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ABSTRACT

Plasmacytoid dendfritic cells (pDCs) play a critical role in bridgingrthate and adaptiiedmune systems.
pDCsare specialized typeimterferon (FN) producerswhich has implicated them astiators of

autoimmune pathogenesksowever little is known about the dowstream effeairs of type IIFN signaling
that amplify autoimmune responsetere we have used a chemokine reporter mouse to determine the
CXCRa3 ligand responses ICssubsetsFollowing TLR7 stimulation conventional type 1 and type 2 DCs
(cDC1 and cDCz2espeectively uniformly upregulate CXCL10. By contrast, the proportion of chemokine
positive pDCs wasssignificantly less, and stable CXCL10+ and CXGhdfulations could be distinguished.
CXCL9 expression'was induced in all cDC1s, in half of the cDC2 but not by pDCs. The regquifem
IFNAR signalingfor chemokine reporter expression was interrogated by receptor blocking and deficiency
and shown to beritical for CXCR3 ligand expression iftB-ligand derived DCs. Chemokine producing
potential was net concordant with the previously identified markers of pDC heteitgygEmally, we show
that CXCL10+ and CXCL10populations are transcriptionally distinekpressing unique transcriptidna
regulators, IFNsignalingmolecules, chemokines, cytokines and cell surface markieiswork highlights
CXCL10 as a downstream effector of type | IBignalingand suggestsdivision of laba in pDCssubtypes

that likely impactgheirfunctionas effectors of viral responses and as drivers of inflammation.
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INTRODUCTION

Dendritic cells (DCs) are professional antiggesenting cells thdink innate and adaptive immunityhere
are multiple DC subsets each with specialimechunemodulatory rolesConventiona(c)DCs are
comprised ofwo broadsubsetscDC1s and cDC2scDC1s are recognized for their capacity to cioEsent
antigens and CD8+ T cell priming/hile cDC2 have a higtapacity for MHC class iinediated presentation
of exogenous antigénPlasmacytoid (p)DCs are distinct from cDCs. Although pDCs can preseygmnti
they are bestnown for their ability to rapidly produdarge amountsf type | IFNs (IFNu/B)3. This feature
plays an important.role.in response to viral infectlout also implicates pDCs &sy effectos in
autoimmune diseast$ pDCs express Tollike receptor 7 (TLR7yvhich recognizes singlstrand RNA
leadingto activatign of the transcription factor interferon regulatory factor 7 (IRF7) which initiates the
secretion of type I'lENS. This signaling pathwaymportant in the autoimmune disease Systemic Lupus
Erythematosus (SLE), in which gene dosage of TLR7 is linked to susceptibilipctivel disease is
characterized by the.expression of a type | IFN signaftftd FNs andtheir downstream signature genes
have proven useful biomarkers of disease and allow patients to be stratifietbfed tderapeutic
interventio™!. The'mthogenic role of type | IFNs in autoimmunity has recently be validated in two phase 2
clinical trial$. In addition to IFNu/B, pDCscanexpress other inflammatory cytokines and chemokfnes
However, he mediators that are down stream of IFKNd amplify autoimmune responsesiains in

completely understood.

The CXCR3 family chemokine CXCL10 is an IEN signaturegene upregulated in patients with SEE“.
The CXCR3 chemokines CXCL9 and CXCLfifbmotecell recruitment to sites of inflammatitn'®.

During viral infection,DC-derived CXCL10-CXCR3 interactiormnoptimise botHl and B cell respons&s
19 Combined, thisssuggests CXCL10 is a downstream mediator of type | IFNs and may aatplihmune

immune responses:

In this study, we used chemokine reporter niicdetermingherole of type | IFNs in the induction of
CXCR3 chemokines followin@C TLR7 stimulation. Using IFNAR1 blocking and deficiency, we fotimak
CXCL9 and CXCL10 upregulation exclusively dependent ondfgNin all FIt3-ligand-derivedDC subsets.
Serendipitously, we revealed heterogeneity within the pDC population that isddefirexpression of
CXCL10. Previous studies have identified heterogensititin the pDC lineage®®%*, although whethethis
diversityis functionally relevant to type | IFN signaling and pDC function is incompletely stoet.We
foundCXCL10- and CXCL10+ populations were stably induead transcriptionally distincthe
functionalcharacterizatioof pDC subtypesvill progresses owrnderstanding diow pDCsact as effectors

of viral responses and as drivers of inflammation.

RESULTS
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In vitroderived DCs have different CXCR3 ligand expression following TLR7 stimulation

To characterizéhe expression of CXCR3 chemokines in DC populations, we made use of the REX3
transgenianouse that reports the expression of CXCL9 and CXCLl@dyluorescent protei(RFP and

blue fluorescent proteiBFP) respectively’. Seady statdDC populations were differentiated vitrofrom
REX3 BM precursorin Flt3-ligand culture®. After 8 days, ifferentiated cultureincludingpDC, cDC1

and cDC2populations werstimulatedwith the TLR7 agonist, ImiquimodMQ, Figure 1a). Following
activation cells were stained for DC markers and subsets agmessed for the expression of BFP and RFP
(Figure 1b). Approximately 30-50% of pDCs upregulated BFP (CXCLhif)le RFRCXCL9 was only
expressed in a smalumber of cells. The remaining pDCs were double negative for chemokine expression,
similar to unstimulated cultures. The bimodal distribution of CXCL10 in pDCs, wesntrast to both
populations of cDCs, that uniformly upregulated CXCL10. The majority of cDC1 cellgulpted high
levelsof both BFP and’RFP (consistently over 95%f)ile cDC2s where either BFARFP+or BFP+RFP.

We next titrated IMQo determine if higlr concentrations would increase the upregulation of CXCL9 and
CXCL10 (Figure 1c). This confirmed that 1ug thIMQ wasoptimal for CXCL10 expression by pDCs (and
cDCs, not shown)y-assehemokine reporters werdéuntbter increasedt higher concentrationsnportantly,
similar chemokine expression was observed for each DC subset following somuldh the TLR9 agonist,
ODNZ2216 and a ecombination of both TLR7 and TLR9 agonists (not shown). Therefore, the bimodal

expression of CXCL10'in pDCs was not a result of insufficient stimulation.

To assess the upregulation of CXCL10 on DCs subtypes following TLR7 activationy@€ssolated
directly from REX3 spleendJnlike unstimulated cells from Fhggand culturesex vivounstimulated pDCs
showed background expression of BFP. This expression was further upregulated withd\v@ {H).
Isolated REX3 pDCs.strongly upregtdd BFP, andnorecells were double positive for both BFP and RFP
than their Flt3ligand counterpartespite thisa population of cells remained chemokine negative
following stimulation=Therefore, regardless of the method of purificati@ifi@rentiation both Flt3-ligand

cultured andex wivopurified pDCs display bimodal expression of CXCL10 following TLR7 stimulation.

To exclude the possibility that CXCL10 negative cells were observed due to contamaigtDC gates, we
expanded our staining panel to include the additional pDC marker Bst2 and ling&gesr@d11c, CD3
and CD19 in beth Flt3-ligand cultures aa&l viopurified DC cultures (Supplemental Figuaedndb
respectively)Bst2 costainedSiglecHpDCs, which wereCD11c+CD3CD19 irrespective of CXCL10
expression. Thus, stimulat&fP-expressing anBFP-negative pDCs areoth bona fide pDC populations

and chemokineegative cells are not explained by contamination

IMQ-induced CXCR3 ligand expression requires type I IFN signaling
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Despite all CXCR3 ligands being cytokine-inducible, differences exist in thaqyoté cytokines such as

IFNo/f, IFNy and TNFe that modulate their expressiohdditionally, the response to inducing cytokines can
change depending on cell typard experimental settifity®®. We investigated theequirement for type IFNs

in the induction of CXCL9 and CXCL10 following IMQ stimulation of DC populationsitro. Remarkably,
following treatment with antiFNAR1 antibody’, chemokine expression was reduced to levels similar to
that inunstimulated>Cs (Figure 2,b).REX3 reporters were crossedth IFNAR1-deficient animals
(REX3xIFNAR™) to_confirm this majocytokine signaling pathway. Indeed, DCs derived from
REX3xIFNAR' animals were unable to upregulate either CXCL9 and CXCL10, as marked byXBe RE
reporter expression,.following IMQ exposure (Figure 2c[as were isolated directly from REX3 and
REX3xIFNAR' spleens.and cells were stimulateduiva Interestingly, unstimulated REX3xIFNAR)DCs
showed no lkemokine expression, unlike the REX3 mice that exhibited baseline BFP {Foglise 2e)
Following stimulationy"however, the IFNARcells did upregulate both CXCL9 and CXCL10. In fact, given
the lower baseline, the REX3xIFNARcells showed higher fold increase of response compared to their
REX3 controls. These.results indic#t@at IFNx plays a major role in the regulation of CXCL10 expression

by Flt3-ligandderived DCshoweverthere ardifferences in theltemokineresponsesf isolated andn

vitro differentiated’pDC populations.

CXCL10- and CXCL10+ pDC subsets are stable

As pDCs arerucial mediators linking the innate and adaptive arms of the immune system,ehatibs

that only a proportien of these cells produce CXCL10 has implications for thein refiector cell
recruitmentWe thereforeexaminedhe division of CXCL10 potential in pDC$0 complement our titration

of IMQ stimulation (Figure 1c), we investigated if typ#&Ns were limitingin our culture system, which

may indicate that'BFpDCs represent cells that receive insufficient stimulation, rather than a distinct pDC
subpopulation. However, the addition of either F0F IFNB during IMQ stimulation ofn vitro-derived

pDC cultures did net further increaseithehemokine expressigrotential suggesting that stimulation was
saturating (Figure'3arurther, we reasoned that, if CXCL10 expression defined distinct subtypes sf pDC
this expression“potential would remain stable following extended stimulation. Tenthistimulatelt3-
ligand-derivedpDC populations were sorted and restimulated in separate cultures. There was no change ir
expression of either BFP+ or BFpopulations when cells were-caltured with or without IMQ (Figure 3).
Thus, the CXCL10 reporter expression observed during initial stimulationamagsrvedollowing

subsequent stimulations suggesting these CX&lefihed populations reflected theirerall potential to
produce CXCL10Importantly this furthedemonstrated that BFRDCs were incapable of expressing
CXCL10 and not theesult of insufficienstimulation and thaBFP- and BFP+ cells were distinct and no

plasticitywas observetetween thge populations.

Current markers of pDC heterogeneity are insufficient to define CXCL 10 expression potential
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Severalpreviousstudes have defined and charactedzheterogeneity within pDC compartmeither prior

to or following stimulatiort 22423 2 Heterogeneity within this DC lineage represents an attractive
hypothesis to explain thdiverse functions ghDCsand the potential division of labor during immune
responsesAs CXCL10+ and CXCLO- pDCs may have different roles during infection and inflammation,
we wantedto determine if these chemokine-specified subsets could be identified withoue thleREX3
mice. Expression of pDC BFP was compared with cell surface mamean®usly shown to identify pDC
subtypesFIt3-ligand-derived populations of unstimulated, stimulated B&id stimulated BFP+ were
compared for expression of SiglecH, CD8, Scal and CCR9. No single ramkelindicated€XCL10
potential, however there was a correlati@ween CXC10 expression witlCCR9 and SiglecH
downregulatior{Figure 43 We next combined our antibody panel with an unsupervised cluster analysis to
determine if the combination of pDC markers could segregate CXCL10 expressingrnslipervisedSNE
dimensional reductiowas used to analyse expressiosmfiecH, CD11b, MHCIICD8, ScalCCR9
CXCR3with and without the inclusion of BFP expressioithe parameter analysis (Figure) A4¢/henthe

BFP parameter data was inchatin this analysis, populations of unstimulated and stimulated BFP+ and
BFP- were locatedhn isolatedcell clustersThe same analysis wasrformed with the exclusion of BFP
expression data. HerepstimulatedoDCs could still beseparatedrom the stimulated sampledoweve,

BFP+ and BFPcells:were now found in largely overlapping clusters and could nexferatedTherefore,
neither direct flow analysis embiasedSNE clusteringanalysis could distinguish a distinct pDC marker (or
combination of makerddp identify pDC populations without the inclusion of CXCL10 reporter data. Thus,
additional markers.are required to further define the CXCL10 potential ofgop@ations without REX3

mice.

CXCL10 expression defines transcriptionally distinct pDC subsets

As the current set of.surface markers waselifficient to resolveCXCL10- and CXCL10+ pDC subsetsew
nextidentifiedgenes that were differentially expressed betwessrh population using whole genoREA
sequencing analysis=This confirmed that CXCL10- and CXCL10+ pDCs populationsavseiptionally
distinct subsetspwitB80gene transcripts differentially regulated between them (Figud).Sdne top 20
gene ontology categories defined by Metascape analysis ranked by p-valpef¢lodifferentially
expressed genes highlightedthways regulated between pDC samples involve cell activation, adhesion,
migration and actin dynamics in addition to viral response, cytokine signaling andddlafLisg genes
(SupplementalFigure 2a). The pDC lineabpining transcription factor E2 (also known as TCF4) was
unchanged between these groups (Supplemental Figure 2c), howstbeetranscriptional regulators
important for DC fate decisions, such as PU.1, Xbpl and Batf were differengigilliated between samples
(Figure 5a). Several geneguch as TCF7, CD5, CD16ljfferentially regulated between oir vitro-derived,
simulated pDC populations play important roles in T or B cell biology, but are largdignacterized in
DCs. Although we found no evidenoéT or B cell surwal following 8 days of Flt3-ligand culture and

these cellare absent from our pDC gating strategy (Supplemental Figure 1a), we used ecRM&seq
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datacompiled for haemosphere.dtgo determine thain vitro-derived pDC populations were bona fide

pDCs without contamination. Using unbiasedlti-dimensional scalingy? vitro pDC populations were most
similar to ex vivopurified, unstimulated splenic pDC and unrelated to sorted spleen and lymph node naive
CDA4 T cells)haive CD8 T cells and total B cells (Supplemental Figure 2b). Further, by comjraesggl
defining gene transcriptsve showed transcripts af vitro pDCs subtypeswvere related tex vivopurified,
unstimulatedpDCs and neither BFP+ or BFPBC populations were enriched for T or B cell transcripts
(Supplemental Figure 2c). Thusy cellular and transcriptional analysis, pp@pulations are bona fide

pDCs without contaminating lymphocytes.

IFNa2, the soledifferentially regulatedFNo genebetweenCXCL10+ and CXCL16, was found more

highly expressed in the.CXCLIBFP- cells (Figure 5¢ and Table Hurther,we found no difference in
expression of transeription factors IRF7, IRF8 or Runx2 that upregulate pFdductionor differences in
IFNAR receptoror, TLR7 expression (Supplemental Figure 2c, Table 1datd not shown)oth subsets
upregulated unigue=kkBnd IFN signaling pathways (Figure 5b). Consistettt the observation that

CXCR3 chemokines.are induced secondary to typéllexpression, IFNegulated genes were found
differentially expressed. Indeed, 11 type | I§ihature genes thate found overexpressed in autoimmune
patients were expressed (FiguredB™. The najority of these were found in the BFP+ population, although
Oasllwas more highly expressed in the BIEBHs. Together with the observed increase in transcripts for
chemokines and cytokines in this population (Figuret& confirms thatCXCL10- pDCsare an activated

and signaling population.

RNAseq data provided multiple differentially regulated genes that transcribe cell surfacesgfetpire

5d). We next attempted to use this list to find markers to distinguish pDC subpopulatiornsteGbonsth

our previous workgs€CR9 was found to be down regulated on BFP+ expressing pDCs. CCR9 expression v
co-analysed with antitdies for Ly6C.2, CCR2, CD9, CD5 and CD19 (Figure 5e and data not shidvis).
confirmed our RNAseq approach as Ly6C.2 and CCR2esgmncorrelated witithe CXCL10+ pDC
population. However, these markarsrenot able to completely segregate the pDC populations. We next
used these additional markers (SiglecH, CD11b, MHCII, CCR9, CCR2, Ly6C.2, CD19, Cl®Aainth
unsupervised clustering analysigh and without inclusion of BFP expression data (FigureAgain, when
the BFP parameter data was included in this analysis, populations of unstimnthstoralated BFP+ and
BFP- were located in isolated cell clusteffie use of dditional surface markers allow®&¥FP+ and BFP
expressing cells to be masegregeedthan our previous analysiBigure 5f and Figure 4b). However, this
combination of markers could still not fully distinguish pDCs based on CXCL10 expresdnmuirite
inclusion of the BFP parameter. This work suggests that pDCs are more heterof@iteeing activation
than currently appreciated, and the CXCL10+ and CXCkb@partments may comprise of further

subpopulations.

This article is protected by copyright. All rights reserved



CXCL10 expression defines pDC subtypes
DISCUSSION

This study sought to characterize the expression of CXCR3 chemokines in Flt3-ligaad @€ subsets.
Following TLR7 activation, we found pDCs, cDC1s and cDC2s express reproducible and prsfites of
CXCL9 and CXCL1Ghat are primarily induced byNa/p. Wefurtheridentified heterogeneity with the
pDC population that is characterized by CXCL10resgion The BFR-CXCL10+ and BFRCXCL10-
activatiorinduced subpopulatiord pDCs were transcriptionally distin@FP+ pDCs expressed increased
PU.1 Conversely, BERSXCL10- pDCs had higher expression of Batf aidpl. These transcription factors
regulate DC lineage fate, however, little is known about how they may act to spédiiycon in mature
DC subsets®.

pDCs have been implicated in the pathogenesis of autoimmune diseases that are characterized by a type
IFN signature, such"&®LE**, Using cellular andnolecularapproaches, we show that IFNAR signaling
plays a major role in the regulation of CX@LO0 expression bgll Flt3-ligand DCs As unsortedDC cultures
conditionswere used.for stimulation, we suspttt pDCsare the cellular source FNo/p leading to cDC
chemokine expressiom contrast to Fltdigand derived pDCdFNAR1-deficientex vivoisolated pDCsre
able to upregulatBoth"CXCL9 and CXCL10Potentially, isolated DCs can produnaltiple inflammatory
cytokines, such as TNEin addition tolFNo/p which mayoverride this pathwayAlternatively, ex vivo
pDCs contain an additional subtyywéh CXCL9 expression potentighat is not found in Fltdigand cultures
and this populatiors inCreaseah IFNAR1-deficient mice While IFNAR-deficiency does not alter the
potential for pDCs tosproduce INsomeDC populationsrealtered in IFNAR animalé® *. Together,
this suggests thatTENARmice are more complicated thasienple receptor knockout and that
compensatory mechanisms may exist in this mdgmtsistent witHFNo/p signaling we found multiple
type 1IFN signaturegenes werelifferentially regulated in our pDC populatidits. Thesewere genes
predominantly upregulated in tiB#&=P+CXCL10+ population.The observation that IF®R is expressed by
CXCL10- pDCs further supports the notitihat chemokine negative cells aret theresultof insufficient
stimulation, and indeed are a likely cellular source of IFNs for BFP+QXR&IpDCs. Combined, this
suggests that pD@erived IFN«/p can act on all DC subsets leading to chemokine expression, further

emphaizing CXCL10asacritical downstreanmediator and biomarkef type | IFNS> 4,

CXCL10 and CXCLX0+ pDC populations express transcriptionally regulated cell surface markers, cytokine
and chemokines'that highlight the diverse range of pDC funétidhis emphasize €XCL10 expression an
essential consideratiomhen determining pDC functiom vvo and suggests that different populations may
influenceadaptive immune responséa distinct mechanismg&€hemokine receptor expression by pDCs may
indicate preferential homing between populations. BFP+ cells showed increased exmfeSSi®2 which
promotes guidance to the skin, while BFP- cells expressed the gut homing chemokirié Eamre
CXCL10+BFP+ pDC population may bsuperior at T cell recruitment and primifid®. Not only due to the

expression o€XCL10, but also expression of activating immune-modulatory molecules such as Ly6c,
This article is protected by copyright. All rights reserved



CXCL10 expression defines pDC subtypes
Clec7a, CD74, Slamf7, Ly86 and CD38terestingly this population alsexpressed higher levels of

inhibitory receptors, such as CD300Ag€4aBTLA/CD272, CD200/CD200rLRecently it was shown
following viral infection that pDCs promote cDC1 DC maturaifo@D8+ T cells were shown tpromote
interactions between themselves aB1s through XCL1 expression. Our data suggests specific pDC
populations may be involved in these cell clusters, either through pDC CXCL10+s&rpter through
XCL1 expression bz XCL10- pDCs. Our data suggests a correlation between pDC subtypes defined by
IFNPB expression thteexpress chemokines such as GGInd have different potential for attracting T cells,

however CXCL10 waproduction was not assessed in this sttidy

Unfortunately, surface markers that define pDC populations based on CXCL10 po&néiad elusiveThe
strongest correlatiowith.chemokine expressiamasthe expression of CCR9, which was highest on the
BFP- pDC population=Although, CCR9 expression in BM pDCs is a marker of heterodéfiothers
have proposethat alternativelythese cellsareprecursors of cDG& In our hands, the BFP+ pDCs are
largely CCR9 and.have.higher expression of PU.1, similar to cDC precursors. HowsReaBFP+cell
chemokine expressionwas distinct from the cDC compartmergxardsesBst2 andncreased levels of
SiglecH, which speeifies the within pDC subset. Interestingly, DC populatiaefinedby CXCL10 do not
segregate with previously described populatiomnofise pDCs described &sal+ andcal populations or
CD9+Ly6C-CCRY that produce IFM and CDILY6C+CCR9+ that do nét *%. These pDC subpopulations
aredistinguishable prior to stimulatiand likely represerdifferernt maturation statewhereas CXCL10

expression only defines pDC heterogeneity following TLR-ligand stimulation.

Recently a study of human pDCs has also revealed activdtidinced pDC subpopulatiofts This study
demonstrated that.influenza virus treatment of pB¥Sslted in threelominant populations with specific
molecular feature&hese populations were distinguished based on the PD-L1 and CD80 surface expressio
Parallels can be drawn/betwettrese newly described human pDC subpopulations and those identified here.
Some common marker€ D80 and CD83 were both more highly expressed in the BPF+ cells in our study
and the PO:-1-CD80+population (termed P3). Similar to our hypothesis for BFP+ pDCs, this study
demonstrated the P3 strongly induce T cell activation. The B&julation shares similamsto the

described PBL1+CD80+ (P1) population due to their common expression of TARF, and IFNx2. In

human pDCs, this population was shown to exclusively produce & TNF?:. Finally, human and

mouse pDC populations exhibit distinct morphofddfy. Our Metascapeene ontology analysis

(Supplemental Figure 2a) highlighted differentially expressed pathwaysgaiatadhesion anaktin

dynamics suggesting this may also the case for pDC populations defined by CXCL 10iex0ess

intriguing hypothesis is that CXQ0 expression pentialmay align with thdineage precursor cell that gave
rise to each pDGubtype. In Flt3-ligand cultures, both common myeloid precursors (CMP) and common
lymphoid precursors (CLP) give rise to functigi&No expressing pDC populatiofis® . Differences

between CMP and Cl-Berived pDC populationgmain incompletely characteed.
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This study highlights the complexity that exists within the pDC population and a dividiaimaobetween
pDC populations following stimulation. This work begins to unravel this complexity and tkiato how

pDCsmayfunction /in vivoto attract as effectors of viral responaes as drivers of type | IFN inflammation.

METHODS

Mice

Mice were maintained on a C57BL/6 background in specific-pathfrgerconditions. Animal experiments
were performed an accordance vitle Walter and Eliza Hall Institute animal ethics commitREeX3

(Reporting the Epression of CXCR3 ligands) transgenimice™ were crossedith IFNAR1” *for analysis.

Generation and activation of Fit3-ligand dendritic cells

FIt3-ligand DCs were generated as previously descfbeith some modifications. @&e marrow was
flushed and washed.in RPMI1640 3% FCS, through an FCS undeddyells were removed and cells were
washed two more times through an FCS underlalis@ere cultured at.5x16 cellsmL™ in specific DC-
media (KDS RPMiyaME, 10% FBS)ontaining 200 ngnL™* recombinanflt3-ligand (BioXcell), for 8 days
at 37C in 10% C@Hit3-ligand DCs were resuspended in cultui2@-media at a concentration of 5X10
cellsmL™ and culttiréd"alone avith 1 pg mL™* IMQ (Invivogen)with or without 10ug mL* antidFNAR1
(MAR1, PJ. Hertzo%) 24 h at 37C in 10% COIFNo and IFN3 (PBL Assay Science) was addedsome

stimulating IMQ culturs.

Splenic DC preparation

Small pleenfragmentswere digested successively for 20 min and two times for 10 min at 37C with 0.2 mg
mL™ of collagenasesP«(Roche), 0.8mi™ of Dispase Il (Roche) and 0,1 my_"of DNase | (Rochéj.

After each incubation,the supernatant was collected and remaining tissue pieces were incubated with fres
digestion medium: Light-density cells were isolated from digested cellrssieps using Nycodenz density
medium (Nycomed®arma, Oslo, Norway) at 1.076&gi° and centrifuged 15 min at 1700g at*AcCells

were collected, washed addpleted of non-DC lineage using an mAb cocKaib3 (KT3-1.1), Thy-1
(T24/31.7), Ly6G 1A8), CD19(ID3), erythrocyte TER119)) and BioMag anti-lg beads (Qiagen).

Flow Cytometry

DCs were stained with'a combination of Siglec-H (eBio44c), MHCII (M5/114.15.2), CI\418], and
CCR9 (eBioCWL1.2); CD24 (M1/69, CD11b (M1/70), Bst2 (120G8) and Fixable Viability Stain (A700),
CD8 (53.6.7)CD19 (ID3), Scal (E13-161.7)Ly6C (HK14), CCR2 KIC-21, M Mack®). Cell analysis and
sorting wagerformed on LSR Fortessa2d, FACSAria Fusion (BD Biosciences). Lineage reference cells
were ex vivopurified, unstimulated splenic pDC (CD11d&st2+ F4/80-(BM8)) and unrelated to sorted
spleen and lymph node naive CD4 T cells (CD4+ (GKLTBH5- (PC61.5)CD62 + (MEL14), CD44-
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(IM7)), spleen and lymph node naive CD8 T cells (COB362_+, CD44-) and spleen and lymph node total

B cells (B2D+ (RA6-8C3),CD19+, Terl19-, F4/80-, CD11b-)

RNA sequencing

RNA was isolatedndependently from two biological replicates (RNeasy plus micro kit, QiagddiNA
reverse transcription and cDNA librarieere prepared using the SMARSeq v4 Ultra low Input RNA kit
(Clontech LaboratorigsSamples were sequenced with Illumina NextS&@ & lllumina Genome Analyzer
sequencersSequence reads were aligned to the GRCm38/mm10 build of the Mus musculus genome using
the Subread align‘éarandgenewise counts were obtainesing featureCount§ Genes were filtered from
downstream analysis if they failed to achieve a CPM (counts fieemmapped reads) value of 0.1 or
greater in at leastdwolibraries. Counts were conveaéag2 counts per million, quantile normalized and
precision weighted'with the ‘voom’ function of the limma pack&de Empirical Bayes moderated t
statistics were used o assess differences in expréssiampirical Bayes moderatetP values were
computed relative to.a fold-change cutoff of 1.2-fold using tte@enes were called differentially expressed
if they achieved a false discovery rafe<0.01. (RNAseq data uploaded to GE®™etascape analysis was
used to find the top=20=gene ontology categories defined by ranked by floglge

Statistical analysis
Flow cytometry wasnalysedising Flowjo (Treestar) and Prism 6 (Graphp&tjwjo downsample and
tSNE plugin was"used for unsupervised cluster analysis. Significance of CXCL1Mbleskieriments was

determined by twavay ANOVA with 7ukey’'smultiple comparison pogest.

Accession codes
Raw sequence reads;.read counts and normalized expression values have been deposited into the Gene
Expression Omnibus (GE@ptabase under accession numbers GSE110975 and GSE113770.
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FIGURE LEGENDS

Figure 1 REX3 chemokine reporter expressionMQ stimulatedDCs. @-c) 8 day/n vitro-derivedFIt3-
ligand culturedREX3 DCs stimulated with IMQ at indicated concentration2#r and analyzed by flow
cytometry (d) Ex vivopurified DCs weredsolated from REX3 spleens, stimulated with IMQ for 24h and

pDCs wereanalyzed by flowResults areepresentative of at least 3 individual experiments.

Figure 2 IMQ-induced CXCR3 ligand gxession requires type | IFN signalin@) /n vitro-derived FIt3
ligand culturedREX3'DCs were stimulated with IMQ with anENAR1 blocking antibody as indicated.)(b
NormalizedCX€EL10expression of a. IMQ alone CXCL10 is set to 100% expression for each DC
population. ¢ /vitFerderived Flt3ligand culturedREX3 and REX3xIFNART DCs were stimulated with
IMQ with antiHIFNAR1 hlocking antibody as indicatedl)(Brequency of CXCL10+ dis of c. (€) £x vivo
purified pDCs isolated from REX3 and REX3xIFNARBpleens were stimulated with IMQ for 24k, ¢, €
Results are representative of 3 individual experiméhigl) Data is compiled from 3 individual
experiments. Results are expressed as me&@Dtdf individual experiments. **#£< 0.0001, **P< 0.001,

* P<0.05, twoway ANVOVA with Tukey'smultiple comparison pogest.

Figure 3 CXCL10 expression is stable in pDCs following IMQ stimulatian./favitro-derived Flt3ligand
cultured REX3 DCs were stimulated with IMQ 24 hours witradditional IFNx or IFNB as indicated.k(p
In vitro-derived Flt3ligand culturedREX3 pDCs were sorted on CXCL10-BFP expression after 24h
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stimulation with IMQ. Sorted BFP+ argFP- populations were returned to culture either left unstimulated,

or restimulated for an additional 2ghor to flow analysisResults are representative of 3 individual

experiments.

Figure 4 Current pDC markers are insufficient to define heteroggiei€XCL10 expression@a) /n vitro-
derived Flt3ligand cultured REX3 DCs were lefhstimulated (greydr IMQ (1ug mLY) stimulatedREX3
for 24h(BFP+ blue; BFPred)pDCs were analyzed for expression of SiglecH, CD8, 8cadCCRQ
Populations gated based on CXCL10 expression, downsampled to achieve equivalenbpaizdstiand
overlaid to compare marker expressidy).t&NE analysis using concatenated pDC populafiams
unstimulated and'stimulated REX3 cultucds. Analysis used SiglecH, CD11b, MHCII, CD8, Sc&CR9,
CXCR3flow parameters +/CXCL10 expression dat®esults are representative of 3 individual

experiments.

Figure 5 CXCL10+ and CXCL10pDCs are transcriptionally distinct, but cannot be identifigédditional
surface markerga-d) Differentially expressed genes from vitro-derived Flt3ligand cultured IMQ (1ug

mL™) stimulatedREX8:pDCsBFP+CXCL10+and BFPEXCL10- populationsanalyzed by RNAsedsenes

are categorized by:funetion. Type 1 IFN signature gerel and surface molecules an&gzZgreen) are
highlighted. & /n pitro-derived,IMQ (1ug mL?) stimulatedREX3 (BFP+ blue; BFPred) pDCs were
analyzed for expregmrof Ly6C.2 and CCR2. Populations gated based on CXCL10 expression,
downsampled to"achieve equivalent population sizes and overlaid to compare marlssi@xpffetSNE
analysis using concatenated pDC populations from unstimulated and stimulated REXS cAlbalysis

used SiglecH, CD11b, MHCII, CCRY9, CCR2, Ly6C.2, CD19, CD8 and ftiw®parameters +/CXCL10
expression dat&NAseq samples were collected in 2 independent experiments. Libraries were made and

analyzed togetheFlow. results are representative of 3 individe&periments.

Supplemental Figure1"Gating strategy for pDCsa)X@& day/n vitro-derived Flt3ligand cultured REX3 DCs
were unstimulated '@timulated with IMQ for 24h and analyzed by flow cytomeRgnels show co
expression of SigleeHwith Bst2 and lineage specifying markers CD11c, CD3 and CDOi&edio BFP
CXCL10 induction. §) Ex vivopurified DCs were isolated from REX3 spleavere stimulated and anaba

as in a.

Supplemental Figure 2 Transcriptional analysis of pDC subpopulations with lineage reference @ata. (
Metascape analysis of the top 20 gene ontology categories defined rankedlbg fego) for differentially
expressed gendéetween stimulateds vitro-derived Flt3ligand cultured REX3 pDC populations)(Multi-
dimensional scaling of transcripts fromvitro-derived pDC populations comparedes vivopurified,

unstimulated splenic pDC and sorted spleen and lymph node naive CD4 T cells, naivedllBaniddotal
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B cells. €) Comparison of specific lineage defining gene transcripts between samples analy2éuotéen a.

that the pDC genes, Tcf4, TIr7 amit9 are also expressed in B cells.

Table 1 Raw data counts of IFdNgenes transcripis pDC populations. LogReadsPer Kilobase of

transcript per fiflion mapped reads from pDC populations analyzed in Figure 5.
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Figure 4
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Figure 5
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