC class | Abs induced activation of
inflammatory cascades in the allograft leads to neutrophil and mononuclear infiltration (21).
The ensuing inflammatory milieu often leads to exposure of previously sequestered
immunogenic domains of self-antigens (23). Inflammation following GERD, respiratory
viral infection can also predispose to development of BOS following human LTx (24).
Recent studies have suggested a critical role for Abs and T-cell mediated responses to
pulmonary self-antigens, KAT and Col-V in the pathogenesis of chronic rejection following
human LTx (10, 11). A recent longitudinal study of post-LTx recipients demonstrated that
increased incidence and severity of BOS is associated with strong Col-V specific responses
dependent on IL-17 (10). IL-17A, a prototype member of IL-17 family, which also includes
IL-17B, IL-17C, IL-17D, IL-17E and IL-17F play a crucial role in the pathogenesis of
inflammatory and autoimmune diseases (25-27).

In this study, we determined the role of IL-17 family members in the induction and
progression of autoimmunity induced by anti-MHC class | Abs leading to OAD.
Histopathological analysis of WT lungs treated with anti-H2KP but not isotype control Abs
revealed a significant CD4+ and CD11b+ cellular infiltration around bronchioles and
vessels, epithelial hyperplasia and fibrosis (Figure 1a, b, ¢ &d). Importantly, we
demonstrated the induction of autoimmunity to pulmonary self-antigens, KAT and Col-V
following ligation of Anti-H2KP in lung. This was noted by the detection of a high
frequency of CD4+ T cells infiltrating the lungs specific to KAT and Col-V and a high titer
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of Abs to KAT and Col-V in the serum and BAL fluid of mice. Regulatory T cells play a
crucial role in regulation of 1L-17 responses against self-antigens (28). The loss of
regulatory T cells precedes the development of immune responses against self-antigens and
BOS development in LTx (29). In this study we observed a 3 fold reduction in WT mice and
2 fold reduction in IL-17A-/- mice (Figure 2A). A decrease in the percentage of Tregs in
LIL accompanied with an increase in autoantibodies in BAL in both WT and IL-17A-/-
mice treated with anti-H2Kb suggests that other IL-17 family members may be involved in
the development of autoimmunity in OAD.

IL-17F is a member of the IL-17 family of cytokines with significant homology to IL-17A
and is secreted by CD4+ Th17 cells. Several studies have identified 1L-17F to mediate
inflammation in disease conditions commonly associated with IL-17A, by forming a
biologically active heterodimer complex, IL-17A/F (30, 31). The CD4+ T cell infiltrates in
the lung specific to KAT or Col-V predominantly secreted both IL-17A and IL-17F.
Administration of pan specific neutralizing Abs to IL-17 following anti-MHC class |
administration resulted in abrogation of peribronchial cell infiltrates and significant decline
in auto-Abs to KAT and Col-V. However, IL-17A-/- mice administered with anti-H2KP
were not completely resistant to development of autoimmunity to KAT and Col-V and
demonstrated peribronchial cell infiltrates comprising of CD4+ T cells and CD11b+
macrophages. This was accompanied by a 36.8% reduction in CD4+ cells, 61.6% decrease
in CD11b+ infiltrates and 37.5% reduction in fibrosis in IL-17A —/- compared to wild type
administered with anti-MHC class | Abs (Figure 1). Interestingly, 1L-17A-/— mice revealed
a 7.81 fold increase in IL-17F mRNA levels but not IL-17A, IL-17B, IL-17C, IL-17D,
IL-17E following anti-H2KP administration. IL-17A—-/- mice demonstrated CD4+ T cells
secreting IL-17F, reduced frequencies of IFN-y and no change in IL-4 secreting CD4+ T
cells. These observations suggest that 1L-17F along with other cytokines and chemokines
could play a role in the induction of these lesions in the IL-17A-/- mice following
administration of anti-MHC antibodies.

IL-17 signals through heteromeric single phase type | transmembrane receptors, IL-17RA
and IL-17RC which are widely distributed in the lung (30). A significant increase in
IL-17RA and IL-17RC levels was noted in both WT and IL-17A animals administered with
anti-H2K?P (data not shown). Lack of IL-17A resulted in increased expression of IL-17F,
IL-17RC and its downstream adapter, TRAF-6. However, the decreased levels of Th17
related inflammatory cytokines, IL-6, IL-21, IL-23 and chemokines (CXCL12, CCL7 and
CX3CL1) in the lungs of IL-17A-/- mice suggested a significant difference in the relative
potencies of IL-17A and IL-17F. IL-17 has been shown to induce auto-Abs formation
through CXCL12 (31). Lack of IL-17A resulted in 2.10 fold reduction in CXCL12 levels
which was associated with 1.94 and 2.17 fold reduction in levels of auto-Abs to KAT and
Col-V respectively following anti-MHC class | Ab administration. These findings indicate
that IL-17A and IL-17F exhibit overlapping functions in the induction of autoimmunity
following ligation of MHC class | molecules in the lung. Furthermore, neutralization of all
IL-17 members in IL-17A-/- following administration of anti-H2KP resulted in diminution
of cell infiltrates around bronchioles and importantly, decreased auto-Ab titers to KAT (4.5
fold) and Col-V (3.6 fold) (Figure 5). Overall, these findings are consistent with our
hypothesis that ligation of MHC class I in the lung induces autoimmunity in a Th17
dependent manner, that results in fibro-obstructive airway diseases including chronic lung
allograft rejection.

In summary, our findings indicate that IL-17A and IL-17F secreted by CD4+Th17 cells
specific to lung self-antigens are critical mediators of autoimmunity leading to fibro-
obstructive airway diseases including OAD. Although less potent in the induction of auto-
Abs to pulmonary self-antigens following anti-MHC class | administration, IL-17F functions
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differently compared to IL-17A by activating a distinct profile of chemokine and MMP
expression in the lung. The neutralization of both IL-17A and IL-17F using pan specific
mADbs represent an effective and viable therapeutic strategy to prevent the induction and
development of de novo autoimmunity to pulmonary self-antigens leading to fibro-
obstructive airway diseases including OAD following LTx.

Materials and Methods
Murine model of Anti-MHC Class | Ab induced OAD

Six to eight week old, male, WT C57BL/6 mice were purchased from Jackson laboratories.
IL-17A knockout mice (IL-17A~) were a gift from Dr. John Russell at Washington
University. Anti-MHC class | Abs (anti-H2KP, 200ug, clone AF6.88.5, BioXcell Inc. West
Lebanon, NH) or matched isotype control Abs (C1.18.4, 200ug) were administered
intrabronchially (12). 200ug of endotoxin free anti-H2KP or control Ab, C1.18.4 was
administered on days 1, 2, 3, and 6, and weekly thereafter (n=5 each). Animals were
sacrificed on days 15, 30 and lungs, bronchoalveolar lavage (BAL) fluid, serum and spleen
were harvested. All experiments were performed in compliance with guidelines of
Institutional Laboratory Animal Care and Use Committee of Washington University School
of Medicine.

Histopathological and immunohistochemical analysis

Lung sections were evaluated for peribronchial cellular infiltration, epithelial abnormalities,
luminal occlusion of bronchioles and fibrosis following H/E and Masson’s Trichrome
staining. Morphometric analysis of percentage cellular infiltration was calculated by
dividing number of affected bronchioles by total number of bronchioles in a low power field
(x100). Degree of epithelial abnormalities was assessed by dividing number of abnormal
epithelial cells divided by total number of epithelial cells in a low power field (x100).
Percentage fibrosis was calculated using Optimas software version 6.5.172 (Media
Cybernetics). Immunohistochemical analysis for CD4, CD8, CD11b and CD19 was
performed on tissue sections obtained from lung embedded in Freez Tissue Matrix (OCT) as
described earlier (12).

Isolation of lung infiltrating lymphocytes

Lung infiltrating lymphocytes (LILs) were isolated from Abs administered mice on days 15
and 30 as described previously (12). LILs (2x106 cells/ml) were stimulated with either KAT
(1.0pg/ml) or Col-V (20.0pg/ml) or media alone for 3-5 days in a humidified 5%CO
incubator at 37°C. CD4+ T cells were enriched (>98% data not shown) using negative
selection kit (Stem cell Technologies, Canada). CD4 depleted LILs were irradiated at 3000
rads and used as antigen presenting cells (APCs) for performing CD4+ T cell based
immunoassays.

Flow cytometry

Anti-mouse FITC-CD4, PE-CD25, PerCP-Foxp3 and corresponding isotype control Abs
(BD Pharmingen), Alexa Fluor 488 anti-mouse IL-17F (eBioscience) were obtained. For
IL-17F staining, CD4+ T cells were stimulated with either KAT (1.0ug/ml) or Col-V
(20.0pug/ml). Monensin (2uM, eBioscience) was added during the last 5 hrs of /n vitro
activation of CD4+ cells. Phytohemagglutinin (1ug/ml) served as positive control and cells
incubated in medium alone served as negative controls. Following FcR blocking with CD16/
CD32 (eBioscience) cells were stained with FITC-CD4 and PE-CD25. Cells were
resuspended in 100ul of permeabilization buffer (eBioscience) containing 20ul of
flurochrome labeled Abs and analyzed in BD LSR |l analyzer (BD Biosciences).
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ELISPOT

ELISPOT assays were performed as described previously to determine the frequency of
CD4+ LILs secreting either IFN-y, I1L-4, IL-10 or IL-17 specifically to self-antigens, KAT
and Col-V (12). Phytohemagglutinin (1pg/ml) was used as positive control and cells in
medium alone were used as negative controls. Spots were analyzed in an ImmunoSpot
Series | analyzer (Cellular Technology).

ELISA for detection of Abs to KAT and Col-V

Abs titers to KAT and Col-V in BAL samples were measured using ELISA (13).
Concentration of Abs was expressed as pug/ml based on a standard curve using the binding of
known concentration of anti-KAT or anti-Col V Abs (Santa Cruz Biotechnology).

Quantitative real time PCR array for gene expression

To determine the gene expression profile of 84 different cytokines, cytokine receptors,
chemokines, matrix metalloproteinases, and signaling intermediates associated with
induction of autoimmunity, total RNA extracted from LILs and lung tissues of anti-H2Kb or
isotype controls were analyzed by RT2 Profiler PCR Array for mouse Th17 for
autoimmunity and inflammation (SAbiosciences).

Neutralization Experiments

To determine the role of IL-17 cytokine family members in autoimmunity following anti-
H2kP administration, we administered 50ug of pan-specific mAb to IL-17(R&D Systems,
MN) or isotype goat 1gG on days 1, 5, 12 and 26 to WT and IL-17A-/- mice treated with
anti- H2Kb.
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Figure 1. Significant reduction in induction of cellular infiltration around bronchioles and
vessels, epithelial hyperplasia and fibrosis following ligation of anti-MHC class | Abs in
IL17A™"" mice

Anti-H2KP or control C1.18.4 Abs were administered intrabronchially in IL-17A deficient
(IL-17A~") and WT C57BL/6 mice. A: H&E staining of the lungs. Serial administration of
anti-H2KP Abs resulted in cellular infiltration around bronchioles and vessels, epithelial
changes including hyperplasia, fibrosis and luminal occlusion in both IL-17A deficient and
WT by day 30 compared to controls treated with C1.18.4 respectively. B: Trichrome
staining of the lungs. Collagen deposition around the bronchioles and vessels are stained
blue in color. C: Semiquantitative analysis of the cellular infiltrates in the lungs. D:
Morphometric analysis of the lungs. Semiquantitative analysis of the slides demonstrated
less significant lesions in IL-17A —/- mice compared to WT mice with respect to cellular
infiltration, epithelial hyperplasia, fibrosis and luminal occlusion.
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Figure 2. Loss of CD4+CD25+Foxp3+ regulatory T cells and Induction of autoAbs to pulmonary
self antigens, KAT and Col-V following ligation of anti-MHC class | Abs

(A) Flow cytometric analysis of the frequency of Tregs in the lungs of anti-H2kb treated
mice revealed a significant decline in the both IL-17A-/- (anti-H2kb- 7.31; C1.18.4-13.72)
and WT mice (anti-H2kb5.01; C1.18.4-15.15) compared to control mice. However, the
percentage decline in the frequency of Tregs was higher in WT (10.14%) compared to
IL-17A-/- (6.41%) treated with anti-H2kb. (B) Levels of antibodies against the self
antigens KAT and Col-V in BAL were measured by ELISA. The titers of the antibodies are
presented as mean + SD (ug/ml). A significant increase in the titer of Abs to both KAT and
Col-V was observed in anti-H2kb treated IL-17A—/- and WT mice.
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Figure 3. Induction of autoreactive CD4+ T cells which predominantly secrete IL-17A and
IL-17F following administration of anti-MHC Class | Abs

Lung infiltrating T cells were isolated from the lungs of IL17A —/- and wild type mice
treated with anti-H2Kb or control antibody (n=5 each, the figures shown are a representative
of 5 mice). The frequency of T cells secreting IFN-y, IL-4, IL-17A and IL-10 specific to
KAT and Col-V were measured by ELISPOT (Figure 3, A,C,E,G) and presented as means +
SD. The frequency of IL-17F secreting CD4+ T cells specific to self antigens were
determined by flow cytometry (Figure 3, B,D,F,H). A significant increase in the frequency
of IL-17A secreting CD4+ T cells specific to KAT and Col-V was observed in the lungs of
anti-H2kb treated WT mice compared to control animals. An increased frequency of IL17F
secreting CD4+ T cells specific to KAT (IL-17A-/-:13.70% vs WT: 5.03%) and Col-V
(IL-17A-/:7.08% vs WT: 2.75%) was noted in anti-H2Kb treated I1L-17A—/— mice
compared to WT mice. No significant difference was seen in the levels of IFN-y, IL-4 and
IL-10 secreting CD4+ T Cells specific to KAT and Col-V was seen between IL-17A-/- and
WT administered with anti-H2kb.
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Figure 4. Increased induction of IL-17A and IL-17F mediated inflammatory cascades following
anti-MHC class | administration

Total RNA from the lungs of anti-H2KB treated WT and IL-17A—/- were extracted using
Trizol reagent and used for the expression profile of the signaling cascades intermediates in
the autoimmunity pathway using autoimmunity PCR array. The samples were normalized
using housekeeping gene expression and the results are expressed as fold expression
observed in IL17A —/- mice over expression observed in WT mice. Anti-H2KP
administration in IL-17A-/- resulted in significant increase in levels of IL-17F (7.80 fold)
but not IL-17A (-6.4 fold), IL-17B (-0.28 fold), IL-17C (-0.23 fold), IL-17D (0.70 fold),
IL-17E (-0.49 fold), IL-6 (—4.01 fold), IL-21(—3.84 fold) and IL-23(-6.18 fold) compared
to WT. Anti-H2Kb administered IL-17A~/- demonstrated a significant increase in levels of
IL-17RC (3.2 fold) and TRAF-6 (2.3 fold) but not IL-17RA (-2.70 fold). Anti-H2Kb
administered IL-17A-/ demonstrated a significant increase in the levels of CXCL1 (5.2
fold), CXCL2 (3.2 fold) and a significant reduction in the levels of CXCL12 (-2.10 fold),
CCLY7 fold (-4.24 fold) and CX3CL1 (-3.12 fold). Anti-H2Kb administered IL-17A-/-
demonstrated differential induction of MMP-3 (6.2 fold), MMP-9 (-3.1 fold) and MMP-13
(-2.8 fold).
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Figure 5. Neutralization of IL-17F following administration of anti-MHC class | Abs results in
abrogation of OAD lesions and autoimmune responses to lung self antigens, KAT and Col-V in

IL17A—-/- mice

In order to identify a role for IL-17 cytokine family in development of autoimmunity and
OAD, neutralizing pan specific Abs reactive to IL-17A-F or control Abs (50ug i.v) were
administered immediately following anti-H2kb in 1L-17A—/- mice on days 1,5,12 and 26.
(A ,B) administration of pan specific Abs to IL-17A-F following administration in IL-17A-/
- resulted in reduction of cell infiltrates around bronchioles and vessels accompanied by (C)
marked reduction in the levels of Abs to KAT (4.5 fold) and Col-V (3.6 fold) in the BAL

fluid by day 30.
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