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Abstract
Plasmacytoid (p) dendritic cells (DC) are highly-specialized APC that, in addition to their well-
recognized role in anti-viral immunity, also regulate immune responses. Liver-resident pDC are
considerably less immunostimulatory than those from secondary lymphoid tissues and are
equipped to promote immune tolerance/regulation through various mechanisms. IL-27 is an IL-12-
family cytokine that regulates the function of both APC and T cells, although little is known about
its role in pDC immunobiology. In this study, we show that mouse liver pDC express higher levels
of IL-27p28 and EBV-induced protein (Ebi)3 compared to splenic pDC. Both populations of pDC
express the IL-27Rα/WSX-1; however, only liver pDC significantly upregulate expression of the
co-regulatory molecule B7 homolog-1 (B7-H1) in response to IL-27. Inhibition of STAT3
activation completely abrogates IL-27-induced upregulation of B7-H1 expression on liver pDC.
Liver pDC treated with IL-27 increase the percentage of CD4+Foxp3+ T cells in MLR, which is
dependent upon expression of B7-H1. pDC from Ebi3-deficient mice lacking functional IL-27,
show increased capacity to stimulate allogeneic T cell proliferation and IFN-γ production in
MLR. Liver but not spleen pDC suppress delayed-type hypersensitivity responses to OVA, an
effect that is lost with Ebi3−/− and B7-H1−/− liver pDC compared to wild-type (WT) liver pDC.
These data suggest that IL-27 signaling in pDC promotes their immunoregulatory function and
that IL-27 produced by pDC contributes to their capacity to regulate immuneresponses in vitro and
in vivo.
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INTRODUCTION
The liver is a unique immunologic organ with inherent characteristics that promote immune
tolerance [1, 2]. Constant exposure to gut-derived products via the portal venous blood
conditions the liver microenvironment to suppress unwanted inflammatory responses to
harmless or inert Ags, such as proteins from food or derived from commensal bacteria [2].
The liver contains a diversity of cells with Ag-presenting capacity, including liver sinusoidal
endothelial cells, Kupffer cells or liver-resident macrophages, hepatic stellate cells, and
dendritic cells (DC)3. The distribution of these APC within the liver sinusoids leads to
specialized functional interplay with one another and with NK cells, T cells, and
hepatocytes, and helps shape this unique microenvironment [2].

DC are bone marrow (BM)-derived, professional APC that are the most potent activators of
T cell-mediated immune responses constituting a critical link between innate and adaptive
immunity. The two main subsets in the mouse are conventional DC (cDC;
CD11c+CD11b+NK1.1−) and plasmacytoid DC (pDC; CD11b−CD11clowB220+CD8α−).
Steady-state pDC express mouse plasmacytoid DC Ag-1 (mPDCA-1) or BM stromal Ag
(BST)-2/CD317 [3], and the endocytic receptor, Siglec-H [4]. They express high levels of
endosomal TLR 7, 8 and 9 that sense single-stranded viral RNA (ssRNA; TLR7 and 8) and
unmethylated, CpG-rich viral and bacterial ssDNA (TLR9) [5]. pDC are the primary type-I
IFN producers in response to viral infection [5–7]. They are weaker T cell stimulators than
cDC, and can promote T cell hyporesponsiveness and regulatory T cell (Treg) function [8–
10]. Consequently, pDC have been linked to the development of tolerance in various
experimental models and disease states [11].

Liver pDC express low levels of MHC class II and co-stimulatory molecules (CD40, CD80,
and CD86) compared to their counterparts in secondary lymphoid tissues, such as the spleen
[12, 13]. They also express comparatively high levels of the immunoregulatory cytokine
IL-10 and the B7 family coregulatory molecule, B7 homolog-1 (B7-H1 or programmed
death ligand-1, PD-L1) [14, 15], which are known to negatively regulate immune responses
[16–19]. Despite the implications of these findings for the function of liver pDC,
understanding of the molecular mechanisms that regulate liver pDC function and the
expression of immunoregulatory molecules by these cells remains underexplored.

IL-27 is a heterodimeric, IL-12-family cytokine comprised of the p40-like molecule EBV-
induced protein (Ebi)3 and the p35-like molecule p28 [20]. It is produced by APC, including
macrophages and DC, and signals through the heterodimeric IL-27R that consists of T cell
cytokine receptor (TCCR)/WSX-1 and the shared gp130 chains [21]. Signaling through the
IL-27R activates STAT 1, 3, 4, and 5, where STAT1 and STAT3 appear to be the primary
downstream targets, especially in T cells [22]. Activation of STAT1 by IL-27 has been
shown to drive Th cell responses toward a Th1/IFN-γ-producing phenotype that favors
immune activation and pathogen clearance [23]. By contrast, there is considerable evidence
[24–26] that IL-27 plays an important role in the induction of IL-10-producing, Foxp3−, T-

3Abbreviations used in this paper:
DC, dendritic cell; BM, bone marrow; cDC, conventional dendritic cell; pDC, plasmacytoid dendritic cell; PDCA-1, plasmacytoid
dendritic cell antigen-1; Treg, regulatory T cell; B7-H1, B7 homolog-1; DTH, delayed-type hypersensitivity; Ebi3, Epstein-Barr
Virus-induced protein 3; WT, wild type; Foxp3, forkhead box P3; B6, C57BL/6; ODN, oligodinucleotide; HA, heat-aggregated; CHS,
contact hypersensitivity; MFI, mean fluorescence intensity.
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regulatory 1 (Tr1) cells [27]. In support of an immunoregulatory influence on the outcome
of T cell responses, IL-27 has been found to suppress the development of inflammatory
Th17 cells [28, 29].

The IL-27R is expressed widely on hematopoietic cells and plays distinct roles in their
function, depending on the cell type on which it is expressed. Mouse splenic CD11c+ DC
lacking the IL-27Rα/WSX-1 exhibit prolonged upregulation of activation markers and
enhanced T cell stimulatory capacity following LPS stimulation [30], suggesting that IL-27
exerts immunoregulatory effects on DC. In addition, exposure of human monocyte-derived
DC to IL-27 decreases their T cell stimulatory capacity in a B7-H1-dependent manner [31].
It was reported recently that mouse splenic pDC express Ebi3 and that it is upregulated
following TLR ligation [32]. Moreover, pDC exposed to exogenous TGF-β increase IL-27
production [33]. Despite these recent important observations, studies linking IL-27 and pDC
function have not been reported.

Oral tolerance is a phenomenon where feeding of Ag induces Ag-specific
hyporesponsiveness upon subsequent exposure to the same Ag. It has been shown that
induction of oral tolerance is dependent on liver and portal vein blood flow [34]. DC play an
important role in oral tolerance through the capture and presentation of orally administered
Ag, and various immunologic sites have been implicated in this process [35–37]. Liver pDC
are reported as the key DC subset that mediates oral tolerance and that can also suppress Ag-
specific delayed-type hypersensitivity (DTH) responses [38, 39]. Systemic depletion of
PDCA-1+ pDC blunts the effects of Ag feeding in oral tolerance, and adoptive transfer of
PDCA-1+ liver pDC from OVA-fed mice at the time and site of immunization with OVA-
pulsed DC suppresses Ag-specific DTH responses upon rechallenge [39]. Additionally,
IL-27 production is elevated in mesenteric lymph node DC (CD11c+CD11b+ and
CD11c+CD11b−) from OVA-fed mice [40]. These data indicate a regulatory role for liver
pDC in promoting Ag-specific tolerance and suggest that upregulation of IL-27 may
contribute to this phenomenon. To date, however, there are no reports that link IL-27, liver
pDC, and Ag-specific immune regulation.

Herein, we report for the first time that mouse liver pDC produce IL-27p28 and express the
IL-27Rα/WSX-1. Exposure to exogenous IL-27 augments the expression of B7-H1 on liver
pDC, an effect that is mediated by STAT3. IL-27-conditioned liver pDC induce similar
levels of allogeneic CD4+ T cell proliferation compared to untreated control liver pDC, but
increase the proportion of CD4+Foxp3+ T cells in these cultures, a phenomenon that is
dependent upon B7-H1. pDC from Ebi3-deficient mice that do not produce IL-27 exhibit
greater CD4+ T cell stimulatory capacity in vitro compared to wild type (WT) pDC. In vivo,
liver but not spleen pDC from OVA-fed mice suppress DTH responses, an effect that is lost
with Ebi3−/− or B7-H1−/− liver pDC. These data suggest that IL-27 acts on pDC to promote
their regulatory function and that IL-27 produced by liver pDC contributes to their ability to
suppress immune responses in vitro and in vivo.

MATERIALS AND METHODS
Mice

Six-week old C57BL/6 (B6; H2b) and BALB/cByJ (BALB/c; H2d) mice were purchased
from The Jackson Laboratory (Bar Harbor, ME) and maintained in the specific pathogen-
free Central Animal Facility of the University of Pittsburgh School of Medicine. Ebi3−/−

mice (Ebi3tm1Rsb/J) purchased from Jackson and B7-H1−/− mice (pairs kindly provided by
Dr. Lieping Chen, Johns Hopkins University, Baltimore, MD), both on a B6 background,
were bred and maintained at the University of Pittsburgh. Experiments were conducted
under an Institutional Animal Care and Use Committee (IACUC)-approved protocol and in

Matta et al. Page 3

J Immunol. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



accordance with National Institutes of Health guidelines. The animals were fed a diet of
Purina rodent chow (Ralston Purina, St. Louis, MO) and received tap water ad libitum.

Media and reagents
The endogenous DC poietin recombinant human Flt3L (CHO cell-derived) was obtained
from Amgen (Seattle, WA). Complete medium was composed of RPMI-1640
(BioWhittaker, Walkersville, MD) supplemented with 10% v/v fetal calf serum (Nalgene,
Miami, FL), non-essential amino acids, L-glutamine, sodium pyruvate, penicillin–
streptomycin, and 2-mercaptoethanol (all from Life Technologies, Gaithersburg, MD). The
TLR9 ligand CpG type B oligodinucleotide (ODN) 1826, certified endotoxin free, was
obtained from Invivogen (San Diego, CA). Recombinant murine IL-27 was purchased from
eBioscience (San Diego, CA) and STAT3 Inhibitor VII and the STAT3 inhibitor JSI-124/
Cucurbitacin were purchased from Calbiochem/EMD Chemicals (Gibbstown, NJ).

Purification of liver and spleen pDC
pDC were purified as described [14]. Briefly, livers and spleens were harvested from mice
administered Flt3L (10 µg/mouse/day; 10 days) and digested in collagenase (Sigma, St.
Louis, MO). DC were enriched from total liver non-parenchymal cells or splenocytes by
density gradient centrifugation using Histodenz (Sigma). Liver and spleen cells were
depleted of NK1.1+ cells to remove NK cells and NKDC [41] by incubation with biotin-
conjugated NK1.1 (BD Pharmingen, San Diego, CA) and antibiotin magnetic microbeads
(Miltenyi Biotec, Auburn, CA), followed by depletion on an LS column (Miltenyi Biotec).
pDC were positively selected using PDCA-1 magnetic microbeads (Miltenyi Biotec). Purity
was consistently between 93 and 97%, where the majority of contaminating cells were
B220− CD11c+ cDC, with negligible contamination by B220+CD11c− B cells, as reported
previously [14]. In some experiments, cDC were isolated from NK1.1−PDCA-1− cells by
CD11c positive selection and stimulated with the TLR4 ligand LPS at 1 µg/ml.

Flow cytometric analysis of cell phenotype
Liver and spleen pDC were incubated in 5% v/v normal goat serum and FcγR-blocking Ab
(anti-CD16/32, BD Pharmingen) to block non-specific binding. For cell surface staining,
cells were analyzed by 5-color analysis using FITC-, PE-, APC-/AlexaFluor647-, Pacific
Blue-, and PE/Cy7-conjugated Abs. For analysis of PDCA-1+ pDC, surface expression of
MHC class II (I-Ab), CD40, CD80, CD86, B7H1, and WSX-1/IL-27Rα was quantified on a
population of B220+CD11clow gated cells. The gating strategy and expression of B220/
CD45R, CD11c, and Siglec-H on purified PDCA-1+ pDC is included in the supplemental
data (Suppl. Fig. 1).

Intracellular cytokine and Foxp3 staining
Purified PDCA-1+ pDC were cultured for 18 h with 1 µg/ml CpG B ODN or 10–25 ng/ml
IL-27 and treated with Golgi Plug Protein Transport Inhibitor (1 µl/ml; BD Pharmingen) for
the final 5 h. The cells were labeled for surface proteins as described above. For analysis of
cytokine production, cells were fixed with 4% v/v paraformaldehyde and permeabilized
using 0.1% saponin. pDC were stained for intracellular expression of IL-27p28 (BioLegend,
San Diego, CA) and IL-12p35 (R&D Systems, Minneapolis, MN) and T cells stained for
expression of Foxp3. For analysis of Foxp3 expression following cell surface staining, cells
were incubated overnight using the Foxp3 Fix/Perm kit (eBioscience).
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ELISA
Cytokine levels in culture supernatants were determined by ELISA using kits from
BioLegend (IL-6, IL-10, IL-12p40, and IFN-γ), and R&D Systems (IL-27p28), respectively,
following the manufacturers’ instructions.

RNA isolation and semi-quantitative RT-PCR
Total RNA was extracted using TRIzol (Invitrogen) and then reverse transcribed using the
iScript cDNA Synthesis kit (Bio-Rad). IL-27p28, Ebi3, IL-12p35, WSX-1, and β-actin DNA
products were amplified with Fast SYBR Green PCR Master Mix (Applied Biosystems;
Carlsbad, CA) using an ABI PRISM 7000 Fast Sequence Detection System (Applied
Biosystems). Relative gene expression was determined by comparing to a standard curve for
each gene and then normalized to β-actin. Primers used for IL-27p28 were forward: 5′-
ATCTCGATTGCCAGGAGTGA-3′ and reverse: 5′-
GTGGTAGCGAGGAAGCAGAGT-3′; Ebi3, forward: 5′-
ATTGCCACTTACAGGCTCGG-3′ and reverse: 5′- AAGCAGGGGGATGCCAGA-3′;
IL-12p35, forward: 5′- CTGTGCCTTGGTAGCATCTATG-3′ and reverse: 5′-
GCAGAGTCTCGCCATTATGATTC-3′; WSX-1, forward: 5′-
CAAGAAGAGGTCCCGTGCTG-3′ and reverse: 5′- TTGAGCCCAGTCCACCACAT-3′;
and β-actin, forward : 5′-AGAGGGAAATCGTGCGTGAC-3′ and reverse: 5′-
CAATAGTGATGACCTGGCCGT-3′.

Western immunoblotting
Freshly-isolated liver or spleen PDCA-1+ pDC were washed in PBS and cell pellets lysed
using Cell Lytic M (Sigma) supplemented with complete Mini EDTA-free protease inhibitor
cocktail (Roche Applied Science, Indianapolis, IN). Cellular debris was removed by
centrifugation at 13,000 × g. Protein was quantified and 20 µg loaded onto 10% Tris-
Glycine gels and separated using the XCell SureLock Blot Module (Invitrogen). Gels were
transferred to polyvinylidene fluoride (PVDF) membranes. Membranes were blotted using
primary Abs: Ebi3 (2.5 µg/ml; eBioscience) or IL-12/IL-35 p35 (1 µg/ml; R&D Systems)
and GAPDH (Novus Biologicals, Littleton, CO). Primary Abs were followed by HRP-
conjugated secondary Abs (Jackson ImmunoResearch Laboratories, West Grove, PA).
Protein was visualized using Super Signal West Pico ECL kit (Pierce – Thermo Fisher
Scientific, Rockford, IL).

T cell purification
Bulk T cells were purified from spleens and lymph nodes of normal BALB/c mice. Single
cell suspensions were incubated with an Ab cocktail consisting of anti-CD45R/B220
(RA3-6B2), anti-CD16/CD32 (2.4G2), anti-TER-119, anti-I-A/I-E, anti-CD11b, and anti-
Ly6G (RB6-8C5) obtained from BD Pharmingen. Non-T cells were eliminated from the cell
suspension by negative selection using Dynabeads (Invitrogen) following the manufacturer’s
instructions.

MLR
Unstimulated, CpG B- or IL-27-conditioned pDC (2×104/well) were used as stimulators of
normal allogeneic BALB/c T cells (2×105/well) in a 3 d MLR using 96-well, round-bottom
plates at a 1:10, DC:T cell ratio. T cells were labeled with the cell tracer CFSE (Invitrogen)
for identification and proliferation analysis. At the end of the culture period, supernatants
were harvested for cytokine quantitative analysis by ELISA, and cells were harvested for
flow cytometric analysis of T cell proliferation and Foxp3 expression.
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Ag feeding and delayed-type hypersensitivity (DTH)
Protocol for DTH was adapted from Goubier et al [39]. Briefly, DC were mobilized in B6
wild-type, Ebi3−/− and B7-H1−/− mice, as described above. On day 9 of Flt3L
administration, the mice were fed 25 mg OVA (Grade II, Sigma) in 200 µl PBS by gavage.
After 18 h, the animals were euthanized and liver pDC purified as described above. For
immunization, pDC (105) were co-injected s.c at the base of the tail with day 7, GM-CSF/
IL-4-propagated CD11c-purified bone marrow-derived DC (BMDC) [42] at a 1:1 ratio in 50
µl PBS. The BMDC were pulsed with 1 mg/ml OVA (Grade VII, Sigma) (BMDC-OVA) for
3–4 h prior to injection. Un-pulsed BMDC or BMDC-OVA were injected alone as controls.
On day 7 post-immunization, mice were challenged s.c. in the hind footpad with 12.5 mg/ml
heat-aggregated (HA) OVA (Grade VII, Sigma) in 20 µl PBS. HA-OVA was prepared by
incubating OVA in PBS at 80°C for 60 min followed by centrifugation at 1900 g for 10 min
[43]. The supernatant was removed and HA-OVA resuspended in PBS for injection. PBS
alone was injected into the opposite hind footpad as a control. Footpad thickness was
measured at time 0 prior to injection and daily thereafter through 96 h post-challenge using
Quick Mini Series 700 digital calipers (Mitutoyo). Spleens were harvested after 96 h and
total splenocytes (2.5×106/ml) stimulated with 1 mg/ml OVA (Sigma) for 48 h. Supernatants
were collected for quantitative analysis of cytokines by ELISA.

Statistical analysis
Statistical significance was determined by unpaired Student’s ‘t’ test or two-way ANOVA
where appropriate, using GraphPad Prism version 5.00 for Windows (GraphPad Software;
San Diego, CA). A value of p ≤ 0.05 was considered significant. All experiments were
carried out independently for a minimum of 3 times, unless indicated otherwise in the figure
legends.

RESULTS
Liver pDC phenotype and cytokine profile correlates with weak T cell allostimulatory
ability

Due to their overall paucity in normal liver, we used Flt3L to expand liver DC [13, 44–48],
in particular pDC. We found that freshly-isolated, PDCA-1-immunobead-purified liver pDC
from B6 mice exhibited an immature phenotype, characterized by low cell surface
expression of MHC II/I-Ab and the costimulatory molecules CD40, CD80, and CD86 (Fig.
1A). The level of expression of these molecules was generally lower than on pDC isolated
similarly and concomitantly from the spleen, even following overnight stimulation with the
TLR9 ligand CpG B ODN (Fig. 1A). By contrast, liver pDC exhibited higher levels of the
co-regulatory molecule B7-H1 compared with similarly-isolated splenic pDC. The ratio of
co-regulatory to co-stimulatory molecules expressed on the surface of APC can strongly
influence the functional outcome of their interaction with T cells and subsequent immune
reactivity [49]. We found that liver pDC expressed a significantly higher B7-H1:CD86 ratio
relative to splenic pDC, in the steady-state and following TLR9 stimulation (Fig. 1B).

The immature cell surface phenotype of liver pDC was associated with lower pro-
inflammatory (IL-6 and IL-12p40) and conversely, higher anti-inflammatory cytokine
(IL-10) production compared to splenic pDC, either in the absence of or following CpG
stimulation (Fig. 1C). Moreover, liver pDC were inferior in their ability to stimulate
allogeneic CD4+ or CD8+ T cell proliferation compared to pDC from the spleen in 3 d CFSE
MLR (Fig. 1D). These data are consistent with observations we have reported previously
regarding the phenotype and function of murine liver pDC before and after stimulation with
LPS in vitro [15], or with CpG B or the NOD2 ligand muramyl dipeptide (MDP) in vivo
[14].
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IL-27p28 and the IL-27R/WSX-1 are expressed at comparatively high levels by liver pDC
IL-27 is an emerging IL-12-family member comprised of the p40-like molecule Ebi3 and the
p35-like molecule p28 [50]. Early reports on the impact of IL-27 on T cells [23] suggested
that IL-27 was important for driving Th1-mediated immune responses. It was reported
subsequently that IL-27 signaling could drive the induction of IL-10-producing, Foxp3− Tr1
cells, as well as inhibit the induction of Foxp3+ Treg and IL-17-producing Th17 cells [24,
26, 51–53]. Interestingly, the p28 subunit alone possesses immune regulatory function.
Thus, it was shown recently [54] that IL-27p28 can act as an antagonist of gp130-mediated
signaling, indicating a unique role for this molecule independently of Ebi3. Although it is
known that IL-27 is produced by APC, primarily activated macrophages but also DC [20,
55], less is understood about the functional biology of IL-27 in relation to DC function
compared to that of T cells.

Semi-quantitative RT-PCR analysis of freshly-isolated PDCA-1+ pDC shows similar levels
of IL-27p28 and Ebi3 mRNA transcripts in liver and spleen pDC (Fig. 2A). Interestingly,
Western blot analysis revealed greater levels of Ebi3 protein in liver compared to spleen
pDC (Fig. 2B), and intracellular flow cytometry (Fig. 2C) and quantification in culture
supernatants by ELISA (Fig. 2D) revealed greater IL-27p28 levels in liver pDC, suggesting
possible post-transcriptional differences between pDC in these organs. It was reported
previously that cDC from the liver produce more IL-27 compared to spleen cDC [56]. We
did observe this phenomenon; however, we detected greater levels of IL-27p28 production
by pDC compared to cDC from the liver and spleen, especially following activation (Fig.
2D). Since Ebi3 is a shared component of both IL-27 and IL-35, an additional regulatory
cytokine [57], we also tested IL-12p35 levels in these cells. We observed lower IL-12p35
mRNA transcripts (Fig. 2A) by RT-PCR and protein expression by Western blot (Fig. 2B)
and flow analysis (Fig. 2C) in liver pDC compared to spleen, suggesting IL-35 is not
contributing to the known immune regulatory function of liver pDC.

IL-27 signals through the heterodimeric receptor TCCR/WSX-1 and the gp130 subunit,
which is a shared component in the IL-6R sub-family [21]. In addition to T cells, IL-27R/
WSX-1 is expressed on other hematopoietic cells, including DC, at high levels in the resting
state [21]. Semi-quantitative RT-PCR (Fig. 3A) and flow cytometric analysis (Fig. 3B)
showed that WSX-1 was expressed at significantly higher levels on liver pDC compared to
splenic pDC. Together, these data suggest pDC not only produce IL-27, but have the
capacity to respond to it as well.

IL-27 augments B7-H1 expression on liver pDC
Previous studies on mouse [30] and human monocyte-derived DC [31] suggested that IL-27
can downregulate DC function. The high expression of WSX-1 we observed on pDC (Fig.
3) suggests they have the capacity to respond to IL-27 in the steady-state. Therefore, we
cultured liver and spleen pDC overnight in the presence of IL-27. After 18 h, cells were
harvested and their phenotype examined by flow cytometry. We found that liver pDC
significantly upregulated cell surface expression of B7-H1 but concomitantly downregulated
expression of CD86, whereas there was no significant change in surface molecule
expression of corresponding splenic pDC (Fig. 4A and Suppl. Fig. 2). As a result of
increased B7-H1 and decreased CD86 expression, there was a significant increase in the B7-
H1:CD86 ratio in IL-27-conditioned liver pDC compared to untreated control liver pDC,
which displayed high baseline expression of B7-H1 (Fig. 1A) and a high B7-H1:CD86 ratio
(Fig. 1B). Interestingly, at a lower concentration of IL-27 (10 ng/ml), there was less of an
increase in B7-H1 MFI by splenic pDC, but a similar response by liver pDC compared to the
higher concentration of IL-27 (25 ng/ml). Despite upregulation of B7-H1, intracellular flow
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cytometric analysis and ELISA showed that conditioning in IL-27 did not alter production of
IL-6, IL-10, IL-12p70 or IFN-α by liver or spleen pDC (data not shown).

pDC also produce IL-6 and IL-10, which are two cytokines abundant in the liver. Therefore,
we tested whether exposure of pDC to these cytokines would also upregulate B7-H1 as was
observed following exposure to IL-27. As shown in Fig. 4B, only IL-27 significantly
upregulated the expression of B7-H1 on liver pDC. Subsequent analysis revealed that pDC
expressed low levels of the IL-6Rα and IL-10Rα (Fig. 4C), especially relative to the high
expression of WSX-1 (Figs. 3 and 4C). These data suggest a unique role for IL-27 and
WSX-1 in the regulatory function of liver pDC.

STAT3 regulates IL-27-mediated upregulation of B7-H1 on liver pDC
It has been reported that STAT3 nuclear activity is greater in the liver than in other organs
[58]. As a result, a higher basal level of STAT3 activation contributes to the inherent
immaturity of liver DC. IL-27R/WSX-1 signaling in T cells has shown that STAT3 is a
significant downstream signaling molecule that regulates the effects of IL-27 [24, 59].
Moreover, there is recent evidence that B7-H1 is upregulated on tumor cells through STAT3
activation [60]. Based on the observations that activated STAT3, B7-H1 and IL-27 are
elevated in the liver in the steady state, we postulated that STAT3 might be involved in
upregulation of B7-H1 by IL-27 on liver pDC. To test this, liver and spleen pDC were
cultured overnight in the presence of IL-27 and a highly selective STAT3 inhibitor at
increasing concentrations. We observed a concentration-dependent decrease in B7-H1
expression following STAT3 inhibition (Fig. 4D and 4E) in both liver and spleen pDC.
Additionally, we found that inhibition of STAT3 reduced IL-27-induced upregulation of B7-
H1 on liver pDC (Fig. 4D) back to or below baseline levels. To confirm this was indeed a
STAT3-dependent effect, we tested a second STAT3-specific inhibitor, JSI-124/
Cucurbitacin, and obtained similar results (Fig. 4F).

IL-27-conditioned liver pDC increase percentage of CD4+Foxp3+ T cells which is
dependent on B7-H1

Next we tested whether there were any functional consequences, in addition to the
phenotypic changes observed in pDC, following their exposure to exogenous IL-27. pDC
conditioned overnight in IL-27 were washed then cultured in MLR with CFSE-labeled,
allogeneic BALB/c splenic T cells for 3 d. Cultures were harvested and stained for flow
cytometric analysis of T cell proliferation by CFSE dilution. IL-27-conditioned liver pDC
showed minimal differences in CD4+ T cell allostimulatory capacity compared to untreated
cells (Fig. 5A). However, further analysis of the proliferating CD4+ T cells (cells gated in
5A) revealed an increased percentage of Foxp3+ cells in cultures stimulated with IL-27-
conditioned liver, but not spleen pDC (Fig. 5B). When the percent change in Foxp3
expression in CD4+ T cells cultured with IL-27-conditioned pDC relative to untreated pDC
was calculated, we found a marked difference in the ability of IL-27-conditioned liver and
spleen pDC to influence Foxp3 expression (Fig. 5C): thus, liver pDC favored a 30%
increase and spleen pDC favored a modest decrease in Foxp3 expression. We next tested if
this increase in CD4+Foxp3+ T cells was due to the upregulation of B7-H1 by IL-27. When
WT or B7-H1−/− liver pDC were conditioned in IL-27 and then cultured in MLR, we
observed that the frequency of CD4+Foxp3+ T cells was significantly reduced in cultures
with B7-H1−/− liver pDC (Fig. 5D), suggesting a critical link between IL-27 and B7-H1
expression by liver pDC, and Foxp3+ Treg. The increase in the proportion of Foxp3+ cells
was restricted to proliferating cells, as we did not observe any differences in MLR between
untreated and IL-27-conditioned liver or spleen pDC in the non-dividing CD4+ (CFSEhi)
population (Fig. 5E).
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IL-27 produced by pDC impairs their T cell allostimulatory capacity
To further evaluate the contribution of IL-27 to the function of pDC, we utilized Ebi3−/−

mice that lack functional IL-27. Liver and spleen pDC were purified and stimulated with
CpG B. Phenotypic analysis of WT and Ebi3−/− pDC revealed few differences in the
expression of key cell surface molecules (Suppl. Fig. 3). Although not statistically
significant, Ebi3−/− liver and spleen pDC showed a trend towards lower B7-H1 and WSX-1
expression following CpG B stimulation. Ebi3−/− spleen pDC showed slightly reduced
CD86 MFI, but a significantly greater percentage of MHC class II/I-Ab+ cells following
overnight exposure to CpG B. We did not observe a change in WSX-1 expression on WT
pDC following exposure to exogenous IL-27 (data not shown), however, pDC from Ebi3−/−

mice did express a slightly, but not statistically significant lower level of WSX-1 (Suppl. Fig
3), which suggested that IL-27 signaling through WSX-1 may partially upregulate the
receptor in an autocrine manner.

To determine if lack of functional IL-27 had an impact on pDC-stimulated allogeneic T cell
responses, WT or Ebi3−/− pDC were cultured in MLR with CFSE-labeled BALB/c T cells
for 3 days. T cell proliferation was quantified by flow cytometry and IFN-γ production in
culture supernatants was analyzed by ELISA. Analyses of MLR cultures showed that
Ebi3−/− liver and spleen pDC induced more CD4+ T cell proliferation compared to WT
pDC, when either untreated or following overnight stimulation with CpG B (Fig. 6A). No
significant differences in CD8+ T cell proliferation were observed (data not shown).
Increased CD4+ T cell proliferation correlated with higher levels of IFN-γ in culture
supernatants, (Fig. 6B), suggesting that IL-27 produced by pDC regulates their T cell
stimulatory capacity. When T cells were stimulated in the absence of pDC (anti-CD3/anti-
CD28 Ab stimulation), IL-27 did not suppress T cell proliferation or promote Foxp3
expression (Suppl. Fig. 4). These data suggest that the elevated T cell stimulatory capacity
of Ebi3−/− pDC, and therefore, the regulatory effect of IL-27, is due to a pre-conditioning of
the pDC by IL-27 in vivo and not a direct effect on the T cells.

IL-27 and B7-H1 mediate liver pDC ability to suppress DTH responses
Despite their ability to promote anti-viral immunity, pDC also exert tolerogenic effects and
modulate immune responses [11]. Specifically, systemic depletion of PDCA-1+ cells blunts
the development of oral tolerance, and adoptive transfer of liver pDC from Ag-fed mice at
the site and time of immunization suppresses Ag-specific DTH responses [39]. Thus, we
hypothesized that IL-27 expressed by liver pDC might mediate their capacity to suppress
DTH to fed Ag.

First, we tested whether suppression of DTH responses was limited to pDC from the liver,
and confirmed their ability to do this in an Ag-dependent manner. Liver and spleen
PDCA-1+ pDC were isolated from mice fed OVA by gavage, or PBS as a control. pDC were
co-injected s.c. at the base of the tail at a 1:1 ratio with syngeneic BM-derived DC (BMDC)
that were pulsed with OVA (BMDC-OVA). BMDC or BMDC-OVA were injected alone as
controls. After 7 days, all mice were challenged with heat-aggregated OVA (HA-OVA) in
the hind footpad and footpad swelling measured at 24 h. PBS was injected into the opposing
footpad as a control. Compared to BMDC alone, BMDC-OVA induced a significant level of
footpad swelling upon challenge with HA-OVA at 24 h (Fig. 7A). Liver pDC from OVA-
fed mice, but not from PBS-fed controls significantly suppressed footpad swelling when co-
injected at the same site and time of immunization with BMDC-OVA (Fig. 7A). Spleen
pDC from OVA-fed mice or PBS-fed controls failed to suppress DTH responses (Fig. 7A).
Together, these results confirm that suppression of DTH responses is specific to liver pDC
and is dependent upon Ag acquired though feeding.
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To test whether IL-27 was required for the regulatory effect of liver pDC in the model of
DTH to OVA, WT or Ebi3−/− liver pDC from mice fed OVA were co-injected with BMDC-
OVA as described above. Mice were challenged in the footpad with HA-OVA and footpad
swelling quantified at 24 h post-challenge. Liver pDC from Ebi3−/− mice failed to suppress
DTH responses compared to WT liver pDC (Fig. 7B). When splenocytes from these mice
were restimulated ex vivo with OVA, we detected greater levels of IFN-γ in cultures
supernatants from mice that received Ebi3−/− liver pDC compared to WT liver pDC (Fig.
7C). To highlight the significance of these findings and the importance of IL-27 in the
functional biology of liver pDC, we compared these results to liver pDC from mice lacking
B7-H1, which is a known potent regulator of immune responses. B7-H1−/− liver pDC also
failed to suppress DTH responses compared to WT pDC. Footpad swelling (Fig. 7B) and
splenocyte production of IFN-γ (Fig. 7C) were at a similar level as observed for mice
receiving Ebi3−/− liver pDC, suggesting IL-27 and B7-H1 play a significant role in the
immunoregulatory capacity of liver pDC.

DISCUSSION
In the present study, we show that pDC express IL-27 as well as the IL-27R/WSX-1. Liver
pDC express higher levels of both proteins compared to pDC from the spleen, and also
exhibit a unique capacity to respond to IL-27 through upregulation of the coregulatory
molecule B7-H1. We found STAT3 to be critical for this phenomenon, as its pharmacologic
inhibition completely abrogated the effect of IL-27. A functional consequence of liver pDC
conditioning by IL-27 was an ability to increase the incidence of CD4+Foxp3+ cells in
allogeneic MLR. IL-27 contributes to the ability of pDC to regulate T cell responses in vitro,
and our data also identify IL-27 and B7-H1 as critical molecules utilized by liver pDC to
suppress DTH responses to OVA in vivo.

Although studied typically for their potent anti-viral function through production of type I
IFNs [6, 7], pDC have garnered significant attention for their immunosuppressive function,
and multiple mechanisms of immune regulation and tolerance by pDC have been studied by
our lab and others [11]. Important features of pDC that shape their immunoregulatory
function include their low level of Ag-presenting (MHC class II) and costimulatory
molecules (CD80 and CD86) and unique regulation of MHC class II expression [61] which
lead to poor T cell stimulatory function compared to cDC [8]. As we show here, pDC
residing in the liver microenvironment show even lower expression of MHC class II and
costimulatory molecules (CD40, CD80, and CD86) compared to pDC isolated
concomitantly from the spleen. Both pDC populations exhibit high baseline expression of
the coregulator B7-H1, however levels on liver pDC are greater than on spleen pDC. Liver-
resident APC, including pDC, are continuously exposed to bacterial degradation products
(e.g., endotoxin) via the portal blood [58] leading to constant stimulation of TLRs and other
pattern recognition receptors (PRRs), which may contribute to their comparatively high
baseline expression of B7-H1. We have demonstrated previously that an elevated B7-
H1:CD86 ratio on pDC is positively correlated with successful weaning of
immunosuppressive drug therapy or operational tolerance in liver transplant patients,
suggesting that this may be an important characteristic associated with the tolerogenic
capacity of pDC [62]. Analysis of the ratio of B7-H1 to CD86 MFI on liver and spleen pDC
in this study clearly highlights the regulatory potential of liver pDC, based on their
significantly elevated ratio of coregulatory to costimulatory molecule expression compared
to pDC from the spleen.

In addition to their more immature phenotype compared with splenic pDC, liver pDC
produce lower levels of the pro-inflammatory cytokines, IL-6, IL-12p40 and IL-12p70 [14],
but greater levels of the immunoregulatory cytokine IL-10 in the steady state, or after
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stimulation with LPS [15] or CpG B. Similar to the fact that pDC are poor T cell
allostimulators relative to cDC, liver pDC are comparatively weak stimulators compared
with pDC from the spleen, of both CD4+ and CD8+ T cells.

Previous studies have identified IL-27 to play a role in the functional biology of DC, in
addition to its known effects on T cell polarization and function. Liver cDC, mobilized
through hydrodynamic injection of plasmids encoding GM-CSF, showed elevated levels of
IL-27p28 compared to their counterparts in the spleen [56]. We observed a similar
difference between liver and spleen cDC following LPS stimulation, but also found that
pDC have a greater capacity for IL-27p28 production relative to cDC, and we detected
higher levels of both p28 and Ebi3 in liver pDC compared to spleen pDC. Our detection of
the p28 subunit in the culture supernatants of liver pDC (and intracellularly by flow
cytometry) lends support to the tolerogenic potential of liver pDC, as p28 has been
suggested to exert immunoregulatory function when secreted independently of Ebi3 [54,
63]. In support of our findings on IL-27, PDCA-1+ splenic pDC exposed to exogenous TGF-
β (which is produced by multiple cell types in the liver, [2]) show elevated IL-27 and
decreased IL-6 production compared to untreated controls [33], suggesting that the
immunoregulatory molecules found within the normal liver microenvironment (i.e. TGF-β)
may contribute to elevated IL-27 production by liver pDC. pDC also express p35, which can
heterodimerize with Ebi3 to form the regulatory cytokine IL-35. However, low expression
of p35 by liver pDC, which we have shown exhibit greater regulatory phenotype and
function compared to pDC in the spleen, suggests that p35 and Ebi3 may not be forming
functional IL-35 in these cells. The higher expression of p35 by spleen pDC, which have
greater immunostimulatory capacity compared to liver pDC, supports this observation. The
presence of two distinct populations of IL-12p35+ cells from the spleen is an interesting
observation and may indicate phenotypically and functionally different subpopulations. The
IL-12p35hi spleen pDC may be responsible for the greater levels of IL-12p70 we have
reported previously in these cells [15].

IL-27 binds to the heterodimeric IL-27R comprised of IL-27Rα/WSX-1/TCCR and gp130
[21]. Although gp130 is a shared subunit for multiple cytokines, WSX-1 is specific to IL-27
and is expressed by pDC, suggesting they have the capacity to respond to IL-27. Indeed, in
the presence of exogenous IL-27, liver but not spleen pDC upregulated B7-H1 but not CD86
expression. Consequently, IL-27-conditioned liver pDC have a significantly elevated B7-
H1:CD86 ratio compared to untreated cells. Furthermore, liver pDC are more sensitive to
lower concentrations of IL-27, highlighting the significance of higher WSX-1 expression on
these cells. Studies on T cells have revealed important roles for STAT1 and STAT3
signaling in mediating downstream effects of IL-27 [23, 24]. Wölfle et al [64] recently
showed that STAT3 directly binds the B7-H1 (PD-L1) promoter and drives its expression.
When we used a soluble inhibitor to block STAT3 activation in vitro, upregulation of B7-H1
by IL-27 was abrogated. Additionally, B7-H1 levels on liver and spleen pDC in the absence
of IL-27 also decreased, confirming that STAT3 promotes B7-H1 expression on pDC. IL-6
and IL-10 also signal through STAT3, however, the increase in B7-H1 expression we
observed was unique to IL-27. Subsequent analysis showed low expression of both the
IL-6R and IL-10R. These data not only suggest that these cytokine receptors may not
critically influence pDC function, but also highlight the significance of high expression of
the IL-27Rα/WSX-1 in the functional biology of these cells. Interestingly, we noted that
exposure to IL-27 did not alter IFN-α, IL-6, IL-10, or IL-12p70 production by pDC, despite
a report that IL-27 blunts TNF-α and IL-12p40 production in activated peritoneal
macrophages via a STAT3-dependent mechanism [65].

In studies using WSX-1-deficient mice, Yoshida et al [30] showed that, in the absence of
IL-27 signaling, spleen cDC exhibited enhanced T cell stimulatory capacity in MLR,
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suggesting that IL-27 negatively regulates DC function. In agreement with these data,
human monocyte-derived DC exposed to exogenous IL-27 at high levels show a reduction in
T cell stimulatory capacity, which is dependent on B7-H1 expression [31]. Although we did
not observe any significant phenotypic differences in Ebi3−/− pDC compared to WT pDC, a
trend towards lower B7-H1 and WSX-1 expression and a greater incidence of Ebi3−/− MHC
class II (I-Ab)+ cells supports the existence of an autocrine feedback loop by IL-27 in pDC.
When IL-27-conditioned pDC were cultured with allogeneic T cells, there was a greater
proportion of proliferating CD4+ T cells expressing the Treg transcription factor Foxp3 in
cultures with liver, but not spleen pDC. This effect was lost when IL-27-conditioned B7-
H1−/− liver pDC were used as stimulators. Supporting a regulatory role for IL-27 in pDC
immune function, Ebi3−/− pDC showed an enhanced ability to stimulate allogeneic T cell
proliferation and subsequent IFN-γ production. The addition of IL-27 to these cultures did
not suppress T cell proliferation to levels observed with WT pDC, suggesting that the
regulatory effect of IL-27 in WT pDC, that is absent in Ebi3−/− pDC, is due to a pre-
conditioning by IL-27 in vivo, and not a direct effect of IL-27 produced by pDC on T cells.
Overall, IL-27 may influence liver pDC regulatory function by upregulating B7-H1
expression and enhancing their ability to promote Foxp3+ Treg while reducing their T cell
allostimulatory capacity.

In a series of DTH and contact hypersensitivity (CHS) experiments, Goubier et al [39]
showed recently that liver pDC (CD11c+CD11b-NK1.1−) accounted for the suppressive
capacity of total CD11c+ hepatic DC. Liver pDC suppressed both Ag-specific DTH and
CHS responses to model Ags, whereas they reported spleen pDC failed to inhibit immune
reactivity in their CHS model. Furthermore, systemic depletion of pDC blunted the
induction of oral tolerance to OVA. Our data provide strong evidence that liver but not
spleen pDC suppress DTH responses to OVA in an Ag-dependent manner. Moreover, we
have identified novel mechanisms contributing to this phenomenon. IL-27, as evidenced
using Ebi3−/− liver pDC, and B7-H1, as evidenced using B7-H1−/− liver pDC, are critical for
the ability of liver pDC to significantly suppress DTH responses. These data suggest that
liver pDC can sufficiently acquire fed Ag and limit priming of the immune response during
the immunization phase. Since pDC can inhibit cDC activation [66], it remains to be seen in
this model whether pDC: suppress BMDC-OVA directly to inhibit the priming phase;
migrate to the lymph nodes to inhibit T cell activation; or both. The capacity of liver pDC to
partially but not significantly suppress DTH responses in an Ag-independent manner (PBS-
Liver pDC, Fig. 7A) in addition to their significant suppression in an Ag-dependent fashion
(Fig. 7B and 7C) suggests they are able to actively regulate immunity through multiple
mechanisms.

In summary, our studies show that IL-27 plays a critical regulatory role in the functional
biology of liver pDC. First, IL-27 promotes cell surface expression of B7-H1 in liver pDC
which, in turn, increases the incidence of CD4+ T cells expressing Foxp3. The effects of
IL-27 on liver compared to spleen pDC suggest the potential for unique signaling molecules
downstream of the IL-27R in these cells, which may be critical in regulating their
tolerogenic capacity. Second, IL-27 is critical for liver pDC ability to regulate immune
responses in vitro and in vivo, with the potential for regulation of cDC, T cells, or both.
Together, these results suggest that IL-27 and liver pDC may be an important target or tool
for therapeutic intervention to limit immune reactivity or promote tolerance.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Liver and spleen pDC differ in phenotype and function. A, B6 pDC were mobilized in vivo
using Flt3L and enriched from total liver non-parenchymal cells or splenocytes as described
in the Materials and Methods. PDCA-1-purified pDC were cultured in the absence or
presence of 1 µg/ml CpG B ODN for 18 h, collected and analyzed by 5-color flow
cytometry. Surface molecule expression was analyzed on B220+CD11clow cells. Isotypes are
represented by the gray-filled histograms, unstimulated cells (thin line), and CpG B-
stimulated (bold line). Data are representative of 6 independent experiments; B, The relative
mean fluorescence intensities (MFI) [Sample MFI – Isotype MFI] for B7-H1 was divided by
the MFI for CD86 to generate the B7-H1:CD86 ratio. Data were averaged from 4
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independent experiments; C, Culture supernatants from cells analyzed in Fig. 1A were
harvested and cytokines quantified by ELISA. Data represent 3 independent experiments; D,
Liver or spleen pDC were cultured with CFSE-labeled, allogeneic BALB/c T cells for 3 d.
Cultures were harvested and proliferation quantified by flow cytometry. Data represent 5
independent experiments, * p < 0.05, ** p< 0.01, ***p < 0.001.
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FIGURE 2.
Liver pDC produce comparatively high levels of IL-27p28 protein but low levels of
IL-12p35. A, RNA was purified from freshly-isolated liver or spleen PDCA-1-purified pDC
as described in Materials and Methods. RNA was reverse transcribed into cDNA and semi-
quantitative PCR was performed. mRNA transcript levels of IL-27p28, Ebi3, and IL-12p35
were calculated relative to β-actin and data are presented as arbitrary units (AU). B, Total
protein was extracted from freshly-isolated liver or spleen PDCA-1+ pDC as described in
Materials and Methods and Western blot performed. The membranes were probed for Ebi3
or IL-12p35 and then stripped and reprobed for GAPDH. C, pDC were cultured for 18 h and
Golgi Plug protein transport inhibitor was added for the final 5 h of culture. Cell surface
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proteins were stained and cells were fixed and permeabilized prior to intracellular staining
for IL-27p28 or IL-12p35. Values indicate percent positive cells and relative MFI compared
to isotype controls (gray-filled histograms). Percentage of IL-27p28 or IL-12p35 positive
cells and MFI were averaged from 5 and 4 independent experiments, respectively; D, Liver
and spleen pDC and cDC were cultured in the absence or presence of 1 µg/ml CpG B ODN
or LPS for 18 h. Cell culture supernatants were collected and IL-27p28 quantified by
ELISA. The change in scale from “Untreated” to “+ CpG B” eliminates visibility of error
bars for liver pDC. Data represent 3 independent experiments, * p < 0.05, ** p < 0.01, *** p
< 0.001.
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FIGURE 3.
pDC express the IL-27Rα/WSX-1. A, WSX-1 mRNA was determined by semi-quantitative
RT-PCR for liver and spleen pDC and WSX-1 gene expression relative to β-actin was
calculated. Data are expressed as AU; B, Liver and spleen pDC were stained for expression
of IL-27Rα/WSX-1 and analyzed by flow cytometry. Values indicate percent positive cells
and relative MFI compared to isotype controls (gray-filled histograms). Percentage of
WSX-1 positive cells and MFI were averaged from 3 independent experiments, * p < 0.05,
** p < 0.01.
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FIGURE 4.
IL-27 augments B7-H1 expression in liver pDC. PDCA-1-purified liver or spleen pDC were
cultured for 18 h in the presence of 10 or 25 ng/ml IL-27. Cells were harvested, stained, and
the expression of B7-H1 and CD86 examined by flow cytometry. Results are presented as
fold change in B7-H1 MFI on IL-27-conditioned cells compared with untreated cells (set to
1.0); B, Liver pDC were cultured with 25 ng/ml IL-27, IL-6, or IL-10 for 18 h and B7-H1
expression was analyzed. Results represent fold change in B7-H1 MFI; C, Surface
expression of the IL-6Rα, IL-10Rα and WSX-1/IL-27Rα were analyzed on liver and spleen
pDC. Data represent percent positive cells, D, Experiments in A were repeated in the
absence or presence of increasing concentrations of a STAT3 inhibitor (STAT3 Inhibitor
VII). Data represent 4 independent experiments; E, Percent change in B7-H1 expression in
the presence of the STAT3 inhibitor compared to untreated cells was calculated and
averaged from 4 independent experiments; F, Experiments in D and E were repeated with a
second STAT3 inhibitor JSI-124/Cucurbitacin at the indicated concentrations and compared
to STAT3 Inhibitor VII. Results represent percent change in B7-H1 MFI in the presence of
the STAT3 inhibitors and are an average of two independent experiments, * p < 0.05, ** p <
0.01, *** p < 0.001.
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FIGURE 5.
IL-27-conditioned liver pDC increase the percentage of CD4+Foxp3+ T cells in MLR. A,
Freshly-isolated liver or spleen PDCA-1+ pDC were cultured for 18 h with 25 ng/ml IL-27,
washed, counted, and cultured in MLR with CFSE-labeled BALB/c splenic T cells. After 3
d, cells were harvested and stained for analysis of CD4+ T cell proliferation (A) and
expression of Foxp3 (B) by flow cytometry. Data represents 3 independent experiments for
both A and B; C, The percent change in Foxp3 expression in proliferating CD4+ T cells
(cells gated in A) in cultures with IL-27-conditioned liver or spleen pDC compared to
untreated pDC was calculated and average across 3 independent experiments; D, WT or B7-
H1−/− liver pDC were cultured with IL-27 for 18 h and subsequently cultured with BALB/c
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T cells. Intracellular expression of Foxp3 was analyzed by flow cytometry after 3 d MLR
and results were averaged across 3 independent experiments; E, Foxp3 expression was
quantified in non-dividing CD4+ cells (CD4+ CFSEhi cells) from experiments shown in A,
and averaged across 3 independent experiments, * p < 0.05.
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FIGURE 6.
Ebi3−/− pDC exhibit greater allogeneic CD4+ T cell stimulatory capacity and induce more
IFNγ production compared to WT pDC. A, Unstimulated or CpG B ODN-stimulated (18 h)
PDCA-1+ WT and Ebi3−/− liver or spleen pDC were cultured with allogeneic, CFSE-labeled
BALB/c T cells. After 3 d MLR, cells were harvested and stained for analysis of T cell
proliferation by CFSE dilution; B, IFN-γ was quantified in supernatants from cultures in 6A
by ELISA, * p < 0.05, ** p < 0.01, *** p < 0.001.
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FIGURE 7.
WT, but not Ebi3−/− or B7-H1−/− liver pDC from OVA-fed mice suppress DTH responses.
B6 mice were immunized with B6 BMDC-OVA ± liver or spleen pDC from PBS-fed
control or OVA-fed mice (A), or WT, Ebi3−/− or B7-H1−/− liver pDC from OVA-fed mice
(B) by s.c. injection at the base of the tail. 7 d later, mice were challenged in the footpad
with HA-OVA and footpad swelling measured at 24 h; C, Total splenocytes from challenged
mice were cultured for 48 h with 1 mg/ml OVA and supernatants harvested for
quantification of IFNγ by ELISA, * p < 0.05, ** p < 0.01, *** p < 0.001.
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