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Abstract

Lung transplantation is considered a definitive treatment for many lung diseases. However,
rejection and other pathologic entities are major causes of morbidity and mortality for lung
transplant recipients. Primary graft dysfunction (PGD) and obliterative bronchiolitis (OB) are the
leading causes of early and late mortality, respectively. While the immune basis of PGD has not
been clearly defined, evidence is emerging about roles for autoantibodies in this process.
Similarly, the pathogenesis of OB has been linked recently to autoimmunity. This review will
highlight the current understanding of autoantibodies in PGD and OB post lung transplantation.
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1. Introduction and Overview

Lung transplantation is the only therapeutic modality for the treatment of many end stage
lung diseases. However, the lung is rejected more commonly than other solid organ
allografts. Chronic allograft dysfunction refers to a group of pathologic entities that
contribute to long term graft failure and mortality in the lung transplant patient. The
pathologic condition, obliterative bronchiolitis- OB, or its clinical correlate, bronchiolitis
obliterans syndrome — BOS, both contribute to chronic allograft dysfunction and are the key
reasons why the five year survival of lung transplant recipients is only 50% (1). OB/BOS is
highly prevalent post lung transplantation and occurs to some degree in at least 75% of
individual who survive seven years post transplant (2, 3). In most cases, the pathology of
OB is characterized by extensive peribronchiolar connective tissue deposition, loss of
bronchiolar epithelium, and progressive scarring which ultimately obliterates the small
airways. While there is some debate, proliferative forms of bronchiolitis obliterans have also
been considered as part of the spectrum of chronic allograft dysfunction. These lesions differ
from classic OB in that the histopathology may reveal proliferating fibrous plugs of
granulation tissue that protrude into and may ultimately obliterate small airways (2, 3).
Either pathologic entity leads to progressive and irreversible airways obstruction which is
the hallmark of BOS. Notable to OB/BOS is that the immunology and pathophysiology is
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focused on airway and not vascular injury in the donor lung. This distinction is important
since varying degrees of vascular injury are the key features of acute rejection in the lung
transplant recipient (1).

While OB and BOS are part of a spectrum of chronic allograft dysfunction, they are not the
only causes of mortality post lung transplantation. Primary graft dysfunction — PGD, an
entity that is characterized by varying degrees of non-cardiogenic pulmonary edema and
impaired systemic oxygenation occurring within 72 hour post transplantation, is the leading
cause of early mortality in lung transplant recipients (4, 5). PGD had been considered a
vascular injury pattern, not unlike ischemia reperfusion injury (IRI) that occurred in other
solid organ allografts. However, seminal studies from Dr. Keshavjee’s group were first to
report that the airway epithelium, and not vascular endothelium that is the target of IRI in
other solid organ allografts, is the primary target in what is now known as PGD (6).
Therefore, similar to OB/BOS, the airway is also the target of injury in PGD.

The pathophysiology of OB/BOS are incompletely understood but there is a clear role for
immune responses to donor antigens (anti-HLA), and more recently, immune responses to
autoantigens (7-13). While the anti-donor responses can involve direct and indirect
allorecognition pathways (14, 15), the recently described autoimmune basis for OB/BOS is
mediated by the indirect pathway. A potential immune basis for PGD has been debated for
several years. Recent studies show that interstitial lung disease, of which idiopathic
pulmonary fibrosis comprises the vast majority of this group is a major risk factor for PGD
(16). Reports from a number of investigators, including our group, have shown the presence
of autoimmunity in IPF pathophysiology (9, 17). Since PGD is a risk factor for OB/BOS (1),
then the autoimmune status of the recipient prior to transplantation could greatly impact
chronic allograft dysfunction post lung transplantation. However, the emerging role of
autoimmunity in OB/BOS and PGD is just now becoming recognized as a key part of these
disease processes.

Most studies have shown the cellular immune basis (T cell mediated) for autoimmunity post
transplantation, including the lung The role of humoral immunity, either to alloantigens or
autoantigens in solid organ allografts, other than the lung, is becoming widely accepted.
This is in part due to fairly specific histologic patterns plus evidence of complement product
deposition at sites of presumed humoral immunity (18-22). However, the role of humoral
immunity in lung allograft pathology such as OB/BOS or PGD is yet to be fully understood
both clinically and in terms of basic science mechanisms. This is due to a non-specific
histopathology ascribed to humoral immunity in the transplanted lung, as well as, the lack of
biomarkers that are indicative of humoral responses, either alloantibody or autoantibody-
mediated injury (22-24). For example, the presence of complement-derived C4d deposits in
kidney or heart allografts with the appropriate histopathology is highly suggestive of
antibody mediated rejection in those organs. Why is the lung different in this regard? The
immune response to alloantigens and autoantigens is believed to occur in the regional lymph
nodes with trafficking of effector cells/molecules back to the allograft where they mediate
pathology. However, the lung is able to mount its own immune responses, in situ, without
secondary lymphoid tissues, and these responses are sufficient to induce graft destruction
(25, 26). This is due to the development of inducible bronchus associated lymphoid tissue
known as iBALT which contains a full complement of antigen presenting cells, B and T
cells, that are able to induce local humoral and cellular immunity (27-29). As such, the lung
may function as a “lymph node with alveoli” (10). In addition, many immune cells in the
lung are phenotypically and functionally distinct relative to those associated with other solid
organs. Specifically, the function and subtypes of dendritic cells, key initiators of immune
responses, and T cells are somewhat unique (30). In general, these reports suggest that the
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types of cellular and humoral immune responses that occur in other organ allografts may not
be applicable to the lung.

Despite a lack of many reports, recent studies have identified a link of humoral
autoimmunity in the pathogenesis of OB/BOS, as well as PGD (8, 31). The current article
will discuss the human studies and animal models of OB/BOS and PGD as well as the
contribution of autoantibodies in disease pathogenesis.

2. Induction of Autoimmune Responses

2.1. Interleukin 17 - IL-17

Although the paradigm of Th1 and Th2 cells were introduced by Mosmann and Coffman, it
has been long recognized that not all immune responses fit into these groupings (32). In
organ transplantation, Thl cells, those that produced primarily IFNy, were associated with
rejection whereas Th2 cells, major sources of IL-4 and/or 1L-10, were considered to be
protective (33). However, multiple studies using mice genetically deficient in Th1l or Th2
cytokines revealed that rejection could occur though the tempo of the alloimmune response
may have varied, rejection still occurred (33). Data reported in non-transplant studies
revealed that another group of Th cells were involved in a variety diseases. Known as Th17
cells and defined by production of IL-17A — reviewed in (34), these cells are not only
important for host defense but also play a role in the pathogenesis of organ transplantation,
and have major roles in induction of autoimmune diseases (reviewed in (35). IL-17, also
called IL-17A, is the original member of what is now the IL-17 family of six isoforms and
other cytokines characterized by disulfide-linked homodimeric glycoproteins (36). Secreted
primarily by CD4+ T cells, many other cellular sources have been reported for IL17 and
include v8 T cells, NK cells, CD8* T cells, NK T cells and neutrophils. Indeed, a very recent
study implicated 1L-17 derived from v8 T cells as having a critical role in ischemia
reperfusion injury, a condition that could be linked to PGD (37).

2.2 1L-17, Lung Transplantation, OB/BOS and PGD

IL-17 and Th17-associated cytokines have been linked to the development of acute and
chronic rejection after lung transplantation in both animal models and humans (8, 11, 12,
31). Verleden and colleagues found that increased IL-17 in bronchoalveolar lavage (BAL)
was associated with an increase in BAL lymphocytes and neutrophils during acute rejection
on transbronchial biopsies from lung transplant patients (38). The levels of IL-17 also
correlated with increased severity of rejection (38), whereas a report from Shell et al did not
find a correlation of 1L-17 positive cells in endobronchial biopsies post lung transplantation
(39)..

While there may be some disparity in the relationship of IL-17 to acute lung transplant
rejection, a picture is emerging that IL-17 may have key roles in OB/BOS and PGD. As an
example, lung transplant patients with BOS have been shown to have increased levels of
IL-6 and IL-1p in BAL which are two cytokines known to have key roles in induction of IL-
production (40). Similarly, this same study detected increased transcripts for TGF-f, a
known inducer of IL-17, as well as IL-17 and IL-23 (40). In addition, non-transplant studies
have reported that IL-17 is fibrogenic in the lung (41). This is a notable since OB is a
fibrotic disease and suggests that IL-17 may have keys roles in the fibrogenesis that is
characteristic of OB. A very recent study revealed that IL-17 has a key role in the induction
of inducible bronchus associated lymphoid tissue (27), and iBALT is readily detected in
lung allografts (42). Since iBALT could be the source of local immune responses in the
transplanted lung, then it is interesting to speculate that another role for IL-17 in rejection
responses could be due to iBALT induction.
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There are few animal models able to replicate the histology and immunology of OB. Many
have been reported and include the heterotopic tracheal allograft model, as well rat and
mouse orthotopic lung transplantation. Each of these models has limitations in terms of
replicating the human condition of OB, but a pattern is emerging in terms of IL-17 and pre-
clinical models of OB. For example, a recent report from our laboratory demonstrated a
novel of model of OB post orthotopic lung transplantation in mice (43). Notable in this
report was the OB was dependent on minor, and not major histocompatibility antigen,
differences between donor and recipient. In addition, neutralizing IL-17 abrogated the onset
of OB and down regulated the severity of acute rejection (43). The finding of a causal link to
IL-17 and OB may not be limited to chronic allograft dysfunction. For example, Sharma and
colleagues reported that murine lung ischemia reperfusion injury, that may reproduce
clinical PGD, was dependent on IL-17 production derived from natural killer T cells (37).

2.31L-17 and OB/BOS-related Autoimmunity

As stated previously, 1L-17 (IL-17A) has been reported to have key roles in the induction of
autoimmunity. This phenomenon is also applicable to autoimmunity associated with lung
transplantation. For example, autoimmune responses post lung transplantation were initially
reported by Ende and colleagues who demonstrated anti-lung tissue antibodies associated
with human lung transplantation (44). Pre-transplant anti-epithelial cell antibodies (non-
HLA antibodies) were associated with graft failure in lung allograft recipients (45). More
recently, Iverson’s group demonstrated the correlation of donor lung-derived transcripts and
formation of autoantibodies, pre and post transplant in patients with PGD and OB/BOS (46,
47). The transcripts represented proteins involved in apoptosis and cell metabolism. Using a
different approach, Magro’s group reported a variety of circulating anti-endothelial
antibodies in lung transplant recipients (48-50). These reports span more than three decades
and suggest that the presence of autoantibodies post lung transplantation may occur in
multiple settings and detected by varying techniques. However, the pathogenesis of antibody
production, and ability of these antibodies to induce in vivo cytotoxicity were not reported in
these studies.

Examining a small cohort of patients, previously unpublished studies from our laboratory
determined that human lung transplant recipients developed antibodies to type V collagen
[col(V)], a minor lung collagen that is intercolated within the helices of type I collagen and
expressed by airway epithelial cells (51). Notable in these early studies was that these
antibodies did not detect collagen types I, 11, I11, IV, or VI. Extending these studies into an
orthotopic rat lung transplant model we reported that rat lung allografts transplanted into
minor histocompatibility antigen mismatched recipients induced anti-col(V) specific T and
B cells post transplantation (7). Examination of human lung allograft recipients revealed the
presence of anti-col(V) CD4+ T cell mediated immunity in perhipheral blood mononuclear
cells, and this finding was strongly correlated with the onset of BOS post transplantation (8).
Moreover, the anti-col(V) response was IL-17 dependent in these patients (8). These data are
consistent with a prior report showing that col(V)-reactive lymphocytes that develop from
immunizing rats with col(V) are Th17 type (52), and that adoptive transfer of these cells to
lung isograft recipients induced OB in the transplanted lung despite the absence of any
alloimmunity (8). While the presence of anti-col(V) humoral immunity was documented in
human lung allograft recipients, the presence of such antibodies did not correlate with OB/
BOS in that study (8)( ). All antibodies studied were an IgG subtype with no evidence of
IgM (unpublished data). The lack of correlation of anti-col(V) antibodies to OB/BOS could
have been related to the timing of the study relative to the antibodies levels present in
transplant recipients.

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilkes Page 5

Mohanakumar’s group reported that human lung transplant recipients also develop an
antibody response to K-al tubulin, as well as col(V), and that presence of these antibodies
may be associated with OB/BOS in clinical transplantation (11, 12). Similar to col(V), K-al
tubulin is also expressed on airway epithelial cells and appears to be a prominent target in
the immune response post lung transplantation, particularly in the pathogenesis of OB/BOS.
These data again highlight the role of the airway epithelium as a key target in OB
pathogenesis. In a novel murine model in which intrapulmonary instillation of anti-MHC
Class | antibodies induced OB-like pathology in recipient lungs, these same mice developed
antibodies to col(V) and K-al tubulin (11). Moreover, the data showed that neutralizing
IL-17 abrogated OB-like pathology, including air way fibrosis, and the production of
autoantibodies (11). These data strongly suggest that IL-17 has key roles in not only
autoantibody production but autoantibody induced fibrogenesis that may be culminate in
OB.

2.4 Autoantibodies and Primary Graft Dysfunction

Autoantibodies have also been linked to PGD pathogenesis. Passive transfer of immune sera
rich in anti-col(V) antibodies or purified anti-col(V) antibodies to rat lung isograft recipients
reproduced the histology and pathophysiology of PGD in pre-clinical models (31).
Specifically, anti-col(V) antibodies induced acute lung injury compatible with PGD,
impaired systemic oxygenation, and induced complement dependent antibody cellular
cytotoxicity in airway epithelial cells (31). The ability of K-al tubulin antibodies to
reproduce PGD in pre-clinical models has not been determined. However, de novo synthesis
of anti-col(V) or K-a1 tubulin antibodies post transplantation is likely not required for
induction of lung allograft injury. Specifically, the presence of K-al tubulin AND anti-
col(V) antibodies pre-transplant was strongly associated with onset of PGD in clinical
transplant (31, 53). In terms of col(V) reactivity pre-transplant, the anti-col(V) antibody data
pre-transplant and link to PGD are consistent with our prior report showing that the presence
of IL-17-dependent anti-col(V) specific CD4+ T cell immunity pre-transplant was strongly
predictive of PGD onset (9). These studies noting the presence of autoimmunity pre-
transplant and a subsequent link to PGD and possibly OB/BOS highlight a critical need to
examine the autoimmune status of the recipient pretransplantation as a means to reduce
morbidity and possibly mortality post transplantation.

Antibodies to col(V) and K-al tubulin are not the only antibodies linked to PGD
pathogenesis. Studies from lverson’s group, using protein array technology, identified a
variety of antoantibodies linked to lung-derived transcripts that are involved in the
regulation of developmental processes and cell communication (47). These antibodies were
of the IgG and IgM isotype and in some cases were linked to onset of PGD. Although this
report did not show the functional significance of these antibodies, this study also highlights
the potential clinical significance of how autoimmunity pre-transplantation could impact
lung transplantation.

3. Autoantibody Induction

Humoral responses in all forms of autoimmune disease are linked to the production of
isotype class switch autoantibodies (54). Since this occurs within germinal centers, then
autoantibody production post lung transplantation may occur systemically within the spleen,
as is the case for organ allgorafts other than the lung. However, as mentioned previously,
iBALT develop in the lung post transplantation and these secondary lymphoid tissues are
fully capable of mounting T and B cell immunity in the absence of any other secondary
lymphoid tissue. Help for autoantibody production is likely to be derived from follicular
helper T cells within germinal centers which recognize the MHC class Il on B cells, and via
production of IL-21 known to have a key role in humoral autoimmunity (55-57). Since
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iBALT has a full complement of immune cells to mount local immunity then its is likely
that follicular helper T cells exist within these structures and facilitate autoantibody
production. However, the presence of follicular helper T cells within iBALT has not been
reported.

3.1 Autoantigen Exposure within the Allograft

Although col(V) may be considered a sequestered antigen due to its location within the
helices of type I collagen, it is also expressed on the apical surface of airway epithelial cells.
Accordingly, this location is not “sequestered” and could be readily detected by cellular and
humoral immunity. However, the bulk of col(V) is within the lung interstitium and not
exposed to the immune system. Early events related to ischemia and reperfusion injury post
lung transplantation result in interstitial remodeling in part due to activation of matrix
metalloproteases able to cleave collagenous molecules, and thereby exposing col(V) (58).
Indeed, interstitial col(V) is readily detected within four hours post lung transplantation and
remains detectable for over 30 days post transplant. Although col(V) is not readily detected
in the normal lung, it is over expressed highly in OB post lung transplantation (8, 59).
Notably, epithelial col(V) is upregulated within hours post lung transplantation which
suggests that inflammation/injury that results from the transplantation procedure is sufficient
to induce or unmask col(V) (52, 58).

Similar to col(V), K-al tubulin is also expressed on the surface of airway epithelial cells but
under normal conditions is believed to be primarily intracellular due to its key functions
such as GTP binding, GTPase activity, and microtubule-based intracellular movement (12).
The detection of immune responses to intracellular antigens in lung transplant recipients
leads to the question of how does K-al tubulin, or other autoantigens become exposed to
immunes system. While there are no definite answers to this question a few theories exist.
Intracellular proteins can be translocated as blebs to the cell surface during apoptosis (60,
61); and apoptosis is a feature of airway injury during PGD, acute rejection, as well as OB.
Exposure of normally cryptic antigens in the presence of inflammation may lead to loss of
self tolerance resulting in autoimmunity. This theory could explain why allograft damage
mediated by infection or rejection could lead to de novo autoantibody production. However,
this theory does not explain the presence of autoantibodies pre-transplantation, unless the
specific diseases that are indications for lung transplantation may be associated with
autoimmune phenomenon. Indeed, IPF, a leading indication for lung transplantation has
been linked to autoimmunity as described above.

An alternative explanation for autoantibody induced injury to intracellular antigens may be
related to the possibility that autoantibodies may be internalized through cell surface
receptors and then trigger inflammatory cascades after binding to targets. Although these
events have not been reported in lung transplantation, such pathophysiology can occur in
autoimmune diseases such as systemic lupus erythematosis (62).

4. Mechanism of Autoantibody-Induced Pathology in Lung Transplantation

Complement activation is a common feature of autoantibody-induced tissue injury and
pathology. Indeed, we reported that anti-col(V) antibody induced injury to airway epithelial
cells was complement dependent (31). However, autoantibodies can induce apoptosis in
target cells in the absence of complement activation (63). Alternatively, antibodies may
mediate antibody dependent cellular cytotoxicity (ADCC) by macrophages or NK cells
recognition of autoantibodies bound to their respective autoantigens. While ADDC is a
putative mechanism, it has not been reported to be associated with autoantibody induced
injury post lung transplantation.
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Autoantibodies could also induce tissue injury by induction of signaling cascades within
cells expressing the autoantigens. For example, Goers reported that binding of K-al tubulin
antibodies to airway epithelial cells induced strong expression of signaling proteins such as
protein kinase-C (PKC), as well as vascular endothelical growth factor, TGF-f, and heparin
binding epidermal growth factor-like growth factor (12). Although not all of these have been
implicated in lung allograft pathology, TGF- is likely to have key roles in fibrogenesis that
is characteristic of OB. Clearly, more studies are needed to reveal the mechanism of role of
autoantibody-induce pathology post lung transplantation.

5. Summary and Conclusion

The role of autoantibodies in the pathogenesis of allograft pathology post lung
transplantation is an emerging field. While the presence of capillaritis in lung biopsy
specimens may be suggestive of antibody mediated rejection, and possibly that due to
autoantibodies, there is a critical need for biomarkers to identify the potential role of
humoral immunity, in general, and autoantibodies, in particular, in lung transplant
pathologies. Furthermore, additional studies are needed to understand the possible
requirement for alloimmunity to precede onset of the autoantibody response, the mechanism
of autoantigen exposure and autoantibody induced injury.

Acknowledgments

Supported by National Institutes of Health-NHLBI HL067177; NHLBI RO1 HL096845, and NIAID
1P01A1084853 to D.S.W.

References

1. Kotloff RM, Thabut G. Lung transplantation. Am J Respir Crit Care Med. 2011; 184:159-171.
[PubMed: 21471083]

2. Verleden GM. Chronic allograft rejection (obliterative bronchiolitis). Semin Respir Crit Care Med.
2001; 22:551-558. [PubMed: 16088701]

3. Verleden GM, Vos R, De Vleeschauwer SI, Willems-Widyastuti A, Verleden SE, Dupont LJ, Van
Raemdonck DE, Vanaudenaerde BM. Obliterative bronchiolitis following lung transplantation:
from old to new concepts? Transpl Int. 2009; 22:771-779. [PubMed: 19490538]

4. Christie JD, Kotloff RM, Ahya VN, Tino G, Pochettino A, Gaughan C, DeMissie E, Kimmel SE.
The effect of primary graft dysfunction on survival after lung transplantation. Am J Respir Crit Care
Med. 2005; 171:1312-1316. [PubMed: 15764726]

5. Lee JC, Christie JD. Primary graft dysfunction. Proc Am Thorac Soc. 2009; 6:39-46. [PubMed:
19131529]

6. Pierre AF, DeCampos KN, Liu M, Edwards V, Cutz E, Slutsky AS, Keshavjee SH. Rapid
reperfusion causes stress failure in ischemic rat lungs. J Thorac Cardiovasc Surg. 1998; 116:932—
942. [PubMed: 9832683]

7. Haque MA, Mizobuchi T, Yasufuku K, Fujisawa T, Brutkiewicz RR, Zheng Y, Woods K, Smith
GN, Cummings OW, Heidler KM, et al. Evidence for immune responses to a self-antigen in lung
transplantation: role of type V collagen-specific T cells in the pathogenesis of lung allograft
rejection. J Immunol. 2002; 169:1542-1549. [PubMed: 12133982]

8. Burlingham WJ, Love RB, Jankowska-Gan E, Haynes LD, Xu Q, Bobadilla JL, Meyer KC, Hayney
MS, Braun RK, Greenspan DS, et al. IL-17-dependent cellular immunity to collagen type V
predisposes to obliterative bronchiolitis in human lung transplants. J Clin Invest. 2007; 117:3498—
3506. [PubMed: 17965778]

9. Bobadilla JL, Love RB, Jankowska-Gan E, Xu Q, Haynes LD, Braun RK, Hayney MS, Munoz Del
Rio A, Meyer K, Greenspan DS, et al. Th-17, Monokines, Collagen Type V, and Primary Graft
Dysfunction in Lung Transplantation. Am J Respir Crit Care Med. 2008; 177:660-668. [PubMed:
18174545]

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilkes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8

Shilling RA, Wilkes DS. Immunobiology of chronic lung allograft dysfunction: new insights from
the bench and beyond. Am J Transplant. 2009; 9:1714-1718. [PubMed: 19519813]

Fukami N, Ramachandran S, Saini D, Walter M, Chapman W, Patterson GA, Mohanakumar T.
Antibodies to MHC class | induce autoimmunity: role in the pathogenesis of chronic rejection. J
Immunol. 2009; 182:309-318. [PubMed: 19109162]

Goers TA, Ramachandran S, Aloush A, Trulock E, Patterson GA, Mohanakumar T. De novo
production of K-alphal tubulin-specific antibodies: role in chronic lung allograft rejection. J
Immunol. 2008; 180:4487-4494. [PubMed: 18354170]

Bharat A, Fields RC, Trulock EP, Patterson GA, Mohanakumar T. Induction of IL-10 suppressors
in lung transplant patients by CD4+25+ regulatory T cells through CTLA-4 signaling. J Immunol.
2006; 177:5631-5638. [PubMed: 17015751]

Ochando JC, Krieger NR, Bromberg JS. Direct versus indirect allorecognition: Visualization of
dendritic cell distribution and interactions during rejection and tolerization. Am J Transplant.
2006; 6:2488-2496. [PubMed: 16889597]

Smyth LA, Afzali B, Tsang J, Lombardi G, Lechler RI. Intercellular transfer of MHC and
immunological molecules: molecular mechanisms and biological significance. Am J Transplant.
2007; 7:1442-1449. [PubMed: 17511673]

Christie JD, Shah CV, Kawut SM, Mangalmurti N, Lederer DJ, Sonett JR, Ahya VN, Palmer SM,
Wille K, Lama V, et al. Plasma Levels of Receptor for Advanced Glycation End-
Products(sRAGE), Blood Transfusion, and Risk of Primary Graft Dysfunction. Am J Respir Crit
Care Med. 2009

Feghali-Bostwick CA, Tsai CG, Valentine VG, Kantrow S, Stoner MW, Pilewski JM, Gadgil A,
George MP, Gibson KF, Choi AM, et al. Cellular and humoral autoreactivity in idiopathic
pulmonary fibrosis. J Immunol. 2007; 179:2592-2599. [PubMed: 17675522]

Baldwin WM 3rd, Valujskikh A, Fairchild RL. Antibody-mediated rejection: emergence of animal
models to answer clinical questions. Am J Transplant. 2010; 10:1135-1142. [PubMed: 20346069]

Murata K, Baldwin WM 3rd. Mechanisms of complement activation, C4d deposition, and their
contribution to the pathogenesis of antibody-mediated rejection. Transplant Rev (Orlando). 2009;
23:139-150. [PubMed: 19362461]

Shimizu A, Colvin RB. Pathological features of antibody-mediated rejection. Curr Drug Targets
Cardiovasc Haematol Disord. 2005; 5:199-214. [PubMed: 15975034]

Singh N, Pirsch J, Samaniego M. Antibody-mediated rejection: treatment alternatives and
outcomes. Transplant Rev (Orlando). 2009; 23:34-46. [PubMed: 19027615]

Takemoto SK, Zeevi A, Feng S, Colvin RB, Jordan S, Kobashigawa J, Kupiec-Weglinski J, Matas
A, Montgomery RA, Nickerson P, et al. National conference to assess antibody-mediated rejection
in solid organ transplantation. Am J Transplant. 2004; 4:1033-1041. [PubMed: 15196059]
Glanville AR. Antibody-mediated rejection in lung transplantation: myth or reality? J Heart Lung
Transplant. 2010; 29:395-400. [PubMed: 20338509]

Morrell MR, Patterson GA, Trulock EP, Hachem RR. Acute antibody-mediated rejection after lung
transplantation. J Heart Lung Transplant. 2009; 28:96-100. [PubMed: 19134538]

Constant SL, Brogdon JL, Piggott DA, Herrick CA, Visintin I, Ruddle NH, Bottomly K. Resident
lung antigen-presenting cells have the capacity to promote Th2 T cell differentiation in situ. J Clin
Invest. 2002; 110:1441-1448. [PubMed: 12438442]

Gelman AE, Li W, Richardson SB, Zinselmeyer BH, Lai J, Okazaki M, Kornfeld CG, Kreisel FH,
Sugimoto S, Tietjens JR, et al. Cutting edge: Acute lung allograft rejection is independent of
secondary lymphoid organs. J Immunol. 2009; 182:3969-3973. [PubMed: 19299693]
Rangel-Moreno J, Carragher DM, de la Luz Garcia-Hernandez M, Hwang JY, Kusser K, Hartson
L, Kolls JK, Khader SA, Randall TD. The development of inducible bronchus-associated
lymphoid tissue depends on IL-17. Nat Immunol. 2011; 12:639-646. [PubMed: 21666689]

Wiley JA, Richert LE, Swain SD, Harmsen A, Barnard DL, Randall TD, Jutila M, Douglas T,
Broomell C, Young M. Inducible Bronchus-associated lymphoid tissue elicited by a protein cage
nanoparticle enhances protection in mice against diverse respiratory viruses. PLoS One. 2009;
4:¢7142. [PubMed: 19774076]

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilkes

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 9

Rangel-Moreno J, Hartson L, Navarro C, Gaxiola M, Selman M, Randall TD. Inducible bronchus-
associated lymphoid tissue (iBALT) in patients with pulmonary complications of rheumatoid
arthritis. J Clin Invest. 2006; 116:3183-3194. [PubMed: 17143328]

Swanson KA, Zheng Y, Heidler KM, Zhang ZD, Webb TJ, Wilkes DS. Flt3-ligand, IL-4, GM-
CSF, and adherence-mediated isolation of murine lung dendritic cells: assessment of isolation
technique on phenotype and function. J Immunol. 2004; 173:4875-4881. [PubMed: 15470028]
Ilwata T, Philipovskiy A, Fisher AJ, Presson RG Jr. Chiyo M, Lee J, Mickler E, Smith GN,
Petrache I, Brand DB, et al. Anti-type V collagen humoral immunity in lung transplant primary
graft dysfunction. J Immunol. 2008; 181:5738-5747. [PubMed: 18832733]

Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL. Two types of murine helper T
cell clone. 1. Definition according to profiles of lymphokine activities and secreted proteins. J
Immunol. 1986; 136:2348-2357. [PubMed: 2419430]

Piccotti JR, Chan SY, VanBuskirk AM, Eichwald EJ, Bishop DK. Are Th2 helper T lymphocytes
beneficial, deleterious, or irrelevant in promoting allograft survival? Transplantation. 1997;
63:619-624. [PubMed: 9075827]

Shilling RA, Wilkes DS. Role of Th17 cells and IL-17 in lung transplant rejection. Semin
Immunopathol. 2011

Weaver CT, Hatton RD, Mangan PR, Harrington LE. IL-17 family cytokines and the expanding
diversity of effector T cell lineages. Annu Rev Immunol. 2007; 25:821-852. [PubMed: 17201677]
Kolls JK, Linden A. Interleukin-17 family members and inflammation. Immunity. 2004; 21:467-
476. [PubMed: 15485625]

Sharma AK, LaPar DJ, Zhao VY, Li L, Lau CL, Kron IL, lwakura Y, Okusa MD, Laubach VE.
Natural Killer T cell-derived IL-17 mediates lung ischemia-reperfusion injury. Am J Respir Crit
Care Med. 2011; 183:1539-1549. [PubMed: 21317314]

Vanaudenaerde BM, Dupont LJ, Wuyts WA, Verbeken EK, Meyts |, Bullens DM, Dilissen E,
Luyts L, Van Raemdonck DE, Verleden GM. The role of interleukin-17 during acute rejection
after lung transplantation. Eur Respir J. 2006; 27:779-787. [PubMed: 16585086]

Snell GI, Levvey BJ, Zheng L, Bailey M, Orsida B, Williams TJ, Kotsimbos TC. Interleukin-17
and airway inflammation: a longitudinal airway biopsy study after lung transplantation. J Heart
Lung Transplant. 2007; 26:669-674. [PubMed: 17613395]

Vanaudenaerde BM, De Vleeschauwer SI, Vos R, Meyts I, Bullens DM, Reynders V, Wuyts WA,
Van Raemdonck DE, Dupont LJ, Verleden GM. The role of the IL23/IL17 axis in bronchiolitis
obliterans syndrome after lung transplantation. Am J Transplant. 2008; 8:1911-1920. [PubMed:
18786233]

Wilson MS, Madala SK, Ramalingam TR, Gochuico BR, Rosas 10, Cheever AW, Wynn TA.
Bleomycin and IL-1beta-mediated pulmonary fibrosis is IL-17A dependent. J Exp Med. 2010;
207:535-552. [PubMed: 20176803]

Hasegawa T, lacono A, Yousem SA. The significance of bronchus-associated lymphoid tissue in
human lung transplantation: is there an association with acute and chronic rejection?
Transplantation. 1999; 67:381-385. [PubMed: 10030282]

Fan L, Benson HL, Vittal R, Mickler EA, Presson R, Fisher AJ, Cummings OW, Heidler KM,
Keller MR, Burlingham WJ, et al. Neutralizing IL-17 prevents obliterative bronchiolitis in murine
orthotopic lung transplantation. Am J Transplant. 2011; 11:911-922. [PubMed: 21521466]

Ende N, Orsi EV, Veith FJ, Baturay NZ, Howard JL, Britten TL. Anti-lung antibodies associated
with human lung allografts. Am Rev Respir Dis. 1978; 117:853-857. [PubMed: 350108]

Smith JD, Crisp SJ, Dunn MJ, Pomerance A, Yacoub MH, Rose ML. Pre-transplant anti-epithelial
cell antibodies and graft failure after single lung transplantation. Transpl Immunol. 1995; 3:68-73.
[PubMed: 7551982]

Hagedorn PH, Burton CM, Carlsen J, Steinbruchel D, Andersen CB, Sahar E, Domany E, Cohen
IR, Flyvbjerg H, Iversen M. Chronic rejection of a lung transplant is characterized by a profile of
specific autoantibodies. Immunology. 2010; 130:427-435. [PubMed: 20201985]

Hagedorn PH, Burton CM, Sahar E, Domany E, Cohen IR, Flyvbjerg H, lversen M. Integrative
analysis correlates donor transcripts to recipient autoantibodies in primary graft dysfunction after
lung transplantation. Immunology. 2011; 132:394-400. [PubMed: 21070236]

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilkes

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 10

Magro CM, Klinger DM, Adams PW, Orosz CG, Pope-Harman AL, Waldman WJ, Knight D, Ross
P Jr. Evidence that humoral allograft rejection in lung transplant patients is not histocompatibility
antigen-related. Am J Transplant. 2003; 3:1264-1272. [PubMed: 14510700]

Magro CM, Pope Harman A, Klinger D, Orosz C, Adams P, Waldman J, Knight D, Kelsey M,
Ross P Jr. Use of C4d as a diagnostic adjunct in lung allograft biopsies. Am J Transplant. 2003;
3:1143-1154. [PubMed: 12919095]

Westall GP, Snell GI, McLean C, Kotsimbos T, Williams T, Magro C. C3d and C4d deposition
early after lung transplantation. J Heart Lung Transplant. 2008; 27:722—728. [PubMed: 18582800]

Linsenmayer TF, Gibney E, Igoe F, Gordon MK, Fitch JM, Fessler LI, Birk DE. Type V collagen:
molecular structure and fibrillar organization of the chicken alpha 1(V) NH2-terminal domain, a
putative regulator of corneal fibrillogenesis. J Cell Biol. 1993; 121:1181-1189. [PubMed:
8501123]

Yoshida S, Haque A, Mizobuchi T, lwata T, Chiyo M, Webb TJ, Baldridge LA, Heidler KM,
Cummings OW, Fujisawa T, et al. Anti-type V collagen lymphocytes that express IL-17 and IL-23
induce rejection pathology in fresh and well-healed lung transplants. Am J Transplant. 2006;
6:724-735. [PubMed: 16539629]

Bharat A, Saini D, Steward N, Hachem R, Trulock EP, Patterson GA, Meyers BF, Mohanakumar
T. Antibodies to self-antigens predispose to primary lung allograft dysfunction and chronic
rejection. Ann Thorac Surg. 2010; 90:1094-1101. [PubMed: 20868794]

Diamond B, Katz JB, Paul E, Aranow C, Lustgarten D, Scharff MD. The role of somatic mutation
in the pathogenic anti-DNA response. Annu Rev Immunol. 1992; 10:731-757. [PubMed:
1591002]

Fazilleau N, Mark L, McHeyzer-Williams LJ, McHeyzer-Williams MG. Follicular helper T cells:
lineage and location. Immunity. 2009; 30:324-335. [PubMed: 19303387]

Linterman MA, Rigby RJ, Wong RK, Yu D, Brink R, Cannons JL, Schwartzberg PL, Cook MC,
Walters GD, Vinuesa CG. Follicular helper T cells are required for systemic autoimmunity. J Exp
Med. 2009; 206:561-576. [PubMed: 19221396]

King C. A fine romance: T follicular helper cells and B cells. Immunity. 2011; 34:827-829.
[PubMed: 21703537]

Iwata T, Chiyo M, Yoshida S, Smith GN Jr. Mickler EA, Presson R Jr. Fisher AJ, Brand DD,
Cummings OW, Wilkes DS. Lung transplant ischemia reperfusion injury: metalloprotease
inhibition down-regulates exposure of type V collagen, growth-related oncogene-induced
neutrophil chemotaxis, and tumor necrosis factor-alpha expression. Transplantation. 2008;
85:417-426. [PubMed: 18322435]

Zheng L, Ward C, Snell Gl, Orsida BE, Li X, Wilson JW, Williams TJ, Walters EH. Scar collagen
deposition in the airways of allografts of lung transplant recipients. Am J Respir Crit Care Med.
1997; 155:2072-2077. [PubMed: 9196117]

Casciola-Rosen LA, Anhalt G, Rosen A. Autoantigens targeted in systemic lupus erythematosus
are clustered in two populations of surface structures on apoptotic keratinocytes. J Exp Med. 1994;
179:1317-1330. [PubMed: 7511686]

Sorice M, Pittoni V, Griggi T, Losardo A, Leri O, Magno MS, Misasi R, Valesini G. Specificity of
anti-phospholipid antibodies in infectious mononucleosis: a role for anti-cofactor protein
antibodies. Clin Exp Immunol. 2000; 120:301-306. [PubMed: 10792380]

Yung S, Chan TM. Anti-DNA antibodies in the pathogenesis of lupus nephritis--the emerging
mechanisms. Autoimmun Rev. 2008; 7:317-321. [PubMed: 18295737]

Bordron A, Dueymes M, Levy Y, Jamin C, Leroy JP, Piette JC, Shoenfeld Y, Youinou PY. The
binding of some human antiendothelial cell antibodies induces endothelial cell apoptosis. J Clin
Invest. 1998; 101:2029-2035. [PubMed: 9593758]

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



Wilkes Page 11

Semin Immunol. Author manuscript; available in PMC 2013 December 26.



