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Abstract
Asthma is the result of chronic airway inflammation associated predominantly with CD4+ cells,
eosinophils, mast cells, and basophils. Several T cells subsets, including NKT cells, play a critical
role in orchestrating the inflammation in the airways predominantly, by secreting interleukin-4 and
interleukin-13. Recently, Programmed death-1 (PD-1) with its ligands, programmed death ligand
B7H1 (PD-L1) and B7DC (PD-L2), was shown to regulate T-cell activation and tolerance. PD-1
has been characterized as a negative regulator of conventional CD4+T cells. In addition, the
relative roles of PD-L1 and PD-L2 in regulating the activation and function of T cells have
recently been characterized. Recent studies have demonstrated that PD-L1 and PD-L2 have
important but opposing roles in modulating and polarizing T cell functions in airway
hyperreactivity. Whereas the severity of asthma is greatly enhanced in absence of PD-L2, PD-L1
deficiency resulted in reduced airway hyperresponsiveness (AHR) and only minimal
inflammation. This observation is partially due to the polarization of NKT cells in PD-L1 and PD-
L2 deficient mice. This review will discuss the recent literature regarding the role of PD-L1 and
PD-L2 in allergic disease and asthma. Current understanding of the role of PD ligands in allergic
asthma gives impetus to the development of novel therapeutic approaches.
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Introduction
Asthma prevalence has increased considerably in recent decades and asthma is now
considered as one of the most common chronic disorders in the world (1). Asthma is a
chronic disease of the airways characterized by bronchial hyperreactivity to nonspecific
stimuli, chronic eosinophilic airway inflammation, goblet cells hyperplasia and airway
structural changes in response to a chronic Th2 immune response to inhaled allergen, as well
as Th2-dependent increased serum levels of allergen-specific IgE and IgG1(2,3). The
complex inflammation that occurs in asthma is associated with different types of
inflammatory cells and more than hundred inflammatory mediators and gene products (4-6).
In some forms of asthma, IFN-γ and neutrophils predominate in the airway (7), but in
allergic asthma, the inflammatory process is associated predominantly with CD4+ cells,
eosinophils, mast cells, and basophils (4). In patients with allergic asthma, CD4+ cells
predominantly produce IL-4, IL-5, IL-9, and IL-13. These interleukins have essential roles
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in asthma, enhancing the growth, differentiation, and recruitment of eosinophils, basophils,
mast cells, and IgE-producing B cells. Although allergen induced AHR is known to be
dependent on CD4+ cells and is associated with an increase in Th2 cytokines in the lung, the
mechanisms by which asthma is controlled are not fully understood. It has been reported that
T reg cells secreting interleukin IL-10 can inhibit airway inflammation and AHR, but other
inhibitory pathways also exist and play important roles in the development of asthma (8-10).

In the pathogenesis of asthma, the activation of T lymphocytes is dependent on two
coordinate signals (11). The initial signal confers specificity to the immune response in
recognizing major histocompatibility class-peptide complexes by T lymphocytes. However,
this initial signal is not sufficient to completely activate T cells. A second, nonspecific
costimulatory signal is required by T cells to become fully effective. These signals are often
provided by surface costimulatory molecules to allow interactions between APCs and T
cells. In recent studies, numerous new costimulatory molecules have been described leading
to the recognition of many costimulation pathways. Costimulatory molecules are divided
into 2 main families: i) molecules from the B7:CD28 family, such as CTLA-4 or
programmed death (PD)-L1, and ii) the tumor necrosis factor receptor (TNFR) superfamily
such as OX40 or CD27 (12). Costimulatory molecules have specific effects on T-cell
activation, function and survival and are implicated in nearly all inflammatory diseases
including asthma. PD-1 (also called CD279) and its ligands deliver inhibitory signals that
regulate the balance between T- cell activation, tolerance and immunopathology (13). The
interaction between PD-1 and its ligands results in a diverse range of pathogenetic effects in
T-cell activation, T cell tolerance, and immune-mediated tissue damage (Table 1). The role
of PD-1 and its ligands have already been observed in the regulation of autoimmune
diseases (14-16) and in immunoregulatory functions in various microbial and infectious
disease models (17-23). These ligands were also reported to play a major role in tumor
immunity (24,25) and tissue transplantation (26,27). The relative contribution of the
costimulatory ligands PD-L1 and PD-L2 to the development of allergic airway responses in
bronchial asthma has recently been recognized (28). This review will highlight recent
findings on the potential role of these costimulatory markers in the pathogenesis of asthma.

PD-1 and its ligands PD-L1 and PD-L2
The PD-1 receptor was first observed in T cells undergoing cell death (29). Since then,
several studies involving these receptors have demonstrated an important role in immune
tolerance and in various regulatory functions. Important findings came with the observation
that PD-1 deficient mice develop spontaneous autoimmune diseases, suggesting a crucial
role in the establishment and/or maintenance of immunological self-tolerance (30).
Furthermore, augmented PD-1 expression has been observed on synovial fluid T cells in
rheumatoid arthritis (RA) and on salivary T cells in Sjogren's syndrome, suggesting that
PD-1 may actually exert its regulatory functions in target organs (31-33).

The ligands for PD-1 have given even more insight into their role in immune regulation. The
PD-1 receptor ligands PD-L1 (B7-H1) and PD-L2 (B7-DC) belong to the B7:CD28 family
of ligands (34). PD-L1 and PD-L2 are type I transmembrane glycoproteins composed of
IgC- and IgV-type extracellular domains (35-38). The location of PD-L1 and PD-L2 genes
are on mouse chromosome 19 at a distance of 22-kb between them. PD-L1 shares a 20%
amino acid identity with B7.1, a ligand for CD28, whereas PD-L2 shares a 20% amino acid
homology with B7.2, a well established ligand for CTLA-4. Whereas PD-L1 and PD-L2
share 70% amino acid homology in mice, the homology among the two ligands in humans is
40%. The expression profiles of human PD-L1 and PD-L2 are comparable to the murine
system (39). Both these markers have short cytoplasmic tails with no known sequence motif
for signal transduction, suggesting that these ligands do not transduce signals upon
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interaction with PD-1. Some earlier reports suggest that cross-linking of PD-L2 induces
stimulatory signals in dendritic cells resulting in augmented antigen presentation (40,41).

PD-L1 and PD-L2 are expressed in various tissues, with high levels of expression in lungs,
heart and liver and with lower expressions in spleen, lymph nodes and thymus (35-38).
Expression of PD-L1 is observed in both lymphoid and non-lymphoid tissues which indicate
that the PD-1–PD-L1 pathway modulates immune responses in secondary lymphoid organs
as well as in target organs. Expression of PD-L1 and PD-L2 on antigen-presenting cells has
been well described (42). It was observed that PD-L1 is expressed on resting B cells, T cells,
macrophages and DCs and their expression is further up-regulated by various types of
stimulation in vitro: i) anti-IgM, LPS and anti-CD40 for B cells, ii) anti-CD3 for T cells, iii)
anti-CD40, LPS, IFNγ and granulocyte macrophage colony stimulating factor (GM-CSF) for
macrophages and iv) anti-CD40, IFNγ, IL-4, IL-12 and GM-CSF for DCs (43). In contrast
to PD-L1, PD-L2 is rarely expressed on resting cells and can hardly be induced on B cells
and on T cells. PD-L2 has been induced on macrophages by IL-4 and IFNγ and on DCs by
anti-CD40, GM-CSF, IL-4, IFNγ and IL-12 (43). It is reported that IL-4 induces PD-L2
more strongly than IFNγ, while IFNγ induces PD-L1 more strongly than IL-4 on
macrophages, suggesting that Th1 and Th2 responses mobilize PD-L1 and PD-L2
differentially (44).

It is now well established that PD-L1 is expressed on a wide variety of tumors, and high
levels of PD-L1 expression strongly correlate with an unfavorable prognosis in several
cancers. The pathogenetically crucial role of PD-L1 in different tumors has made PD-L1 a
potential candidate for tumor immunotherapy (45-50). In addition, Dong and coworkers
have described a significant role of tumor associated PD-L1 in T cell apoptosis and tumor
invasion (24), and blockade of PD-L1 was reported to augment the effects of T- cell
immunotherapy in certain models (51,52). Several groups have subsequently reported that
engagement of PD-1 by PD-L1 or PD-L2 results in inhibition of proliferation and polarized
or altered cytokine production (16,53,54). Moreover, the inhibitory signals provided by
engagement of PD-1 was demonstrated by the development of autoimmune diseases in
PD-1-deficient mice (55). PD-L1 is also reported to protect tissues from autoreactive T
effector cells by inhibiting their function and also by increasing the frequency and function
of T reg cells (56). Taken together, PD-1 and the ligands, PD-L1 and PD-L2 appear to play a
crucial role in the maintenance of T cell homeostasis, not only in cancer but also in allergic
diseases.

PD-L1/PD-L2 in Airway hyperreactivity
Studies are just beginning to elucidate the function of PD-L1 and PD-L2 in allergy and
asthma. Our group has recently found a novel mechanism by which PD-L2 distinctly
regulates airways inflammation and AHR (28). We demonstrated that a lack of PD-L2
expression results in increased AHR and increased lung inflammation which indicates that
PD-L2 expression in the lung protects against the initiation and progression of airway
inflammation (28). In a similar study, Matsumoto and colleagues demonstrated that PD-L2
is highly expressed on pulmonary DCs and macrophages of sensitized mice, and the authors
showed that administration of blocking antibodies against PD-L2, but not against PD-1 or
PD-L1, during allergen challenge enhances the airway hyperresponsiveness and production
of Th2 cytokines (57,58). It was further observed that this effect is mediated by IFN-γ as no
enhancement was observed in IFN-γ deficient mice after treatment with anti-PD-L2
antibody (57). In relation to asthma it is also reported that administration of the sHIgM12
antibody (an antibody inducing reverse signaling through PD-L2) in a mouse model of
allergic asthma blocks the development of AHR (59). Administration of PD-L2-Fc in a
mouse model of allergic asthma resulted in elevated levels of serum IgE and in increased
eosinophilic and lymphocytic infiltration (60). In this line, we were able to observe that PD-
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L2 deficiency substantially increased the development of AHR in mice (Figure 1). To
further differentiate the role of PD-L1 and PD-L2 in AHR, it was reported that upon
challenge with α-GalCer, PD-L1 deficient mice showed a reduced level of AHR and
minimal airway inflammation, while PD-L2 deficient mice developed increased AHR when
compared with wild type mice. These findings suggest that PD-L2 preferentially modulates
the effector phase of the asthmatic response. The inhibitory role of PD-L2 has already been
reported in earlier studies (37,61). Previously, Zhang et al. showed that PD-L2 negatively
regulates T cell activation in a murine model, and PD-L2 appeared to be crucial in the
development of oral tolerance (62). Data from our group indicate that PD-L1 expression
inhibits IFN-γ production. Thus, lack of PD-L1 lead to reduced levels of AHR, minimal
inflammation and mucous secretion in lungs, thus defining its opposing role with that of PD-
L2 in asthma pathogenesis. It is also observed that the combined deficiency of PD-L1 and
PD-L2 expression in PD-L1/PD-L2 double knockout mice neutralizes the effects of the
single knockout mice, as PD-L1/PD-L2 double knockout mice developed airway
hyperreactivity comparable to wild type mice (28). These data indicate that PD-L1 and PD-
L2 might have opposing roles in the pathogenesis of allergic diseases and asthma; while PD-
L1 might be crucial for the development of AHR in mice, activation of the PD-1/PD-L2
pathway might lead to protective immune responses.

PD-L1/PD-L2 and Dendritic cells
Dendritic cells (DCs) play functional roles in regulating immune responses. While DCs
generally present antigens, they are a heterogeneous group of cells that differ in origin,
location, cell-surface phenotype, and function (63). After interaction with T-cells, DCs
determine the type of resulting immune response from inducing tolerance to the
establishment of effector T cell responses that protect the host against potentially harmful
antigens. (64). This differentiation is dependent on a number of factors, such as the nature of
the antigen, the cytokine milieu in the surrounding tissue, and the type of DC subset,
expressing specific costimulatory molecules (65). It is well established, that PD-L1 is
constitutively expressed on mouse DCs, macrophages, B cells and T cells and that it is
further up-regulated upon activation (13,66). It has also been shown that PD-1 is up-
regulated on T cells upon activation, and its ligands have distinct expression patterns, with
PD-L1 being expressed much more abundantly than PD-L2. PD-L2 expression in contrast
was reported to be elevated on DCs from the lung and from draining pulmonary lymph
nodes after antigen challenge (58) and seems to be upregulated on splenic DCs after in vivo
activation of iNKT cells by the administration of α-GalCer (67). Similar to previous studies,
we recently observed that lung DCs showed increased expression of PD-L2 upon OVA
challenge and also observed that expression of PD-L2 was upregulated on lung DCs from
naive mice upon culture with IL-4. However, treatment with IFN-γ plus LPS inhibits PD-L2
expression. These finding suggests that the local cytokine microenvironment in the lungs
plays an important role in defining the expression pattern of PD-L2 (28). As PD-L2 inhibits
IL-4 production and iNKT-cell-mediated AHR, our studies add to the notion that PD-L2
constitutes a feedback loop in the lung during the course of acute inflammation by being
upregulated by IL-4, and subsequently reducing IL-4 production, thereby modulating the
severity of asthma. In similar experimental settings, it was reported that DCs from mice
cultured with IL-4 plus lipopolysaccharide showed higher expression of PD-L2. In contrast,
culture with IFN-γ resulted in an enhanced PD-L1 expression (28). Interestingly, the
enhanced PD-L1 expression observed on lung DCs, macrophages, and B cells after OVA
challenge inhibits IFN-γ production, which could mitigate AHR. Similarly, loss of PD-L1
results in increased IFN-γ and reduced AHR. These findings add to the idea that both
markers might have opposing roles in acute inflammatory processes. Benedict et al. have
studied the relative contribution of the PD-L1/PD-1 pathway in MCMV-infection and have
reported that PD-L1/PD-1 interactions directly encounter infected DC both in culture and in
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vivo, whereas there is a negligible contribution for the PD-L1/PD-1 pathway when murine
cytomegalovirus (mCMV) antigen is cross-presented by uninfected APC. Their findings
suggested that maintaining the PD-L1/PD-1 interaction is a critical component of the overall
program used by mCMV to suppress the antiviral T cell response of the host (68). In another
study, Agarwal and colleagues observed higher expression levels of PD-L1 and PD-L2 of
CD11chigh,CD11blow DCs in Flt3 ligand–treated OVA-sensitized mice. These authors
observed a positive correlation of Flt3 ligand treatment and increased PDL2 expression
which can be the inhibitory effect of PD-L2/PD-1 interaction on T-cell proliferation (69).
The role of PD-L1 was also reported in immunoregulation by plasmacytoid dendritic cells
(pDCs) in airway inflammation. Recently, it was reported that pDCs induce the formation of
regulatory T cells via the expression of PD-L1. It was reported that pDCs exert their
suppressive function through expression of the costimulatory molecule PD-L1, and also PD-
L1 deficient pDCs did not down-regulate eosinophilic inflammation (70). These findings
give impetus on the protective role of PD-1/PD-L1 interaction in dendritic cells. The
relatively greater role of IFN-γ in stimulating PD-L1 expression and IL-4 in stimulating PD-
L2 expression suggests once more that PD-L1 and PD-L2 have opposing functions in
regulating Th1 and Th2 responses.

Role of PD-L1/PD-L2 on T cells and NKT cells
T-regulatory cells (Tregs) are known to be potent immunomodulators in allergic asthma. It
is well established that there is a reduction of Tregs cells and an increase of Th2 cells and
this imbalance initiates the development of AHR and airway inflammation in allergic
asthma (71,72). Tregs are known to secrete immunosuppressive cytokines which modulate
immune responses. An earlier report has already suggested that suppression by Tregs cells
may occur through the expression of the cell surface marker programmed death PD-1 (73).
Recently, PD-L1 was found to be directly responsible for the generation of regulatory T
cells (74). Earlier, McGee and Agarwal reported that PD-1 has a role in the function of
Tregs and their ability to suppress AHR and airway inflammation. In a mouse model, these
authors observed that PD-1 expressing inducible Tregs (iTregs) from spleens and lungs
completely reversed lung inflammation and AHR to methacholine. It was suggested that
PD-1 is critically involved in the mechanism of action of these iTreg cells (75). Recent
studies from our own group confirmed this, as we were able to show that the severity of
asthma is greatly enhanced in PD-L2 deficient mice, and this was due to a higher production
of IL-4 by iNKT cells, indicating that PD-L2 engagement inhibited IL-4 production by
iNKT cells (28). These observations may help explain the inhibitory role of PD-L2 in
asthma. Studies with PD-L1 deficient mice showed reduced levels of AHR, minimal
inflammation, and mucous secretion, as well as enhanced production of IFN-γ by iNKT
cells. In addition, other groups have reported that the PD-1/PD-L inhibitory pathway can
potently inhibit the proliferation and IL-2 production of murine T cells (76). Some previous
studies have also shown that the PD-1/PD-L1 pathway enhances the α-galactosylceramide
(α-GalCer)-mediated induction of NKT cell anergy (44,67). Earlier, Kinter et al. had
observed that the cytokines IL-2, IL-7, IL-15, and IL-21 directly induce the expression of
PD-1 and PD-L1 on purified T cells as well as PD-1 ligands on APCs. Their findings
suggest that the expression of PD-1/PD-L ligand does not appear to negatively impact the
ability of T cells to expand, function, or survive in response to further γc cytokine exposure,
but does render them susceptible to PD-1 ligand-mediated suppression of TCR-triggered
function (77).

Although PD-L1 and PD-L2 are the most important ligands for PD-1, some additional
receptors for these B7 family members have been reported (78-80). Some earlier studies
showed that PD-L2 co-stimulates CD4 + T-cell proliferation and cytokine production and
this co-stimulation was found to be independent of PD-1 (78-80). Further, Freeman et al.
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reported that PD-L1 interacts not only with PD-1 but also with a second receptor, B7-1, on
activated T cells, and that this interaction negatively regulates T-cell expansion (81).
Recently, we reported that the addition of a mAb that blocks the PD-L1 interaction with
both PD-1 and B7-1 (9G2) resulted in greatly enhanced levels of IFN-γ production by
splenic iNKT cells stimulated with α-GalCer, but did not affect IL-4 production. However,
culture in the presence of PD-L1 mAb that selectively blocks the PD-L1 / B7-1 interaction
(2H11) had no effect on the production of IFN-γ or IL-4 (28). These findings suggest that
PD-1/PD-L1 interaction is primarily responsible for inhibiting the production of IFN-γ by
iNKT cells. Previous studies have demonstrated that PD-1 is up-regulated on T cells
following TCR-mediated activation (37,82-84).

PD-L1 and PD-L2 in other allergic diseases
The role of PD-1/PD-L1/PD-L2 interaction has also been reported in other allergic diseases.
Fukushima et al. reported that PD-1 and its ligands are involved in the development of
experimental allergic conjunctivitis in mice. They showed that treatment with anti-PD-L2
mAb enhanced the local infiltration of eosinophils during the effector phase but not during
the induction phase. This indicates that the interaction between PD-L2 and its putative
receptor other than PD-1 is important for the recruitment of eosinophils into the conjunctiva
(85). Recently, It was observed that Keratinocyte-associated PD-L1 plays an important role
in down regulation of effector function of CD8 T cells at local inflammatory sites and plays
a crucial role in peripheral T cell tolerance against exogenous antigens(86).

PD-L1 and PD-L2 as a therapeutic targets
Since the ligands for PD-1 were identified, PD-1:PD-L interactions have been shown to
exert a vital and diverse range of immunoregulatory roles in T cell activation, tolerance, and
immune-mediated diseases. Regarding therapeutic approaches, PD-1 ligands have been
targets in different disease models such as viral infections and tumors. Inhibition of the
PD-1/PD-L1 pathway initiates functional recovery of exhausted T cells in chronic viral
infections. In HIV infection, PD-1/PD-L1 interactions are operative during a persistent viral
infection in humans, and cause a reversible defect in HIV-specific T-cell function (18).
Also, PD-L1 expression serves as a potent mechanism for potentially immunogenic tumors
to escape from host immune responses, and blockade of its interaction with PD-1 provide a
promising strategy for specific tumor immunotherapy (87). Because of the critical role of
PD-1 and interactions with its ligands in animal models of asthma, there has been a growing
interest in analyzing these ligands and to use them as new therapeutic targets in human lung
diseases and asthma. Neutralizing and blocking antibodies to the human PD-1, PDL-1 and
PD-L2 are available. Their cross-reactivity with the equivalent molecules encoded by the
genomes of non-human primates will provide an opportunity to test the importance of their
regulatory pathway in the pathogenesis of allergic diseases and asthma. Particularly, PD-L1
blockade or the activation of PD-L2 pathways by fusion proteins or antibodies might
provide an effective way in reducing asthma pathogenesis. However, because of the
complexity of the crosstalk between immunoregulatory pathways, these approaches
preferentially need to be managed locally and subjects needs to be carefully monitored.

Conclusion
It has become clear that PD-1 plays critical roles in the regulation of autoimmunity, tumor
immunity, infectious immunity, transplantation immunity and in the definition of immune
privilege. A novel function of PD-1 and its ligands in asthma pathogenesis was recently
studied and revealed a crucial costimulatory function of the PD-1 ligands PD-L1 and PD-L2
in asthma pathogenesis. There is strong evidence that PD-L1 is involved in the maintenance
of peripheral tolerance and that PD-L1 contributes to the induction of asthma. In addition,
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there is evidence from animal models of allergy and asthma that PD-L1 and PD-L2 have
opposing roles in modulating and polarizing T cell functions in AHR and airway
inflammation. With an increased understanding of the role of PD ligands for controlling
airway hyperresponsiveness and asthma, new pathways leading to therapeutic strategies in
the treatment of allergic diseases are expected.
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Figure 1. Role of programmed cell death ligands, PD-L1 and PD-L2 in allergic asthma
Upon recognition and activation, pulmonary dendritic cells express PD-L1 and PD-L2.
PD-1/PD-L1 interaction produces a Th2 response with more IL-4 production which leads to
increased AHR (right). However, PD-1/PD-L2 interaction initiates a Th1 type response with
increased expression of IFN-γ and subsequently reduces the AHR (left). Simultaneous
expression of PD-L1 and PD-L2 neutralizes the single effects and does not lead to
immediate polarization of T cells (middle).
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Table 1
Immunoregulatory functions of Programmed cell death ligands, PD-L1 and PD-L2

Disease Role of Programmed cell death Ligand Reference

Programmed cell death Ligand 1 (PD-L1)

Allergic asthma • PD-L1-/- mice have reduced AHR. Akbari et al.(28) 2010

• Blocking antibodies against PD-L1 show increased Th1 cytokine
response in mice.

Matsumoto et al.(58) 2004

Other allergic diseases • Keratinocyte-associated PD-L1 downregulates the effector function
of CD8 T cells at local inflammatory sites and plays a role in
peripheral T cell tolerance against exogenous Antigens.

Ritprajak et al.(86) 2010

Immunoregulation • In NOD mice blockade of PD-L1 leads to insulitis and
proinflammatory cytokine production by T cells.

Wang et al.(16) 2005

• In experimental autoimmune encephalomyelitis (EAE), PD-L1
expressed by CNS myeloid APC negatively regulates T-cell
activation.

Schreiner et al.(15) 2008

• PD-L1 can inhibit T cell responses by promoting both the induction
and maintenance of induced regulatory T cells.

Francisco et al.(56) 2009

Microbial Pathogenesis and
Infectious Disease

• PD-L1-/- mice clears adenovirus infection more rapidly but develops
severe hepatocellular injury.

Iwai et al.(19) 2003

• Blocking PD-1:PD-L1 interactions in-vitro reverses the exhaustion
of HIV, HBV, HCV, and SIV specific CD8 and CD4 T-cells and
restores proliferation and cytokine production.

Day et al.(18) 2006, Boni et al.
(17) 2007, Urbani et al.(22) 2006,
Velu et al. (23) 2007.

• PD-L1-/- mice show reduced growth of cutaneous lesions and
parasite burden upon infection with Leishmania mexicana.

Liang et al.(20) 2006

Transplantation • Administration of PD-L1 blocking antibodies accelerates transplant
rejection.

Hori et al.(26) 2006, Ito et al.(27)
2005.

Tumor Immunity • PD-L1 expression on tumors inhibits T cell activation and lysis of
tumor cells in mice.

Dong et al.(78) 2004.

Immunopathology • Blockade of PD-L1 on vascular endothelial cells enhances IFN-γ
production and cytolytic activity of CD8 T cells in-vitro.

Rodig et al.(42) 2003.

Programmed cell death Ligand 2 (PD-L2)

Allergic asthma • PD-L2-/- mice developed significantly higher AHR. Akbari et al.(28) 2010

• Administration of PD-L2 blocking antibodies in mice model of
asthma blocked the development of airway inflammation.

Radhakrishnan et al.(59) 2004

Other Allergic diseases • Administration of PD-L2 blocking antibody enhances eosinophilic
infiltration in experimental allergic conjunctivitis in mice.

Fukushima et al.(85) 2006

Immunoregulation • PD-L2-/- mice show increased CD68 (+) cells along with elevated
circulating IgG in glomeruli in autoimmune kidney disease.

Menke et al.(14) 2007

• PD-L2 negatively regulates T cell activation in-vitro and in-vivo and
mediates oral tolerance.

Zhang et al.(62) 2006

Microbial Pathogenesis and
Infectious Disease

• Administration of PD-L2 blocking antibodies inhibit T-cell
proliferation on activated macrophages in Taenia crassiceps.

Terrazas et al.(21) 2005

• PD-L2-/- mice developed exacerbated disease with increased parasite
burden upon infection with Leishmania mexicana.

Liang et al.(20) 2006

Tumor Immunity • PD-L2 has been identified as being highly expressed in Hodgkin
lymphoma cells by microarray analysis.

Rosenwald et al.(25) 2003
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