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Abstract

Plasmacytoid (p) dendritic cells (DC) are a specialized subset of DC whose primary role was
initially defined by the production of type I interferons in response to viral infection. They are now
known to also possess a repertoire of functions capable of determining T cell fate and activation.
Under homeostatic conditions, non-lymphoid tissue-resident pDC play a critical role in the
regulation of mucosal immunity, as well as the development of central and peripheral tolerance.
Although these cells display a number of characteristics that differ from conventional DC,
particularly altered costimulatory molecule expression and poor allostimulatory capacity when
interacting with T cells, this phenotype favors the generation of alloantigen-specific regulatory
CD4* or CD8* T cells critical to the development of graft tolerance. In this minireview we discuss
pDC ontogeny, functional biology and the emerging data that demonstrate the importance of pDC
in the induction of tolerance, as well as recent studies that define mechanisms underlying pDC-
mediated tolerance to both solid organ and hematopoietic stem cell transplantats. We also
highlight their use in clinical settings and the potential of pDC both as targets and cellular
therapeutic agents to improve the outcome of organ transplantation.
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Introduction

Plasmacytoid (p) dendritic cells (DC), first identified in humans over 50 years ago, represent
a previously enigmatic subset of DC (1) so-named for their plasma-cell like appearance
when unstimulated. Their primary function was thought to be production of type I
interferons (IFN) following viral infection (2). While pDC are phenotypically and
functionally distinct in many respects from classical, or conventional DC (cDC), these
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subsets are connected by a defined role that links innate and adaptive immune responses.
Recent progress in the identification of pDC-specific cell surface markers and growth-
promoting factors has improved their purification, characterization and mobilization for
comprehensive study. The limited immunostimulatory characteristics of pDC that
distinguish them from cDC make the former an attractive therapeutic target for promoting
tolerance in solid organ or hematopoietic stem cell transplantation.

pDC ontogeny

DC development exhibits considerable plasticity and complexity, and may be different for
lymphoid and non-lymphoid tissue DC, or for DC generated during immune responses
compared to the steady-state (3). Signaling pathways regulating DC subset ontogeny has
been expertly reviewed by Belz and Nutt (4). DC can be detected in the murine thymus as
early as embryonic day 17, coinciding with thymocyte development and the initiation of
processes that selectively determine T cell fate. Both cDC and pDC appear concurrently and
populate thymic tissue at equivalent rates (5). After birth, the proportion of pDC within the
spleen decreases as cDC numbers increase, but remains constant within other secondary
lymphoid tissues (lymph nodes).

Under homeostatic conditions, DC in peripheral organs have a half-life of only a few (5-7)
days, although this may be as long as 25 days for pulmonary DC, and therefore undergo
rapid and constant turnover from circulating and local precursors. Like cDC, pDC originate
from CD34* hematopoietic progenitors in the bone marrow (BM) and enter the peripheral
circulation as precursor DC (pre-DC) before reaching their final tissue locations. The
original paradigm of cDC having ‘myeloid’ and ‘lymphoid’ etiologies, and of pDC
originating from the latter precursor group (6) based on a genetic profile that more closely
resembles B and T cells, with D-J gene rearrangements and Rag gene expression (7), is now
known to be incorrect. Both common lymphoid or myeloid progenitors can differentiate into
pDC or cDC invitro and in vivo (8). The zinc finger transcriptional regulator Ikaros is
essential for DC development, and Ikaros gene knockout depletes all DC lineages (9),
consistent with the role of this factor for normal hematopoietic progenitors. IFN regulatory
factors (IRF) 4 and 8, and the transcriptional factors purine-rich nucleic acid binding protein.
1 (PU.1) and growth factor independent 1 transcription repressor (Gfil) also critically
determine global DC development; Gfil deficient mice show defects in both DC subsets
(10). Specific pDC lineage commitment is determined by the transcription factors E2-2
(which, in turn, regulates expression of IRF 7 and 8) (11) and Spi-B in humans (expressed
exclusively in lymphoid cells) (12). However, no pDC precursor lacking the ability to
transform into cDC has been identified, and BM pDC may alter their phenotype in the
context of viral infection (13).

In addition to transcriptional programming for DC ontogeny, specific cytokines are required
to promote the differentiation and expansion of DC subsets. Fms-like tyrosine kinase 3
ligand (FIt3L) is crucial for general DC diversification in both humans and mice and their
amplification invitro and in vivo, and it alone is critical for pDC propagation, although
macrophage colony-stimulating factor (M-CSF) has also been implicated recently (14).
Granulocyte-macrophage (GM)-CSF preferentially promotes cDC at the expense of pDC in
a signal transducer and activator of transcription (STAT) 5-dependent manner (5), as
STATS5-deficient hematopoietic progenitors can repopulate the pDC lineage. FIt3L has also
been used successfully to mobilize circulating, lymphoid tissue-based, and interstitial
hepatic and renal pre-DC subsets in non-human primates (NHP) and human volunteers,
although a more substantial effect is seen in the cDC population (15).
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pDC phenotype and receptor expression

The phenotypic characteristics of pDC are now well-defined and distinct from cDC. A
current list of pDC surface markers and receptors and their functions is shown in Table 1.
Within the lineage"CD4*MHC class 11"CD11c™ population, human pDC express high
density CD123 (IL-3 receptor [R] a chain) and CD45RA, Ig-like transcript (ILT) 7 (16), C-
type lectins blood DC Ag (BDCA)-2 and —4 (although the latter is not pDC-specific),
leukocyte-associated Ig-like receptor-1 (LAIR1) (17) and CD2. Increased CD2 expression
can distinguish pDC subsets capable of lysosomal and cytolytic activity (18). NHP pDC
exhibit similar morphology, phenotype and function compared to their human counterparts
(19). They are clearly identified within Lin"MHCII*CD123*CD11¢"CD11b™ populations,
and express low-level CD40 and CD86. CD123 remains the only definitive NHP pDC
marker, although limited to detection in old world primates.

Naive murine pDC express DC antigen (Ag) (PDCA)-1, also known as CD317/BM stromal
cell Ag-2 (BST2)/tetherin (20). This molecule is not exclusive to pDC, but is upregulated in
other cell types activated by exposure to type | IFN or IFN-y. pDC also express several
receptors that differentially regulate type-I IFN production in response to Toll-like receptor
(TLR) ligation. Although they are incapable of independent signaling, they do so using
adapters containing intracellular tyrosine-based activating or inhibitory motifs (ITAM or
ITIM, respectively). Sialic acid-binding Ig-like lectin (Siglec)-H is a member of the Ig
superfamily and signals via the transmembrane adaptor DNAX activation protein of 12kD
(DAP12) or FcRy adapters to mediate Ag endocytosis, although it is down-regulated in viral
infections and impairs type-I IFN secretion (21). pDC-TREM (triggering receptor expressed
on myeloid cells) and Ly49Q, the latter a C-type lectin binding MHC class I, both enhance
IFNa production (22). Following their adoptive transfer, pDC typically lack TLR2-5
displayed by cDC, but contain TLR7 and -9 within endosomal compartments. Naive pDC
express nominal quantities of TLR4 (23), but these may be upregulated by exposure to LPS,
and induce conversion of conventional CD4*CD25~ T cells into forkhead box P3 (FoxP3™)
regulatory T cells (Treg) with immunosuppressive capacity. TLR9 promotes responses to
CpG-oligonucleotides (bacterial DNA); TLR7 (highly homologous to TLR9) may
discriminate nucleic acid structures and single-stranded RNA, and responds to synthetic
guanine analogues.

pDC location and trafficking

Under homeostatic conditions, pDC are found predominantly in T cell areas of peripheral
lymphoid organs, but form clusters upon activation, compared to cDC that localize to
marginal zones but distribute throughout T cell areas following activation. All DC subsets
emigrate from the BM via the peripheral circulation to secondary lymphoid tissue (lymph
nodes, spleen) facilitated by expression of L-selectin (non-inflamed states) or E-selectin
(inflamed states) in high endothelial venules (24). Although chemokine receptor profiles are
consistent between pDC and cDC (including CXCR3 & 4, CCR1, CCR2, CCR5 and CCRY7),
many are non-functional (CCR7 can mediate migration in vitro (25)) and are down-
regulated in pDC in response to inflammatory stimuli. CCR9 has been identified recently as
a marker of Ag-bearing pDC migrating to the thymus, as well as the small intestine (26).

Role of pDC in innate and adaptive immunity

The primary function of pDC is their capacity to sense pathogens dependent upon TLR
engagement, produce large amounts of type-I IFN (27), IL-6 and tumor necrosis factor
(TNFa), and thus regulate long-term T cell survival and T helper 1 (Th1) cell skewing, cDC
activation, and B cell differentiation. pDC display poor T cell (allo) stimulatory capacity
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since they lack the ample endocytic capacity shown by ¢cDC (28), as well as mature
cathepsins required for Ag processing. Moreover, they express only low levels of cell
surface costimulatory molecules (28). However, they play a key role in linking and
regulating anti-viral innate and adaptive immunity (29). Figure 1 depicts phenotypic and
functional properties of pDC, indicating the molecules that regulate their activation and
immune modulatory functions.

pDC and Central tolerance

There are increasing data showing that pDC play critical roles in the induction and
maintenance of central tolerance. Circumstantial evidence suggests that this is through both
the deletion of autoreactive T cells and the production of FoxP3* Treg. A significant
proportion of murine thymus-based DC arrive from the peripheral circulation laden with Ag
and are capable of deleting Ag-specific T cells (30). pDC have also been identified in the
cortex and medulla of human thymus. The murine thymus contains three major DC subsets,
one of intra-thymic origin derived from thymic progenitors that develop into signal-
regulatory protein [SIRP]Ja~CD11b~CD8aM ¢DC and predominantly regulate T cell
negative selection, and two extrathymic thymic-homing DC populations comprising pDC
and a SIRPa*CD11b*CD8a~ subset cDC (31). Indeed, the majority of pDC are immigrants
from extrathymic tissues able to endocytose and transport peripheral Ag for subsequent
presentation/promotion of central tolerance (32). Their entry into the thymus upregulates
CD11c, MHC class Il and CD8a expression. Thymic migration of pDC is dependent upon
CCR9 and an absence of TLR signaling (33). The ability of thymic pDC to drive
CD4*CD25*FoxP3* Treg development has been documented (34). Additionally, there is
evidence that human activation of pDC (via TLR7 or 9) induces expression of the thymic
stromal lymphoprotein (TSLP) receptor and subsequent education in the presence of TSLP
generates FoxP3* Treg from CD4*CD8~CD25™ thymocytes (35). A distinct feature of pDC-
generated FoxP3*Treg is their greater production of IL-10 and TGFf compared to those
derived from interactions with cDC.

pDC and mucosal tolerance

Recent novel data have demonstrated the role of pDC in the induction and regulation of
mucosal tolerance to innocuous ingested or inhaled Ag. Thus, murine hepatic pDC induce
Ag-specific suppression of CD4* and CD8" T cell responses mediated by deletion or
anergy. Moreover, tolerance is impaired by administration of either pDC-depleting Ab anti-
Grl or 120G8 prior to Ag exposure (36). Human tonsillar pDC generate functional
CD4*CD25*CD127 (IL-7Ra)~ FoxP3* Treg from naive T cells, and co-localize in vivo in
palatine and lingual tonsils with CD4*FoxP3* Treg (37). Pulmonary pDC endocytose and
present Ag to suppress effector T cell generation by cDC. Adoptive transfer of these pDC
prevents the induction of murine allergic asthma and pDC depletion leads to cardinal
features of Th2 cell-associated asthma (38). Altered pDC phenotype and function may also
limit intestinal responses to commensal bacteria. Thus, Peyer’s patch pDC fail to produce
type-I IFN, although the same alteration in response can be generated in splenic pDC
exposed to TGFp, prostaglandin (PG) E, and IL-10, suggesting a role for local regulation of
pDC function by the mucosal milieu (39). In addition, oral tolerance requires a two-step
process, each phase mediated by pDC: initial allergen exposure depletes Ag-specific hepatic
and mesenteric lymph node CD8" T cells, followed by activation of lymphoid tissue-based
Treg to suppress remaining effector T cells (40).
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pDC and transplant tolerance

The advent of modern immunosuppressive agents (particularly calcineurin inhibitors) has
remarkably diminished acute allograft loss, but now detrimentally influences long-term graft
and patient survival. The burden of excess cardiovascular, infectious or malignant morbidity
and mortality has led to strategies aimed at eliminating immunosuppression. Currently, no
tolerizing immunosuppressive protocols are accepted into routine clinical practice, nor are
there firmly established genetic signatures to predict operationally tolerant patients.
However, harnessing the tolerogenic potential of immune cell therapy in transplantation (41,
42), including pDC-based therapy, may provide an opportunity to accomplish this goal.

(i) Pre-clinical models

There has been debate over whether pDC are capable of inducing an alloimmune response,
as robust Ag presentation to T cells remains vital to their role as immunological mediators.
It has been reported that adoptive transfer of MHC class I1-competent pDC into MHC-
deficient mice (resistant to graft-versus-host disease [GVHDY]) allows priming of
alloreactive CD4* and CD8* T cells to promote GVHD equivalent to that seen following
reconstitution with cDC (43). Also, in a model of MHC-mismatched orthotopic murine lung
transplantation, adoptive transfer of PDCA-1* pDC led to T cell priming and induction of
allograft rejection (44).

Despite these observations, considerable evidence has emerged in recent years that supports
arole of pDC in regulating the induction and/or maintenance of tolerance to solid organ or
hematopoietic stem cell (HSC) allografts (see Tables 2 & 3), although their tolerogenic
function is less well-defined than that of cDC. Like cDC, pDC display a ‘dual’ functionality
of immunogenicity versus tolerogenicity based on receptor ligation and maturation status.
Generation of CD4*CD25*FoxP3* Treg occurs following interaction with TLR9-ligated
pDC (45), and regulatory CD8* T cells are generated by CD40 ligand-activated pDC (46).
Abe et al (47) and Bjorck et al (48) first reported prolongation of murine heterotopic cardiac
allograft survival following infusion of FIt3L-mobilized BM-derived pre-pDC, or freshly-
isolated splenic pDC respectively (in conjunction with CD40L mAb therapy). In a transplant
tolerance model using donor-specific transfusion and CD40L mAb, Ochando et al (49)
demonstrated an essential requirement for pDC in the induction of tolerance to cardiac
allografts through Ag acquisition and presentation in draining lymph nodes, and the
induction of alloAg-specific lymph node-based CD4*FoxP3* Treg. Depletion of pDC using
mADb inhibited Treg development and subsequent transplant tolerance. These findings have
been corroborated in a model using CCR7-deficient mice that lack lymph node-based pDC
and fail to develop cardiac allograft tolerance (50). Adoptive transfer of CCR7* pDC (but
not cDC) successfully restores tolerance. In rats, CD8* Treg-mediated tolerance to heart
allografts is also mediated by both allograft and splenic pDC (51).

pDC constitute the major cell phenotype in the facilitating cell (FC) population shown to
enable allogeneic HSC transplantation (52). These CD8*TCR™ FC constitute a
heterogeneous population that can be expanded in vitro and mobilized in vivo by FIt3L, and
share specific functional traits with pDC (activation by CpG-ODN and subsequent
production of IFNa and TNFa). Total FC infusion leads to long-term host survival
following MHC-mismatched HSC transplantation, with donor-specific skin graft tolerance,
which is abrogated by depletion of pre-pDC, but not recapitulated by infusion of pre-pDC
alone (52). Depletion of pDC from BM grafts has been reported to accelerate acute GVHD
(aGVHD) mortality; in addition, the influence of ongoing GVHD leads to an inability to
durably reconstitute this cellular compartment and thus inhibit T cell proliferation (53).
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In secondary lymphoid organs, immature pDC express CCR9 that is down-regulated in
response to maturation-inducing pDC-restricted TLR ligands and induce CD4*CD25* Treg
with Ag-specific suppressive activity in vitro and in vivo (33). CCR9™ DC appear to be
precursors of cDC, rather than a separate pDC subset. Concurrent infusion of CCR9* pDC
with CD4*CD25" effector T cells and BM into lethally-irradiated mice rescues them from
aGVHD.

(ii) Clinical transplant tolerance and relation between pDC and allograft outcome

Despite convincing evidence of pDC-mediated allograft tolerance in rodent models, few
studies have been performed to ascertain the contribution of pDC in clinically—relevant
transplant tolerance (see Table 4). Not surprisingly, assessment of pDC-based cell signatures
and correlation with allograft outcome have been most common in recipients of liver
transplants that experience the highest incidence of operational tolerance. Thus, operational
tolerance in pediatric liver recipients is associated with higher peripheral blood pre-pDC
numbers (compared to pre-cDC), as well as elevated B7-H1 (programed death ligand-1;
CD274):CD86 ratios on these cells (54-56). Donor pDC subsets are consistently
undetectable in recipients of orthotopic lung transplants (57), and although no correlative
studies have has been performed, may account for higher rates of allograft rejection in these
patients.

The role of pDC in clinical HSC transplantation and its relevance to distinct clinical
outcomes (patient survival, event-free survival [EFS], incidence of acute or chronic (c)
GVHD) is not clearly defined in the current literature (58, 59). The varying results may be
influenced by differences in stem cell source, conditioning regimens, pDC identification by
flow cytometry, and whether peripheral blood or BM pDC content are analyzed. Prior to
more accurate determination of pDC, increased populations of BM-resident
CDA4brightcD3-Lin"HLA-DR*CD123*CD11c™ cells (presumptive pDC) were associated
with both lower EFS and cGVHD (60). Higher incidences of graft pDC have been
associated with decreased EFS in more recent studies (59), although lower peripheral blood
pDC are generally associated with augmented severity of acute and chronic GVHD (58).

In a recent landmark study, Leventhal et al (61) utilized HSC enriched for FC (composed
predominantly of pre-pDC), in conjunction with non-myeloablative conditioning, to promote
chimerism and tolerance in patients receiving an HLA-mismatched living-donor kidney
allograft. The recently published phase Il trial (62) reports on 15 transplant recipients, 9 of
whom exhibited enduring chimerism and immune competence, with no GVHD despite HLA
disparity.

Mechanisms of pDC-mediated tolerance

Limitations regarding successful in vitro propagation of pDC, as well as in vivo
characterization and isolation of sufficient pDC numbers, have limited ability to extensively
assess mechanisms underlying pDC-mediated allograft tolerance. Expansion of pDC ex vivo
with FIt3L however, has enabled improved understanding (see Figure 1).

The well-recognized pDC characteristic of poor T cell allostimulatory capacity may be a
function of persistent MHC class Il ubiquitin E3 ligase membrane-associated RING-CH1
(MARCHZ1) expression despite maturation, a feature that is lost with cDC activation,
allowing stable cell-surface exogenous Ag:MHC class Il complexes for presentation (63) It
has been posited that weak TCR stimulation and/or low-level Ag presentation by pDC
promotes Treg induction, a key feature in multiple models of transplant tolerance (see Table
2). The transcription factor PU.1, critical to pan DC development (64) also modulates MHC
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class Il expression and may be the ‘missing link’ in pDC provision of decreased T cell
signaling.

Two additional but distinct patterns of cell surface marker expression on pDC underline
their regulatory propensity. The overall lower level of co-stimulatory B7 family molecule
expression and concomitant high level of co-inhibitory B7-H1, as well as elevated B7-H1:
CD80/86 ratio, differs significantly from the intensity of costimulatory molecule expression
by ¢DC and confers inhibition of T cell stimulation (47). B7-H1 up-regulation and induction
of Treg by murine pDC appears to be governed by the IL-12 family member IL-27 and
STAT3 (65). The clinical relevance of these findings has been demonstrated by Tokita et al
(66), who showed that pre-pDC B7-H1: CD86 expression was highest in pediatric tolerant
liver transplant patients and correlated with CD4* Treg in peripheral blood. pDC location
may also correlate with functional difference. For example, hepatic pDC produce less
IL-12p70 (bioactive form), but equivalent IL-10 when compared to splenic pDC, in addition
to biased production of Th2 cytokines and CD4" T cell apoptosis (66).

The inducible co-stimulator (ICOS) pathway negatively regulates T cell activation via APC,
and pDC increase their ICOS ligand (ICOS-L) expression following maturation via TLR or
CDA40 ligation to preferentially drive 1L-10-producing Treg (67). This is in direct contrast to
cDC, that require an immature phenotype to prevent priming of naive T cells. The
tryptophan-depleting enzyme indoleamine 2,3-dioxygenase (IDO) has been shown to
regulate T cell cycle progression and thus potently inhibit T cell responses. Mellor et al (68)
identified a mouse splenic DC subset (CD11¢*B220"CD19: putative pDC) that expressed
high-level IDO following cytotoxic T lymphocyte Ag (CTLA) 4-1g administration to block
B7-CD28 interaction in vivo and that subsequently blocked alloAg-induced T cell
proliferation. There is more recent evidence of induction of phenotypically-stable,
tolerogenic pDC following exposure to TGFp, that function in a manner dependent on IDO,
but independent of enzymatic activity (69).

pDC express a functional CD200 R that when engaged by an Ig-fusion protein concurrent
with TLR ligation, induces functional IDO expression. This effect is mitigated by addition
of the IDO inhibitor IMT, or in pDC from IFNafR~/~ mice (70). A similar effect on IDO is
seen with pDC-based glucocorticoid-induced TNFR-related ligand (GITRL) engagement by
dexamethasone, resulting in protection from airway allergens (71). Additionally, in a rat
model of allograft tolerance, regulation of alloreactive CD4* T cells by pDC-induced CD8*
Treg occurs via both a contact- and IDO-dependent mechanism, and a contact-independent
but IFNy-dependent pathway (51).

Conclusions

The increasing body of knowledge regarding the ability of pDC to regulate immunological
responses to self- and allo-Ag has enhanced understanding of immunity and tolerance in
transplantation and autoimmune disease. It has also made these cells attractive targets and
options for potential cell therapy, both in pre-clinical animal models (47, 48, 52) and
humans (62). pDC clearly possess tolerogenic functions that may exceed the regulatory
capacity of cDC, and may be a more appropriate cellular alternative for the induction of
clinically-applicable tolerance.
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Abbreviations

cDC conventional dendritic cell
Foxp3 forkhead box P3
IFN interferon
pDC plasmacytoid dendritic cell
TLR Toll-like receptor
Treg regulatory T cells
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Figure 1. Phenotypic and functional characteristics of pDC

pDC respond to viral infection via recognition of viral nucleic acids by endosomal TLR7
and 9, activated (phosphorylated; P) IRF7-mediated production of type-1 IFN, cytotoxic
molecules (granzyme B) and expression of cell differentiation markers (CD40, CD86,
CCRY), and to bacterial infection by secretion of pro-inflammatory cytokines (TNFa; I1L-6)
mediated through TLR4. BM stromal cell Ag-2 (BST2; tetherin = CD137) is modulated by
IFN responses through the ITAM-bearing signaling receptor Ig-like transcript (ILT) 7, in a
negative feedback fashion. TSLP receptor expression, produced in response to TLR ligation,
inhibits IL-17 production by T cells and promotes CD4" Treg development. CCR9 (homing
receptor)* pDC in lymphoid tissue are potent inducers of Treg function, and can suppress
Ag-specific immune responses. Surface-expressed PD-L1 (= B7-H1; CD274) and ICOS-L
are also implicated in regulation of alloimmune cell responses, Treg development and
suppression of alloreactive T cells. pDC also act as tolerogenic cells by expressing the
inducible immunoregulatory enzyme IDO. cDC=conventional DC
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Table 1

Plasmacytoid DC surface markersand receptors

Markers/receptors that distinguish pDC from conventional DC are indicated in bolded type.

Species

pDC Marker/Receptor

Function

Mouse

CD11¢"°CD11b~B220*Gr-1*
Siglec H*

Ly6C
CD8a
mPDCA-1(CD317/tetherin)
CCR9

Ly49Q

LAG-3

CD200R

PDC-TREM

TLR7,9

Regulates type-1 IFN production; endocytic receptor, no endogenous ligand
known

Transmits signals for T cell activation and cytotokine production
Increased expression following FIt3L treatment

Up-regulated by inflammation; inhibits spread of virus
Regulates transport of peripheral Ag to the thymus

Regulates type | IFN production

Binds MHC-II, down-regulates T cell stimulation

Ligation induces IDO expression

Regulates type | IFN production

Viral detection

NHP (rhesus macaque)

Lin"MHC class Il *
CD123*

1L-3 receptor

Human

CD4*CD45RA*Lin"MHCII*CD11c™
ILT7

ILT3*ILT1"

FcyRlla (CD32)

CD62L, CD36

CD123

CD68

LAIR-1

cp2hi

BDCA2 (CD303)

BDCA4 (neuropilin-1)
TLR7,9

L-selectin, PSGL
CCR2*CCR4"°CCRSNCCR7*
CXCR3MNCXCR4*CXCR2'®
C3aR*Cb5aR*

IL-18R

Inhibits type-1 IFN production

Modulates type-I IFN production

Induces phagocytosis of opsonized microbes
Ag internalization for T cell presentation

IL-3 receptor

Binds low density lipoprotein

Regulates type I IFN production

Cytolytic capacity

Ag capture, inhibits type I IFN production
Receptor for vascular endothelial growth factor
Viral detection

Ligands for E selectin

Chemokine receptors; CCR71 with maturation
Chemokine receptors

Complement component receptors

Binds IL-18

*

Abbreviations: FIt3L: fms-like tyrosine kinase 3 ligand; NHP: non human primate; Siglec-H: sialic acid-binding Ig-like lectin; LAG-3:
lymphocyte activation gene; PDC-TREM: triggering receptor expressed on myeloid cells; ILT: 1g-like transcript; IDO, indoleamine dioxygenase;
LAIR-1: leukocyte-associated 1g-like receptor; PSGL, P-selectin glycoprotein ligand-1.
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Impact of pDC on allogeneic HSC transplant outcome in rodents
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Model pDC Characteristics pDC Source Outcome Reference
Mouse allo- HSCT* CCR9*B220*CD11c" pDC B16-FIt3L- Inhibition of acute GVHD; | (33)
secreting expansion of FoxP3*Treg,
melanoma suppression Th17 cells, T
infusion cell hyporesponsiveness
Mouse alloHSCT (H2-Ab17") MHCII* pDC FIt3L-mobilized pDC alone primed (43)
alloreactive T cells, caused
GVHD
Mouse alloHSCT FC (CD8a*TCR") B220*CD11c'°CD11b" Freshly-sorted 95% survival with FC (52, 72)
from FIt3L-treated | (51% survival with p-
mice preDC); Ag- specific
CD4*FoxP3*Treg
induction
Mouse alloHSCT B220*Lin~ CD11c*PDCA1* BM pDC, flow- pDC augment T cell GVL (73)
sorted effect, attenuated GVHD
effect; T cell IFNy induces
pDC IDO

Abbreviations: FC, facilitating cell; FIt3L, fms-like tyrosine kinase 3 ligand; GVHD, graft-versus-host disease; GVL, graft-versus-leukemia;

HSCT, hematopoietic stem cell transplant; IDO, indoleamine 2,3-dioxygenase
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Table 4

Association of pDC levels with outcome in clinical organ and HSC transplantation
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TRANSPLANT pDC Characteristics CLINICAL OUTCOME REFERENCE

Liver Precursor mDC and pDC Tolerant or reduced IS™ patients have higher precursor (55)
pDC:mDC ratio
AlloHSCT Peripheral blood Lin"CD11¢7ILT3~ Increased pDC count associated with absence of GVHD, (58)
pDC 3 months after HSCT improved survival, lower infections
Liver pDC counts in tolerant and reduced 1S PD-L1:CD86 ratio on pre-pDC higher in tolerant patients (66)
patients and correlates with Treg

Liver, (pediatric) CD11c* mDC, CD123* pDC mDC:pDC ratio >1.78 associated with rejector status (54)
AlloHSCT Intra-graft pDC (CD123*) Higher pDC associated with higher risk of relapse, lower (59)

overall survival

Abbreviations: IS, immunosuppression; ILT3, Ig-like transcript 3
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