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During infections and inflammation, plasmacytoid dendritic cells (pDCs) are the most
potent type | interferon (IFN-1)-producing cells. However, the developmental origin of pDCs
and the signals dictating pDC generation remain incompletely understood. Here, we report
a synergistic role for IFN-I and FIt3 ligand (FL) in pDC development from common lymphoid
progenitors (CLPs). Both conventional DCs (cDCs) and pDCs were generated from CLPs in
response to FL, whereas pDC generation required higher concentrations of FL and concur-
rent IFN-I signaling. An absence of IFN-I receptor, impairment of IFN-I signaling, or
neutralization of IFN-I significantly impeded pDC development from CLPs. Furthermore,

FL induced IFN-I expression in CLPs, which in turn induced FIt3 up-regulation that
facilitated survival and proliferation of CLPs, as well as their differentiation into pDCs.
Collectively, these results define a critical role for the FL/IFN-I/FIt3 axis in pDC differentiation

from CLPs.

Plasmacytoid DCs (pDCs) are a subset of DCs
that are capable of producing large quantities
of type I IFN (IFN-I) upon stimulation (Liu,
2005). pDC:s are short-lived and require constant
replenishment from their precursors in the BM.
DCs, including pDCs, are generated from Flt3-
expressing progenitors of myeloid lineages, in-
cluding common myeloid progenitor (CMP),
macrophage/DC progenitor, and common den-
dritic progenitor (CDP), and of lymphoid lin-
eages such as common lymphoid progenitor
(CLP; D’Amico and Wu, 2003; Karsunky et al.,
2003; Shigematsu et al., 2004; Naik et al., 2007,
Onai et al., 2007; Liu et al., 2009). Targeted de-
letion of Flt3 or FL in mice leads to reduced
numbers of DC progenitors and impaired DC
development (McKenna et al., 2000; Waskow
et al., 2008). Ectopic expression of Flt3 on Flt3-
megakaryocyte/erythrocyte progenitors permits
them to generate DCs (Onai et al., 2006). These
results suggest that the Flt3 ligand (FL) is one of
the most physiological relevant cytokines for
maintaining homeostasis of steady-state DCs.
IFN-1, a pluripotent cytokine, regulates dif-
ferent aspects of DC biology. Mouse pDCs
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depend on IFN-I for migration and clustering
in the marginal zone of the spleen (Asselin-
Paturel et al., 2005). pDCs developed in the
presence of IFN-I fail to produce IFN-I in re-
sponse to CpG (Li et al., 2011). IFN-I induced
during systemic viral infections and inflamma-
tion trigger apoptosis of pDCs and cDCs, re-
sulting in decline of the populations in the
spleen (Swiecki et al., 2011). Therefore, IFN-I
appears to govern migration, function, apopto-
sis, and homeostasis of DCs. Whereas cDCs and
pDCs can be generated from myeloid or lym-
phoid lineages, the developmental origin and
signals controlling pDC development remain
elusive. Here, we showed that FL controlled
the developmental program of ¢cDCs and pDCs
from CLPs in a dose-dependent manner. FL
also induced IFN-I in CLPs, resulting in up-
regulation of FlIt3 that facilitated survival,
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proliferation, and differentiation of CLPs. These results estab-
lish a critical role for IFN-I in FL-dependent pDC develop-
ment from CLPs.

RESULTS AND DISCUSSION
pDC development is impaired
in the absence of IFN-I signaling
We have previously shown that Stat2 hypomorphic mutant
mice (Stat2"™) are hyporesponsive to IFN-I and have re-
duced numbers of DCs, particularly pDCs, in the spleen
(Chen et al., 2009). Because STAT2 is predominantly acti-
vated by type I and III IFN, we used Ifnar1~/~ mice to inves-
tigate whether the phenotype was due to impaired IFN-I
signaling. Indeed, Ifnar1~’~ mice showed significantly lower
percentages and numbers of pDCs in the BM and spleen
compared with WT mice (Fig. 1, A—C). A similar phenotype
was observed in Star1™’~ and Stat2"/" mice (unpublished data),
suggesting that IFN-I receptor and its downstream signals are
involved in pDC homeostasis.

Because pDCs can be generated from myeloid or lym-
phoid progenitors, we next examined whether the generation of
pDC from CDPs (myeloid) or CLPs (lymphoid) is affected by
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IFN-I signaling. In an AC-6.21 feeder system, FL primarily
supported cDC development from CDPs of both WT and
Ifnar1~/~ mice (unpublished data). In sharp contrast to the
development from CDPs, FL showed poor ability to support
cDC development from WT CLPs. Instead, pDCs were pref-
erentially generated (Fig. 1, D and E). However, this process
was reversed by the absence of IFN-I signaling, as Ifnarl~/~
CLPs predominantly developed ¢cDCs but not pDCs. The
total numbers of DCs generated from Ifnar!~/~ CLPs were
also lower than those from WT CLPs.Therefore, the numbers
of Ifnar1~'~ CLP-derived cDCs were actually comparable to
those from WT CLPs, whereas the numbers of Ifnarl =/~
CLP-derived pDCs were markedly reduced (Fig. 1 F). A simi-
lar result was also observed using BM cells as feeder (unpub-
lished data). We next performed competitive adoptive transfer
to examine whether the developmental defect is cell intrinsic.
As shown in Fig. 1 (G-I), the reconstitution rate of WT and
Ifnar1=/~ CLPs in the BM was comparable. However, the
percentages of Ifnar1~/~ CLP-derived pDCs remained signif-
icantly lower than those from WT CLPs. Conversely, the per-
centages of Ifnarl~/~ CLP-derived cDCs were higher than
those from WT CLPs. A similar phenotype was observed in
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the spleen and thymus (unpublished data). These results suggest
that the requirement of IFN-I for CLP-driven pDC develop-
ment is cell autonomous.

Ifnar1—/= CLPs express lower FIt3 and show impaired
survival, proliferation, and differentiation in response to FL
Because DC development is tightly regulated by the expres-
sion of Flt3 on progenitor cells, we next examined whether
the impaired pDC generation from Ifnar!~/~ CLPs is caused
by aberrant Flt3 expression. Indeed, Ifnar1~/~ CLPs expressed
~50% less F1t3 than did WT CLPs, as judged by reduced mean
fluorescent intensity (Fig. 2 A), even though the percentage of
Flt3-expressing CLPs was comparable (not depicted). Con-
comitantly, FL-stimulated Akt phosphorylation was attenu-
ated in lin"Flt3" cells of Ifnar!~/~ mice compared with those
of WT mice (Fig. 2 B). In addition, Ifnar1~’~ CLPs also
showed increased apoptosis (Fig. 2 C), and decreased prolifer-
ation (Fig. 2, D and E) in response to FL. Interestingly, en-
forced expression of Flt3 in Ifnar!~/~ CLPs significantly
increased the ability to produce pDCs compared with control
(Fig. 2, F-H), suggesting that the developmental defect in
Ifnar1~/~ CLPs is strongly linked to decreased Flt3 expression.

We reasoned that if reduced Flt3 expression was the cause
of attenuated signaling and, thus, defective pDC development,
increasing the concentration of FL might rescue the develop-
ment. Interestingly, low-dose FL (50 ng/ml) predominantly
induced ¢DC development in WT CLPs, whereas high-dose
FL (100 ng/ml or 400 ng/ml) preferentially promoted pDC
formation (Fig. 2, I-K), revealing a dose-dependent effect of FL
on the differentiation potential of CLPs. Although 100 ng/ml
of FL failed to rescue pDC development from Ifnar! =/~ CLPs,
increasing the dose to 400 ng/ml did recover the ability to
differentiate into pDCs.To investigate whether pDCs derived
from Ifnar1~’~ CLPs remained physiologically intact, we ex-
amined the expression of pDC-specific genes, such as Tc¢f4
(E2-2) and Rag1. mRNA levels of these two genes in WT and
Ifnar1~/~ CLP-derived pDCs were comparable and, like
splenic pDCs, were higher than those of ¢cDCs (Fig. 2, N-O).
However, the expressions of 1d2, a cDC-specific gene, in WT
and Ifnar1=/~ pDCs were lower than those of ¢cDCs (Fig.2 P).
Collectively, these results suggest that there 1s a dose-dependent
effect of FL on pDC development from CLPs.

FL induces IFN-« in CLPs, which promotes

FL-dependent pDC development

We have demonstrated that IFN-I activity was involved in FL-
dependent DC development from CLPs. One possibility is that
FL induces IFN-I in CLPs. Indeed, FL induced IFN-a ex-
pression and production in CLPs in vitro in a dose- and time-
dependent manner, which was blocked by neutralization of FIt3
(Fig. 3, A—C). In vivo FL delivery also induced IFN-a in CLPs
(Fig. 3 D). Moreover, IFN-I downstream genes, including BST?2,
Ifit3, and Oas2 were up-regulated in FL-treated CLPs (Fig. 3,
E—G). Given that IFN-a is induced by FL in CLPs, we reasoned
that exogenous IFN-I might facilitate pDC generation from
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CLPs. Indeed, the addition of exogenous IFN-a promoted
pDC development even at low-dose FL (50 ng/ml) treatment
compared with control (Fig. 3, H-]). Conversely, neutralization
of IFNAR1 abrogated pDC formation upon stimulation with
100 ng/ml of FL (Fig. 3, K-M), mimicking the phenotype seen
in Ifnar1=’~ CLPs under the same culture conditions (Fig. 1 D).
Together, these results suggest that FL induces IFN-I, which in
turn facilitates pDC generation from CLPs.

FL enhances FIt3 expression on CLPs

in an IFN-I-dependent mechanism

It was proposed that FL induces Flt3 expression on progenitors
through up-regulation of PU.1, which in turn controls DC de-
velopment (Merad, 2010). Because IFN-I accentuated FL-
dependent pDC differentiation, we examined whether IFN-I
could induce Flt3 expression. IFN-a4 treatment in BM cells
significantly augmented Flt3 expression on CLPs (Fig. 4,A—C).
The effect of IFN on CLPs was direct, as the same phenome-
non was observed when treating CLPs with IFN-a4 (Fig. 4 D).
In vivo administration of IFN-a4 also enhanced Flt3 levels on
WT CLPs, as opposed to empty vector (EV) control (Fig. 4,
E—-G). It has been reported that IFN-a can activate dormant
HSCs, inducing their proliferation and reestablishing homeo-
stasis (Essers et al., 2009). Although it is still not clear if IFN-a
will enhance the production of Flt3*CLPs, in vivo delivery of
IFN-04 did not alter the percentages or numbers of CLPs in
the BM, at least, within 24 h (Fig. 4 H-I). The requirement of
IFN-I for FL-dependent Flt3 induction was also investigated.
In vitro FL treatment markedly enhanced Flt3 expressions on
WT CLPs, whereas IFNAR 1 deficiency or neutralization of
IFNAR1 blocked this process (Fig. 4, J-L, and not depicted).
In vivo FL delivery also enhanced Flt3 expression on WT but
not on Ifnarl~’~ CLPs (Fig. 4, M—O). We next examined the
transcriptional levels of Flt3 after stimulation of CLPs with FL
or IFN-a4. FL did not alter the mRNA levels of Flt3, whereas
IFN-a4 stimulation, surprisingly, reduced the expression in
CLPs (not depicted). These results suggest that FL- or IFN-I—
stimulated surface Flt3 expression on CLPs is probably inde-
pendent of transcriptional activity of Flt3. Together, these results
suggest that FL induces Flt3 expression on CLPs through an
IFN-I-dependent mechanism.

We have demonstrated here that IFN-I augments FL-
dependent pDC development from CLPs through up-regulation
of Flt3. Moreover, there is a dose-dependent effect of FL on
DC lineage commitment from CLPs.This finding also supports
the instructive model of DC differentiation (Schmid et al.,2010).
However, this effect seems to be CLP-specific, as CMPs (Sathe
et al., 2013) and CDPs (not depicted), two myeloid progeni-
tors with DC potential, still predominantly develop ¢cDCs at
high doses of FL. Since STAT3, a downstream signal of Flt3,
stimulates the expression of pDC-specific gene T¢f4 (Li et al.,
2012), it is tempting to speculate that high-dose FL promotes
pDC development from CLPs through increased STAT3 acti-
vation and elevated E2-2 expression. Together, we hypothe-
size a model for the FL-IFN-I-FIt3 axis in promoting pDC
development from CLPs (Fig. 4 P).
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Figure 2. Ifnar1~/= CLPs display reduced FIt3 expression and impaired survival, proliferation, and differentiation in response to FL. (A) CLPs were
isolated from WT or /fnar 1=/~ mice and FIt3 expression was analyzed by flow cytometry (n = 7). Results represent five experiments. (B) BM was stimulated with or
without 100 ng/ml of FL for the indicated times, cells were gated on lin~Flt3* cells, and expression of pAkt was analyzed by flow cytometry (n = 3). One experi-
ment out of three is shown. (C) CLPs were stimulated with 100 ng/ml of FL for the indicated times and stained for Annexin V/ (n = 4). Results represent four experi-
ments. (D) Same as in C, except CLPs were CFSE labeled before FL stimulation for the indicated times. (E) Mean percentages of CFSE population are shown (n = 4).
Results represent two experiments. (F) CLPs that had been transduced with MiGR1 or MiGR 1-FIt3 were co-cultured with AC-6.21 supplied with 100 ng/ml of FL,
gated on CD11¢*GFP*, and analyzed for DC populations. Mean percentages of GFP* ¢DCs (G) and pDCs (H) are shown (n = 4). Results represent four experiments.
(I) CLPs were co-cultured with AC-6.21 supplied with the indicated doses of FL, gated on CD11c*, and analyzed for DC populations. Mean percentages (J and L)
and numbers (K and M) of DCs are shown (n = 3-9). Results represent five experiments. Same as in |, except 400 ng/ml of FL was supplied. CLP-derived ¢DCs or
pDCs were sorted, and expression of Tcf4 (N), Rag1(0), or 1d2 (P; n = 3) was evaluated by RT-qPCR. One experiment out of three is shown.

The effect of IFN-I on DC development, maturation, and 2005). Moreover, IFN-I also contributes to systemic viral in-
function has been controversial (Honda et al., 2003; Hahm fection—induced decline of pDC numbers (Swiecki et al.,
et al., 2005; Li et al., 2011; Swiecki et al., 2011). Measles virus 2011). In contrast, IFN-I promotes pDC development in the
and lymphocytic choriomeningitis virus infection—induced Peyer’s patches in the gut (Li et al., 2011). Our results also
IFN-I blocks FL-mediated DC development (Hahm et al.,  support the beneficial effect of IFN-I for pDC development.
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Figure 3. FL induces IFN-« production in CLPs, which promotes FL-dependent pDC development. (A) WT CLPs were stimulated with the

indicated doses of FL plus anti-FIt3 or isotype antibody (1 pg/ml each) for 4 h, and expression of /fna4 was evaluated by RT-gPCR. (B) Same as in
A, except CLPs were stimulated with 100 ng/ml of FL for the indicated times (n = 3). One experiment out of three is shown. (C) WT CLPs were stim-
ulated with or without 100 ng/ml of FL plus anti-FIt3 or isotype antibody (1 ug/ml each) for 24 h, and IFN-a expression was evaluated by intracel-
lular staining (n = 3). One experiment out of three is shown. (D) EV or FL-expressing vector was delivered in vivo using the HGT method, followed
by sorting out CLPs and intracellular staining for IFN-a (n = 3). One experiment out of three is shown. (E) Same as in C, except anti-IFNAR1 or
isotype antibody (1 pug/ml each) was used. The treated cells were stained for BST2. CLPs stimulated with IFN-a4 (125 and 250 U/ml) served as pos-
itive controls (n = 4). Results represent three experiments. (F and G) WT CLPs were stimulated with 100 ng/ml of FL for the indicated times, and
Ifit3 (F) and Oas2 (G) expression was examined by RT-gPCR (n = 3). One experiment out of three is shown. (H) WT CLPs were co-cultured with
AC-6.21 cells and supplied with 50 ng/ml of FL in the presence or absence of IFN-a (100 U/ml). Cells were gated on CD11c* and analyzed for DC
populations. Mean percentages (1) and numbers (J) of DCs are shown (n = 3). Results represent two experiments. (K) Same as in H, except 100 ng/ml
of FL and anti-IFNAR1 or isotype antibody were used (1 pg/ml each). Mean percentages (L) and numbers (M) of DCs are shown (n = 5). Results
represent three experiments.

Therefore, targeting the production or actions of IFN-I may
provide a therapeutic approach to reduce pDC numbers and
ameliorate the autoimmune diseases.

Several possibilities may account for these seemingly contra-
dictory results. First, IFN-I may exert differential effects on
different subsets of DCs or DC progenitors through altered
intracellular signaling networks (Longman et al., 2007). Sec-

ond, IFN-I may trigger opposite effects in a dose-dependent MATERIALS AND METHODS

Mice. All mice used in this study were from the C57BL/6 background. Mice

manner (Dalod et al., 2002; Gautier et al., 2005). FL and IFN-
I are both induced by chemo- or radiotherapy, inflammation,
and viral infections (Levy et al., 2011; Stirewalt and Radich,
2003). Therefore, the FL-IFN-I-Flt3 axis can function under
physiological settings, triggering the amplification of DC
compartments, particularly pDCs, thereby enhancing immu-
nity. On the other hand, dysregulated pDC activation and
IFN-a production is strongly linked to the development of
systemic lupus erythematosus and psoriasis (Gilliet et al., 2008).

JEM Vol. 210, No. 12

were bred and kept under specific pathogen—free conditions. C57BL/6
(CD45.2) wild-type mice were purchased from the National Laboratory An-
imal Center, Taiwan. Ifnar1™’~ mice (provided by M. Karin, University of
California, San Diego, CA, through G.-Y.Yu at National Health Research
Institute, Taipei, Taiwan), which have been backcrossed to C57BL/6 for at
least six generations. C57BL/6-Thy1.1 (CD45.1) congenic mice and CD45.1x
CD45.2 mice were rederived and bred at the Laboratory Animal Center of
National Taiwan University College of Medicine. Procedures and the use of
the animals were reviewed and approved by the Institutional Animal Care and

Use Committee.
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Results represent three experiments. (D) Same as in A, except sorted CLPs were stimulated for the indicated times. (E) EV or IFN-a4-expressing
vector (1 pg each) was delivered in vivo using the HGT method for 24 h, and FIt3 expression on CLPs was evaluated by flow cytometry. Mean per-
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(Results represent three experiments.) (P) A model for FL/IFN-I/FIt3 axis in promoting pDC development from CLPs. High-dose FL triggers the pro-
duction of IFN-I (1), which facilitates FL-stimulated up-regulation of FIt3 (2), resulting in increased survival, proliferation, and differentiation into
of CLPs. It remains to be determined whether IFN-1 is directly involved in these processes.
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Antibodies and flow cytometry. Staining was performed at 4°C with Fc
Block (hybridoma 2.4G2) in FACS staining buffer (0.5% FBS and 0.1%
NaNj in PBS). The following antibodies were purchased from eBiosci-
ence: biotin-anti-CD11¢ (N418), PE-anti-CD11b (M1/70), PE-anti-CD3
(17A2), PE-anti-CD8 (53-6.7), PE-anti-Gr-1 (RB6-8C5), PE-anti-CD19
(eBio1D3), PE-anti-TER 119 (2E2), PE-anti-MHCII (NIMR-4), PE-anti-
Thyl.1 (HIS51), PE-anti-NK1.1 (PK136), APC-anti-B220 (RA3-6B2),
PerCP-eFluor710-anti-Siglec-H  (eBio440c), PerCP-eFluor710-anti—c-Kit
(2B8), APC-anti-M-CSFR_ (AFS98), PE/Cy7-anti-IL-7Ra (A7R34), bio-
tin-anti-Flt3 (A2F10), FITC-anti-Sca-1 (D7), APC-Cy7-Streptavidin,
FITC-anti-BrdU, and anti-IFNAR1 (MAR1-5A3). Purified anti-FIt3
(A2F10), anti-BST2 (927), and FITC-Annexin V were purchased from
BioLegend. FITC-anti-IFN-a (RMMA-1) was purchased from PBL Bio-
medical Laboratories. Flow data were analyzed with FlowJo (Tree Star) or
Kaluza (Beckman Coulter) software.

Progenitor analysis and cell sorting. After lysis of RBCs, BM cells were
stained with PE-conjugated lineage markers, including anti-CD3, anti-CDS8,
anti-B220, anti-CD19, anti-CD11b, anti-Gr-1, anti-TER 119, anti-Thy1.1, anti-
NK1.1, and anti-MHC II. CLPs defined as lin~c-kit™Sca-1""M-CSFR ~
IL-7Ra* (Kondo et al., 1997), were analyzed with the BD FACSCanto II or
sorted with the BD FACSAria III.

In vitro DC development. In vitro DC development was performed as
previously described (Chicha et al., 2004; Naik et al., 2005) with minor mod-
ifications. For AC-6.21 (Whitlock et al., 1987) feeder system, AC-6.21
(kindly provided by I. Weissman, Stanford University, Stanford, CA) were
seeded at 5.9 X 10* into 12-well plates 1 d before to reach a confluency of
80%, followed by <y-irradiation with 3,000 rad (30 Gy). Sorted CLPs at
500 cells/well were co-cultured with the AC-6.21 cells supplied with the in-
dicated doses of huFL-Ig for 20 d. FL was produced in-house using the FL
expression system provided by M. Manz (University Hospital Ziirich, Ziirich,
Switzerland; Onai et al., 2006). Progeny cells from AC-6.21 feeder system
were stained with antibodies to CD11¢, CD11b, and B220. ¢cDCs and pDCs
are CD11¢*CD11b*B220~ and CD11¢*CD11b™B220%, respectively. For
IFN-a treatment, different doses of mouse [FN-a (Merck) or IFN-a4
(produced in-house) were added into the co-culture system supplied with
50 ng/ml of FL. For antibody-blocking experiments, the indicated doses of
anti-IFNAR 1 (MAR1-5A3; eBioscience), anti-Flt3 (A2F10, eBioscience), or
their isotype antibodies was added.

Competitive adoptive transfer. 10,000 CLPs sorted from C57BL/6
(CD45.1) and C57BL/6 (CD45.2)-Ifnar1~/~ mice were co-transferred in-
travenously with 2 X 10> C57BL/6 (CD45.1xCD45.2) BM cells into
C57BL/6 (CD45.1xCD45.2) mice that had been lethally irradiated with 600
rad (6 Gy) twice at 4-h intervals. 12 d later, BM cells were stained and gated
on the CLP-derived cells (CD45.1* or CD45.2%) and analyzed for pDCs
(CD11¢"CD11b~B2207Siglec-H™) or cDC (CD11¢*CD11b"B2207).

Apoptosis and proliferation assays. For apoptosis assay, sorted CLPs
co-cultured with AC-6.21 were treated with 100 ng/ml FL for the indicated
times, followed by staining with FITC-AnnexinV (BioLegend) according to
the manufacturer’ instructions. For proliferation assay, WT BM cells (CD45.1)
and Ifnar1~/~ (CD45.2) were mixed first, and then stained with 5 uM CFSE
(Invitrogen), followed by sorting out CFSEM CLPs, co-culturing with AC-6.21,
and stimulation with 100 ng/ml of FL.The cells were collected and analyzed
with flow cytometry at the indicated times.

Hydrodynamic gene transfer (HGT). Mice were injected intravenously
via tail veins with plasmid DNA in 10% body-weight sterile PBS. DNA
injection was completed within 5 s. For IFN-a4 treatment, 0.25-1 pg
pcDNA3.1 EV or the vector expressing mIFN-a4 (provided by L.-H.
Hwang, National Yang-Ming University, Taipei, Taiwan) was injected. For FL
treatment, 2.5-5 pg of pcDNA3 EV or the vector expressing mFL (provided
by T.-C.Wu, Johns Hopkins University, Baltimore, MD) was injected.
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Intracellular staining. For intracellular pAkt staining, BM cells treated
with FL were fixed with 1% paraformaldehyde for 10 min, followed by per-
meabilization with 90% methanol for 30 min at room temperature. After the
removal of methanol, the cells were resuspended and stained with antibodies
to lineage markers, Flt3, and pAkt (pSer473; Cell Signaling Technology).
F(ab’)2 anti-rabbit IgG-FITC (eBioscience) was used for secondary labeling.
For intracellular IFN-a staining, 3-5 X 10* sorted CLPs were stimulated
with FL in vitro for 20 h. Monensin (2 uM, eBioscience) was added into the
culture for an additional 4 h before performing intracellular staining. For
in vivo treatment, CLPs were sorted directly into 1% paraformaldehyde after
HGT with mFL expressing plasmid for the indicated times. The treated cells
were fixed in BD Cytofix/Cytoperm solution. Staining was performed in
BD Perm/Wash buffer using FITC anti-mouse IFN-a antibody (RMMA-1;
PBL Biomedical Laboratories).

RT-qPCR. For gene expression analysis, sorted CLPs (5 X 10*/treatment)
were seeded onto AC-6.21 feeder 1 d before the treatments. mRINA of the
treated CLPs was prepared with TurboCapture kit (QIAGEN), followed by
c¢DNA synthesis via HiScript I reverse transcription (BIONOVAS) using
random primer. The cDNA was then subjected to RT-qPCR using primers
to Ifna4, Ifit3, Oas2, and Actb. 50,000 splenic ¢DCs and pDCs or CLP-
derived ¢cDCs and pDCs using AC-6.21 feeder co-culture system were sorted
and subjected to RT-qPCR for T¢f4, Rag1, Id2, and Actb. Data were normal-
ized to Actb. All the primer sequences are listed in Table S1.

Retroviral transduction. Retroviral transduction of CLPs was performed
as previously described (Onai et al., 2006). In brief, MigR 1 or MigR 1-mFlt3
(provided by S. Nutt, Walter and Eliza Hall Institute of Medical Research,
Victoria, Australia) plasmids were co-transfected with two plasmids express-
ing retroviral gag-pol and env, respectively, into 293T cells using the calcium
phosphate precipitation method. The viral supernatants were collected 2 d
later, concentrated, and then spin-infected GP+E86 cells in DMEM contain-
ing 10% FBS and 8 pg/ml polybrene (Sigma-Aldrich) at 1,100 g for 50 min.
After viral transduction for 48 h, GFPMGP+ES86 cells were sorted. For infec-
tion of CLPs, sorted WT and Ifnar!~/~ CLPs were co-cultured with y-irradiated
(2,000 rad) GFPMGP+ES86 cells (1.5 X 103 cells/well of 24-well plate) for
18 h in the presence of 4 pg/ml polybrene and 100 ng/ml FL. Transduced
CLPs were subjected to in vitro AC-6.21 feeder co-culture system as de-
scribed in the In vitro DC development section.

Statistical analyses. All values are shown as mean * SD. Two-tailed, un-
paired Student’s ¢ test was used to assess statistical significance: *, P < 0.05;
** P < 0.01;and *** P < 0.005.
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