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Type1conventional dendritic cells (cDC1s) are unique in their efferocytosis' and cross-

presenting abilities?, resulting in antigen-specific T cellimmunity® or tolerance*™®,
However, the mechanisms that underlie cDC1 tolerogenic function remain largely
unknown. Here we show that the erythropoietin receptor (EPOR) acts as a critical
switchthat determines the tolerogenic function of cDCls and the threshold of
antigen-specific T cell responses. In total lymphoid irradiation-induced allograft
tolerance®, cDCls upregulate EPOR expression, and conditional knockout of EPOR
in cDCls diminishes antigen-specificinduction and expansion of FOXP3" regulatory T
(T,) cells, resulting in allograft rejection. Mechanistically, EPOR promotes

efferocytosis-induced tolerogenic maturation

"Mofsplenic cDC1s towards late-stage

CCR7' ¢DCls characterized by increased expression of the integrin B8 gene® (/tghs),
and conditional knockout of /tghb8in cDCls impairs tolerance induced by total
lymphoid irradiation plus anti-thymocyte serum. Migratory cDCls in peripheral
lymph nodes preferentially express EPOR, and their FOXP3" T, cell-inducing capacity
isenhanced by erythropoietin. Reciprocally, loss of EPOR enables immunogenic
maturation of peripheral lymph node migratory and splenic CCR7* cDCls by
upregulating genes involved in MHC class II- and class I-mediated antigen presentation,
cross-presentation and costimulation. EPOR deficiency in cDCls reduces tumour
growth by enhancing anti-tumour T cellimmunity, particularly increasing the
generation of precursor exhausted tumour antigen-specific CD8' T cells”® in tumour-
draining lymph nodes and supporting their maintenance within tumours, while
concurrently reducing intratumoural T, cells. Targeting EPOR on cDCls to induce
orinhibit T cellimmune tolerance could have potential for treating

avariety of diseases.

Immune tolerance®, astate of indifference or non-reactivity towardsa
substance that would normally be expected to excite animmunological
response, is beneficial in transplantation and autoimmune diseases
but detrimentalin cancer®. cDCls are prototypical antigen-presenting
cellsthat specialize in acquiring cell-associated antigens by taking up
apoptotic cells viaa process called efferocytosis** or taking up necrotic
cells” to induce corresponding cell-associated antigen-specific
T cellimmune responses' 2, By virtue of their unique capacity to
cross-present cell-associated antigens to CD8" T cells?, cDCls are
required for immunity against tumours and viral infections?. In the
cancer-immunity cycle??, cDCls are vital for cancer immune surveil-
lance by priming tumour antigen-specific CD8" T cells leading to the
generation of precursor exhausted T (T,,) cells in tumour-draining

lymph nodes (TDLNs) and recruiting and restimulating immune effec-
tor cells in the tumour microenvironment (TME)?°. The functional
state of cDCl1s coupled with antigen uptake and subsequent antigen
presentation dictates both the direction (immunogenic versustolero-
genic) and intensity of an antigen-specific immune response®. The
acquisition of dead cells by cDC1s not only initiates both CD4" and
CDS8'T cell priming and activation' but can also result in tolerogenic
programming and maturation of cDC1s*>”*, leading to theinduction of
antigen-specific CD4"FOXP3* T, cells**and deletion of antigen-specific
CD8' T cells®. cDCls contribute to homeostatic tolerance’, tolerance to
dietary antigens®** and tolerance in autoimmunity®*¢ and transplanta-
tion*. However, the mechanisms that determine how cDCls become
tolerogenic for T cell adaptive immunity remain unknown.

A list of affiliations appears at the end of the paper.
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Fig.1|Efferocytotic tolerance-inducing cDCls upregulate Eporfollowing
TLI. a, Schematic of TLI/ATS treatment, allo-bone marrow infusion, and heart
transplantationin C57BL/6 and Batf3” mice. b, Donor type (H2K*) leukocytes
(B220*, TCRB*,Ly6G*,CD64") in peripheral blood 28 days post-bone marrow
infusion. Wild type (n=10) versus Batf3” (n=7).c,Heart allograft survival

in C57BL/6 (n=10) versus Batf3” (n=7).d,e, RNA-seq of splenic cDCls from
untreated (UNT) or TLI/ATS-treated mice. d, Enriched GO Biological Processes
with TLI/ATS treatment. e, Volcano plot of differentially expressed genes.
f,qPCRof selected genes (untreated, n=8; TLI/ATS, n = 6). g-i, Flow cytometry
analysis of Epor-tdT on cDCls and cDC2s from untreated, TL1and TLI/ATS-
treated mice (g), and summary of cDC1frequency (h) and Epor-tdT cells (i)
(n=5pergroup).j, tdT expressionin Epor* cDCls: histogram (left) and

mean fluorescence intensity (MFI) (right) (untreated, n=5; TLI/ATS,n=4).

Tolerogenic cDCl1s upregulate EPOR after TLI

Toinvestigate the mechanisms of cDC1-mediated tolerance, we used a
protocol combining total lymphoid irradiation (TLI), anti-thymocyte
serum (ATS), and allogeneic donor bone marrow infusion®, which
induces mixed chimerism and donor-specific tolerance in kid-
ney transplant patients, enabling the patients to be weaned off
immune-suppressive drugs without graft rejection®. In mice, this
approachreliably induces lifelong mixed chimerism and tolerance to
fully MHC-mismatched organs®. cDCls are indispensable forimmune
tolerance®, as Batf3”" mice lacking cDCls did not establish bone
marrow chimerism (Fig. 1a,b) or maintain allo-heart grafts (Fig. 1a,c).
After combined TLI and ATS (TLI/ATS), total splenic cell numbers
decreased by about 60% (Extended Data Fig. 1a), but cDCls increased
more than twofold among cDCs (Extended Data Fig. 1b,c), with more
than 97% expressing XCR1*° (Extended Data Fig. 1d). cDCls from
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k,1, RNA-seq of splenic Epor-tdT" versus Epor-tdT c¢DCls post-TLI/ATS (n=2 per
group, pooled from15mice). k, Volcano plot ofupregulated genes.l, Heat map
ofgenesenrichedin Epor-tdT' cDCls. b, Data are pooled from two independent
experiments. ¢,g-j, Dataare shown for one experiment, representative of at
least three independent experiments with similar results. Statistical analysis
was performed using unpaired two-tailed Student’s t-test (b, f,j), one-way
ANOVA (h), two-way ANOVA with Tukey’s multiple-comparison test (i) or
Kaplan-Meier survival analysis with Mantel-Cox test (c). Pvalues were
calculated using hypergeometric tests with Benjamini-Hochberg correction (d)
or two-sided generalized linear model likelihood ratio tests with Benjamini-
Hochberg correction (e k). b,f, h-j, Dataare mean + s.e.m.Diagraminacreated
inBioRender.Zhang, X. (2025) https://BioRender.com/dSyzicr.

TLI/ATS-treated mice showed increased Ki67, indicative of proliferation
(Extended Data Fig. 1e). Their identity was confirmed by high expres-
sion of Batf3",IRF8* (Extended DataFig. 1f,g), Zbtb46-GFP* (Extended
Data Fig. 1h) and low expression of Mafb-mCherry** (Extended Data
Fig.1li-k). RNA-sequencing (RNA-seq) and Gene Ontology (GO) analysis
of XCR1'CD8a" ¢DCls after TLI/ATS revealed upregulation of genes
involved in phagocytosis, apoptotic cell clearance, erythropoiesis
and myeloid cell migration (Fig. 1d), aligning withincreased apoptotic
lymphocytes (Extended Data Fig. 2a,b), serum erythropoietin (EPO)
(Extended Data Fig. 2¢) and splenic erythropoiesis (Extended Data
Fig.2d,e). Epor was upregulated (log,(fold change) = 3.45; adjusted
P=0.000164; Fig. 1e) in cDCls following TLI/ATS, and quantitative
PCR (qPCR) confirmed increased expression of Epor, Axl, Mertk and
Cdsl (Fig. 1f).

To confirm EPOR expression on cDCls, we utilized Epor-tdTomato
(tdT)-Cre mice®. After TLI/ATS, cDCls increased threefold in these
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mice (Fig. 1g,h), similar to the increase in wild-type C57BL/6 mice
(Extended DataFig.1c), and Epor-tdT expression specifically increased
markedly on cDCls (Fig. 1g,i,j). Five days of treatment with recombi-
nant EPO (Extended Data Fig. 2f) expanded cDCls, increased their
Epor-tdT expression (Extended Data Fig. 2g,h), and increased expres-
sion of erythroid progenitors (Extended Data Fig. 2i) and red pulp mac-
rophages (Extended Data Fig. 2j), validating Epor-tdT as a functional
EPOR reporter. After TLI/ATS, Epor-tdT expression was enriched in
CCR7" mature®” ¢cDCls (Extended Data Fig. 2k), and was accompa-
nied by increased CD103” expression (Fig. 1g), which is associated
with high engulfment capacity. Gene set enrichment analysis (GSEA)
revealed enrichment of metabolicand mTOR gene sets (Extended Data
Fig.3a-c), consistent with enhanced EPO-EPOR signalling*®in cDCls,
as evidenced by increased phosphorylation of AKT, ERK, STATS, S6
and 4E-BP1 (Extended Data Fig. 3d), with minimal activation in cDC2s
(Extended Data Fig. 3e).

RNA-seq of fluorescence-activated cell sorting (FACS)-sorted
Epor-tdT* and Epor-tdT cDCls following TLI/ATS again showed that
Eporwas highly upregulated in Epor-tdT* cDCls (Fig. 1k,I) along with
apanel of genes that contribute toimmune regulation (Siglece, Vsig4,
Tgfb2, Argl and Aldhlal), efferocytosis (Axl, Gasé, Prosl, LrpI and
Timd4), lipid metabolism (Cd5[, Fabp4, Lpl, Ptgs1, Pparg, Nr1h3, Apoe
and Abcal), and iron metabolism (HmoxI1**® and Slc40al) (Fig. 1k,).
Thus, TLI/ATS markedly increased both the cycling of cDCl1s and their
EPOR expression. Combined with local accumulation of apoptotic
cells and increased EPO, these findings point to the possibility that
EPO-EPOR signalling is involved in the tolerogenic role of cDCls in
the context of efferocytosis*.

cDCl1 expression of EPOR is required for TLI-induced
tolerance

To further investigate the tolerogenic role of EPOR on cDCls, we next
generated Epor™“™ (XcrI** Epor™°*; H-2K"*)*** mice and found that
AKT-mTOR signalling activation following TLI/ATS was abrogated
specifically in cDCl1s but not in cDC2s (Extended Data Fig. 3f,g), con-
firming efficient Epor deletion. Ex vivo EPO stimulation further vali-
dated the cDCl-specific responsiveness of EPOR to EPO, as shown by
enhanced phosphorylation of AKT, ERK, STATS, S6 and 4E-BP1in cDCls
isolated from EPOR-intact TLI/ATS-treated Epor™/* mice (Extended
DataFig.3h). Asin Batf3” mice (Fig.1b,c), loss of EPOR in cDCls abro-
gated TLI/ATS-induced bone marrow chimerism (Fig. 2a,b) and led to
allograftrejection within 2 weeks (Fig.2a,c), indicating that cDC1-EPOR
signallingis required for TLI/ATS-induced tolerance.

Given the critical role of FOXP3" T, cells in implementing and
maintaining immune tolerance®, and the fact that stable bone mar-
row chimerism is crucial for tolerance and long-term graft survival®,
we hypothesized that EPOR" cDCl1s mediate their tolerogenic effects
by inducing T, cells in response to allo-bone marrow infusion. To
assess this hypothesis, we depleted FOXP3* T, cells in Foxp3-DTR mice
with diphtheria toxin during days 0-14 (group A) or 15-28 (group B)
(Fig. 2d) following TLI/ATS and allo-bone marrow infusion. Diphthe-
ria toxin reduced the number of FOXP3" T, cells by more than 90%
(Extended Data Fig. 4a). Depletion on days 0-14 abolished bone mar-
row chimerism (Fig. 2e), whereas depletion on days 15-28 prevented
itsfurtherincrease and caused adecline by day 28 (Fig. 2e). These data
demonstrate that T, cells are required for both induction and main-
tenance of immune tolerance following TLI/ATS treatment. To test
whether EPOR signalling in cDCls can drive T, cellinductionin vitro,
we first cocultured CellTrace Violet (CTV)-labelled naive OT-II T cells
with Epor-tdT* or Epor-tdT” c¢DCls together with apoptotic Act-mOVA>
thymocytes. EPOR’ cDCls generated more antigen-specific FOXP3*
T, cells than EPOR™ ¢DClIs; this effect was further enhanced by EPO
(Fig. 2f). Next, to determine whether cDC1 EPOR expression s required
for T, cellinduction in vivo, we quantified FOXP3* T, cells during

TLI/ATS tolerance induction in wild-type, Batf3”~ and Epor®*™ mice
alongside untreated controls. After TLI/ATS, on day O, before bone mar-
row infusion, CD4" T celland FOXP3" T, cell frequencies were similar
across strains (Fig. 2g, top and Extended Data Fig. 4b,d). At 14 days
after allo-bone marrow infusion, the proportion of conventional CD4*
T cells increased from 1-2% to more than 10% in Batf3”~ and Epor**
mice, whereas they remained 1-2% in wild-type mice (Fig. 2g, bottom
and Extended DataFig. 4c,e). By contrast, T, cell frequencies increased
inwild-type mice but markedly decreased in Batf3”~ and Epor**™ mice
(Fig.2g, bottom and Extended DataFig. 4c,e). Additionally, in MHCII#*"
(Xcr17** H2-AbF*#°%)> recipients (Extended Data Fig. 4f), bone marrow
chimerism establishment (Extended Data Fig. 4g) and FOXP3" T, cell
expansion did not occur, whereas conventional CD4" T cells increased
innumber (Extended DataFig. 4h,i), indicating that EPOR signallingin
cDClsdrives tolerance via MHCII-mediated T, cell induction.

TLI/ATS reprogrammes the immune system within a strict time
window to recognize allo-bone marrow as self, enabling durable
chimerism and donor antigen-specific tolerance®%. To confirm
the antigen-specificity of the T, cells induced by EPOR" cDCls fol-
lowing allo-bone marrow infusion, we infused the recipients with
2WI1S-BALB/c*® bone marrow (Fig. 2h); the high precursor frequency
of naive CD4" T cells that recognize MHC class I11-A® 2W1Sss_..*° enables
identification of endogenous donor-specific recipient FOXP3" T,
cells using MHCII tetramer staining. In untreated mice, 14 days after
2WI1S-BALB/c allo-bone marrow infusion, only 2-5% of CD442W1S
tetramer*CD4" T cells were FOXP3* in either Epor™* or Epor*** recipi-
ents (Fig. 2h), indicating a strong alloreactive response of untreated
recipient CD4" T cells upon allo-antigen encounter. By contrast,
TLI/ATS-conditioned Epor**” recipients showed 15-22% FOXP3" T,
cells in 2W1S tetramer*CD4" T cells, compared with more than 55% in
Epor™°* recipients (Fig. 2h).

To investigate whether cDCl-specific EPOR expression drives T,
cell differentiation from FOXP3™ naive precursors, we compared
FOXP3 expressionamong CD4" T cells with I-A®:2WIS specificity from
Foxp3-DTR CD45.1*" donor CD4" T cells after adoptive transfer into
Foxp3wild-type CD45.2* Epor* or Epor™*** recipient mice, which were
then treated with diphtheria toxin to eliminate natural T, cells (or not).
Although there were similar percentages of FOXP3" T ., cells between
Foxp3-DTRCD45.1" transferred CD4" T cells and Foxp3wild-type CD45.2*
endogenous CD4" T cells in Epor®*™ or Epor™ recipients without
diphtheria toxin treatment, we observed fewer FOXP3" T, cells in
both populations in Epor** recipients than in Epor™/ recipients
(Extended DataFig. 4j). In diphtheria toxin-treated Epor™™/* recipients,
Foxp3-DTR CD45.1'CD4" T cells differentiated into T, cells at lower
levels than endogenous Foxp3wild-type CD45.2°CD4" T cells (Extended
Data Fig. 4j). Of note, in diphtheria toxin-treated Epor** recipients,
T, cell differentiation in transferred cells was reduced by more than
50%relative to the already diminished FOXP3 expression seeninboth
endogenous Foxp3 wild-type CD45.2* CD4" T cells and transferred
Foxp3-DTR CD45.1'CD4" T cells from untreated Epor**“ recipients,
when compared with Epor™* controls (Extended Data Fig. 4j). These
findings demonstrate the necessity of cDC1-specific EPOR expression
for T,., cellinduction as well as expansion of pre-existing T, cells.

EPOR promotes tolerogenic maturation of cDCls

As splenic cDCls undergo efferocytosis-induced tolerogenic matura-
tionin the homeostatic state’, we hypothesized that EPOR signalling
promotes this programme following TLI/ATS. To address this pos-
sibility, we used the 10x Genomics platform to perform single-cell
RNA-seq (scRNA-seq) on splenic cDCls from Epor™°x and Epor®*
mice under untreated versus TLI/ATS conditions (Fig. 3a-d,f-h). Sam-
ples were processed in parallel with cell hashing, yielding a dataset of
30,938 cells. Aligning with previous reports’, in both untreated and
TLI/ATS mice, unsupervised clustering and differentially expressed
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Fig.2|Absence of EPOR on cDCls abrogates T, cell-mediated allo-
antigen-specific tolerance following TLI/ATS, resulting in allograft
rejection. a, Schematic of TLI/ATS treatment, allo-bone marrow infusion and
heart transplantation in Epor™”*and Epor**" mice. b, Donor type (H2K%)
leukocytes (B220*, TCRB*, Ly6G*,CD64") in peripheral blood 28 days post-bone
marrow infusion. Epor™/* (n =10) versus Epor**? (n =10). ¢, Heart allograft
survival in Epor™* (n =10) versus Epor***" mice (n = 8).d,e, Foxp3-DTR mice
conditioned with TLI/ATS; group Areceived diphtheria toxin (DT) fromday 1
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was assessed on theindicated days.i.p., intraperitoneal;i.v., intravenous.

e, Summary of bone marrow chimerism on the indicated days post-bone
marrow infusion. f, Epor-tdT" or Epor-tdT cDCls cocultured with CTV-labelled
naive OT-Il cellsand EPO or phosphate-buffered saline (PBS) for 5days. FOXP3
expression on OT-1l cells was assessed by flow cytometry (Epor-tdT' cDCls:
+PBS, n=35;+EPO, n=6; Epor-tdT cDCls:+PBS,n=4;+EPO,n=6).g, C57BL/6

gene (DEG) analysis identified pre-cDCls along with proliferating,
early-immature, late-immature, early-mature and Ccr7+ late-mature
¢DCls (Fig. 3a) that are tolerogenic in the homeostatic state'’. Distinct
gene expression signatures were linked with TLI/ATS (for example,
Txnl1, Xcr1 and AtpSk) and Xcr1“*-driven® Epor conditional deletion
(forexample, heat-shock protein genes), shared across multiple cDC1
subtypes (Fig. 3a-c and Extended Data Fig. 5a,b). Notably, TLI/ATS
treatment increased early and Ccr7+ late-mature cDCls (Fig. 3b, box)
and upregulated efferocytosis-related genes (for example, /tgae’ and
Lgals3%®), mirroring bulk RNA-seq analysis (Fig. 1e), while reducing
Apol7c* expression (Fig. 3¢), indicating enhanced tolerogenic matu-
ration with reduced cross-presentation capacity of cDCls in Epor™¥/ox
mice. By contrast, Epor** mice displayed attenuated shifts: Ccr7+
late-mature cells decreased 1.5-fold versusal.5-fold increase in Eporx
controls, and early-mature cellsincreased only 1.9-fold versus 3.4-fold
(Fig.3d). Flow cytometry showed aslightly lower baseline proportion
of splenic ¢cDCls in untreated Epor®*? mice compared with Epor™/x
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Batf3” or Epor**"recipients treated with TLI/ATS and infused with BALB/c
bone marrow. Frequencies of recipient H-2K**TCRB*CD4" and FOXP3*CD4"
Tcellsanalysed on day O (untreated: wild type, n=5; Batf3"", n=>5; Epor**",
n=>5; TLI/ATS: wild type, n=6; Batf3™",n=5; Epor**", n = 5) or 14 days post-bone
marrow infusion (untreated: wild type, n=5; Batf3™", n=5; Epor**", n = 5; TLI/ATS:
wildtype, n=5;Batf3”, n=>5; Epor**, n=5).h, Epor""* and Epor**™ recipients
were treated with TLI/ATS or untreated. Fourteen days post-2W1S-BALB/c
donorbone marrow infusion, 2W1S tetramer*CD44'H-2K**TCRB*CD4" T cells
from the spleens were analysed for FOXP3 expression (Epor®/*, n = 7; Epor**”,
n=7).Dataare pooled fromtwo independent experiments (b) or shown from
one experiment, representative of atleast twoindependent experiments with
similar results (c,e-h). Statistical analysis was performed using unpaired two-
tailed Student’s t-test (b,h), two-way ANOVA with Tukey’s multiple-comparison
test (e-g) or Kaplan-Meier survival analysis with Mantel-Cox test (c). b,e-h,
Dataaremean +s.e.m.Diagramsina,d,g,h createdin BioRender. Zhang, X. (2025)
https://BioRender.com/dSyzicr.

controls (Fig. 3e and Extended Data Fig. 5¢). Following TLI/ATS, in
Epor**™ mice, cDC1 expansion was reduced (2.6-fold versus 1.7-fold)
and absolute cDC1 numbers were only one-third of those in Epor™/x
controls (Fig. 3e and Extended Data Fig. 5¢). Epor deletion also down-
regulated expression of tolerance-associated genes (Cd83%°, Rel and
Dnasell3%; Fig. 3f), highlighting the essential role of EPOR in ¢cDC1
expansion and tolerogenic maturation after TLI/ATS.

To compare the transcriptional profiles of EPOR*and EPOR™ cDCls,
we performed scRNA-seqonsorted Epor-tdT*and Epor-tdT cDCls from
TLI/ATS-treated Epor-tdT-Cre* mice, yielding 24,761 cells (Extended
Data Fig. 5d-h). These data revealed that EPOR" cDCls spanned the
continuum of tolerogenic maturation (Extended Data Fig. 5d,e) and
thus did not constitute a specific subpopulation of cDCls. Further,
DEG analysis revealed unique sets of genes associated with Epor-tdT*
or Epor-tdT ¢DCls (Extended Data Fig. 5f). Notably, Epor-tdT cDCls
exhibited increased expression of genes associated with Epor™*” mice
following TLI/ATS, whereas Epor-tdT* cDCls expressed increased levels
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Fig.3|scRNA-seqanalysisreveals that TLI/ATS promotes EPOR-dependent,
efferocytosis-triggered tolerogenic maturation of splenic cDCls.

a, Uniform manifold approximation and projection (UMAP) of splenic cDCls
coloured by subtype with dot plot of marker gene expression. Imm., immature;
mat., mature; prolif., proliferating. b, cDC1subtype proportionsinuntreated
versus TLI/ATS-treated Epor™/**; box highlights increase in mature cDCls
after TLI/ATS. c, UMAP by sample identity with violin plots of Itgae, Lgals3 and
Apol7c expression. d, Change of cDC1subtypes post-TLI/ATS in Epor™* and
Epor***mice; box shows EPOR-dependent differences in mature cDCls.

FC, fold change. e, Flow cytometry showing percentage of cDClsin splenic
lineage-negative (Lin") SiglecH PDCA-1"CD11c"MHCII" cDCs (EpoF™/x:
untreated, n=5; TLI/ATS, n = 6; Epor**™: untreated, n = 5; TLI/ATS, n = 6).

f, UMAP with violin plots of Cd83, Rel and Dnasell3 expressionin cDC1s from
Epor™/°* and Epor**™ mice post-TLI/ATS. g,h, Bar charts of cDCl1subtype
proportions (g) and UMAP and violin plots of Dnasel1l3, Xcrl1 and Cd274
expression (h) in Epor™*and Epor***" mice at baseline (untreated). i, qPCR of

of genes associated with Epor™°* mice conditioned with TLI/ATS
(Extended DataFig. 5g). Similarly, Epor-tdT* cDCls were proportionally
biased towards more mature cDC1subtypes (immature, early-mature
and Ccr7+ late-mature), whereas EPOR™ cDC1 proportions correlated
with more immature states (Extended Data Fig. 5h). Complementing
these results, we observed that in untreated Epor®“® mice, there was

selected genesin CCR7*XCRI'SIRPa™ cDCls from Epor™* (n = 5 per condition)
and Epor** (n=5per condition) untreated or TLI/ATS mice.j, ltgh8**" versus
controlrecipients untreated or treated with TLI/ATS and infused with BALB/c
bone marrow. Frequencies of recipient H-2K* TCRB*CD4" and FOXP3" T, cells
inCD4" T cells were analysed on day O (untreated: control, n = 5; Itgh8**", n = 5;
TLI/ATS: control, n =5; Itgh8**"", n = 5) or 14 days post-bone marrow infusion
(untreated: control, n = 5; Itgh8**", n = 5; TLI/ATS: control, n = 5; Itgh8**",
n=5).k,1,/tgh8**" (n=8) and control (n=5) recipients were infused with 2W1S-
BALB/cbone marrow. Donor type leukocyte percentages (k) and the frequency
and absolute number of FOXP3"2W1S tetramer'CD44°CD4" T, cellsinspleens (I)
were analysed 14 days later. Data are representative of two (e,i) or one (j-I)
independent experiments. Statistical analysis was performed using unpaired
two-tailed Student’s t-test (i,k,I), two-way ANOVA followed by Tukey’s multiple-
comparisontest (e,j), propeller test, two-sided, no multiple-comparison
correction (b,g), or Wilcoxonrank sumtest, two-sided, with Bonferroni
correction (c,f h).e,i,g k,I, Dataare mean +s.e.m.

areductionin the proportion of Ccr7+ late-mature cDCls accompa-
niedby anincrease inimmature cDCls (Fig. 3g). Epor deletion reduced
Dnasell3% and Xcrl expression levels across all splenic cDCls (Fig. 3h,
top), and decreased expression of the coinhibitory receptor Cd274in
both early and Ccr7+late-mature cDCls (Fig. 3h, bottom). Collectively,
these results illustrate that EPOR" ¢cDC1s do not represent a unique
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cDClsubtype and instead reflect aunique transcriptional programme
associated with cDC1 tolerogenic maturation.

cDCl1 expression of integrin B8 is critical for
TLI-induced tolerance

CCR7" late-mature cDCls showed higher expression of T, cell-
inducing and -maintaining genes—Itgh8%, Scube3, Tgfbl, Ccl22 and
Aldhla2*—compared with CCR7 c¢DC1s™". qPCR confirmed that these
genes were significantly upregulated in CCR7* cDCls after TLI/ATS in
an EPOR-dependent manner (Fig. 3i), and their expression levels in
CCR7' cDClsinthe homeostatic state were also reduced in the absence
of EPOR (Fig. 3i). Ex vivo coculture of CCR7* ¢DCls obtained after
intravenousinjection of apoptotic Act-mOVA thymocytes confirmed
theinvolvement of TGFf in the enhanced capacity of EPOR-expressing
CCR7" ¢cDCls to induce antigen-specific FOXP3* T, cells (Extended
Data Fig. 5i). Integrin avB8 contributes to peripheral T, cell differ-
entiation due to its ability to activate latent TGFB'. To test whether
EPOR’ cDCl-mediated induction of allo-bone marrow-specific T, cells
depends onintegrin 38, we generated /tgh8** mice and infused them
or littermate controls with allo-bone marrow. Fourteen days after
allo-bone marrow infusion, T, cell frequencies increased in control
mice but markedly decreased in Itgh8**™ mice (Fig. 3j and Extended
Data Fig. 5j-m), similar to our observations in Epor**” mice (Fig. 2g
and Extended Data Fig. 4b-e). Moreover, ltgh8**" recipients exhibited
impaired bone marrow chimerism (Fig. 3k), albeit to a lesser extent
than Epor**” mice (Fig. 2b), and showed a lower proportion and cell
number of FOXP3' T, cellsamong CD44 2WI1S tetramer"CD4" T cells
(Fig. 31). Aldh1a2 encodes retinaldehyde dehydrogenase 2%, which
catalyses the production of retinoic acid to support T, cell induc-
tion®2. We next generated mixed bone marrow chimeras by recon-
stituting CD45.1* mice with a 1:1 ratio of Aldhl1a2*®":Batf3” bone
marrow cells, in which only cDCl1s were deficient in Aldhla2 expres-
sion, or with 1:1 ratio of Aldh1a2™"**:Batf3”~ mixed bone marrow
cells as controls. Unlike Epor**™ and Itgh8** mice, there was no dif-
ference in either bone marrow chimerism or 2W1S-specific FOXP3*
T, cells between these mice (Extended Data Fig. 5n,0). These findings
verify the critical role of EPOR in facilitating efferocytosis-triggered
tolerogenic maturation of cDCls towards late-mature stage CCR7"
¢DCl1s and demonstrate that integrin 8, but not Aldhla2, is a criti-
cal tolerogenic downstream mediator under EPOR control in TLI/
ATS-induced tolerance.

cDC1 expression of EPOR limits CD8" and CD4" T cell
priming

cDCls specialize in cross-presenting exogenous cell-associated anti-
gens to CD8' T cells? and are also required for CD4" T cell priming®.
Although Epor**™ mice had a slightly lower percentage of cDCls
than Epor™°* controls (Fig. 3e), their cDCls expressed significantly
higher levels of CD40, CD80, MHCI, DEC205 and the antiapoptotic
CD40-dependent protein Bcl-XL%*, while showing reduced expres-
sion of PD-L1(Extended Data Fig. 6a). By contrast, cDC2s displayed no
differences in the expression of these markers between Epor**” and
Epor™°* mice (Extended Data Fig. 6b,c). Flow cytometry confirmed
the scRNA-seq finding of reduced CCR7* late-mature cDCls in Epor®*!
mice (Fig. 3g and Extended Data Fig. 6d). Notably, whereas CCR7" cDCls
normally express higher CD40, CD80 and PD-L1than CCR7 cDCls, both
subsets in Epor**™ mice displayed increased CD40 and CD80 expression
but reduced PD-L1 compared with Epor™%* controls (Extended Data
Fig. 6e), consistent with the scRNA-seq results (Fig. 3h). Whereas the fre-
quencies of splenic conventional CD4*and CD8' T cells were unchanged
(Extended DataFig. 7a,d), Epor*“" mice had reduced FOXP3"CD25" T,,,
cells (Extended Data Fig. 7b) and increased CD44"CD62L"" effector
CD4"and CD8" T cells (Extended Data Fig. 7c,e).

6 | Nature | www.nature.com

Next, to examine the effect of cDC1-specific EPOR deficiency on
cross-priming and priming of cell-associated antigensin vivo, we trans-
ferred CTV-labelled naive OT-lor OT-II T cells into Epor** or Epor™®/x
mice immunized with apoptotic Act-mOVA thymocytes. Notably,
Epor**“mice showed enhanced priming of both antigen-specific CD8*
(Extended DataFig. 6f) and CD4' T cells (Extended Data Fig. 6g). Aligning
withaprevious report?, OT-ll priming and proliferation required cDCls
(Extended Data Fig. 7f), and exogenous EPO enhanced FOXP3 expres-
sionin OT-Il cellsina manner dependent on EPOR expressionin cDCls
(Extended DataFig. 7g). Together, these findings show thateven at low
homeostaticEPOlevels, cDCI1-EPORIimitsboth CD8' T cell cross-priming
and CD4'T cell priming in response to cell-associated antigens.

T,.; cellinduction by PLN cDClsis promoted by EPO

cDCls are widely distributed in peripheral tissues and lymph nodes
where they comprise both lymph node-resident and migratory sub-
sets*®%, In peripheral tissues, cDCls act as sentinels of the immune
system, continuously migrating to the draining lymph nodes (DLNs)
toinitiate T cell adaptive immunity via afferent lymphatics after anti-
gen uptake and CCR7 upregulation®*¢, To assess steady-state EPOR
expression in lymph node cDCls, we examined peripheral lymph
nodes (PLNs) and mesenteric lymph nodes (MLNs) from Zbtb46°**
Epor ™™ dual-reporter mice by defining cDCs as Zbtb46-GFP*CD11c*
(Fig.4a,b). About 7% of PLN cDCs expressed EPOR, nearly all of which
were XCR1'CD11c™MHCII™ (that is, migratory), whereas such cells were
almost absent in MLNs (Fig. 4a,b). EPOR expression was much higher
oncDClsthan cDC2s, indicating preferential expression on migratory
cDClsinPLNs (Fig. 4a-c).

CCR7isrequired for the migration of cDCls to the DLNs, where they
induce antigen-specific CD4"FOXP3" T, cells in the steady state*’.
EPOR' migratory cDCls, while prominent in the PLNs of Epor”* mice
(Fig.4d), wererareinthe PLNs of Ccr7” Epor®™* and Batf3" Epor ™™ mice
(Extended DataFig. 8a,b), indicating that CCR7 and Batf3 are required
for the presence of EPOR* migratory cDCls. Prominent EPOR expres-
sion in migratory cDCls was consistently observed across all PLNs
examined, independent of their drainage site (Extended Data Fig. 8c).
Thus, although migratory cDC1s may retain tissue-specific imprints®®¢°,
Epor-tdT expressionin PLN migratory cDCls remains conserved under
homeostatic conditions and is not affected by PLN environment or
location. Indeed, Epor-tdT expression was detected in migratory cDCls
fromdiversetissues examined, includingbrain, skin and lung (Extended
Data Fig. 8d), indicating that cDCls acquire EPOR expression prior to
migration to DLNs. Thus, EPOR*cDCls observed in PLNs are attributed
to the migration of peripheral EPOR" ¢cDCls to the DLNs.

Migratory Epor-tdT* cDCls in PLNs expressed higher levels of inhibi-
tory molecules PD-L1, AXL, TIM-3""and CD131 (Extended Data Fig. Se),
suggestive of their tolerogenic potential. We compared their ability
to induce antigen-specific T, cells using apoptotic Act-mOVA thy-
mocytes or DEC205-OVAS, which specifically targets cDCls. Although
Epor-tdT*migratory cDCls were superior to Epor-tdT cDCls atinducing
antigen-specific T, cells against both sources of antigen (Extended
DataFig. 9a,b), they were moreefficientatinducing antigen-specific T,
cells to cell-associated antigens (Extended DataFig. 9b). T, cellinduc-
tion by Epor-tdT cDCls was enhanced in the presence of exogenous
EPO, which is consistent with efferocytosis-induced EPOR upregula-
tion (Extended Data Fig. 9b,c). Exogenous EPO administration also
increased the antigen-specific T, cellinduction capacity of PLN migra-
tory cDCls, and this effect disappeared when the migratory PLN cDCls
were replaced by Epor®*® PLN migratory cDCls (Extended Data Fig. 9d).

To determine whether ¢cDC1 EPOR is required for migratory
cDCl-mediated FOXP3' T, cellinduction, we injected apoptotic cells
into the mammary fat pad and tracked local EPOR" cDCls. More than
70% of XCR1'ZBTB46°CD11c" cDCls in the mammary fat pad expressed
EPOR and CD103 (Fig. 4e). In response to injection of PKH67-labelled
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Fig.4|EPO-activated cDC1EPOR supports antigen-specific FOXP3'T,, cell
inductionin PLN and restrains theimmunogenic maturation of CCR7*
cDCl1s. a,b, Epor-tdT expression on cDCs in PLNs (n=5) and MLNs (n = 5) of Zbtb
46°""*Epor®™ mice (a) and quantification (b). ¢, Epor-tdT* cells were identified
inmigratory XCR1' cDCl1s or XCR1 cDC2s (top) and in migratory versus resident
cDCs (bottom) in PLN Zbtb46-GFP'CD11c' cDCs (n=5).d,e, Epor-tdT expression
in PLNs (d) and mammary fat pad cDCls (e) of Epor®™* mice (n = 8).f, Efferocytosis
of PKH67-labelled CD45.1"apoptotic thymocytes by migratory or resident cDCs
inthe dLN of CD45.2'Epor®™ 4" mice (n=7) 12 hafter injection of the apoptotic
cellsinto the thirdmammary fat pad. g, Effect of EPO on CD45.1" OT-II T, cell
induction after Act-mOVA thymocyteinjectioninto the third mammary fat pad
(Epor®fox; +PBS, n = 5; +EPO, n = 5; Epor**™™: +PBS, n = 5;+EPO, n=5).LN, lymph
node. h,i, Frequency and absolute number (h) and XCR1 MFI (i) of migratory
cDCls per PLN (Epor™/"%, n =15; Epor**™, n =15).j,k, scRNA-seq of PLN
migratory cDCl1s from Epor™/* and Epor** mice. Heat map of DEGs (j) and

CD45.1" apoptotic cells, migratory cDCs in the draining inguinal lymph
node showed a stronger PKH67 signal than resident cDCs and all PKH67*
migratory cDCs were EPOR" (Fig. 4f). cDC1s engulfed more apoptotic

UMAP coloured by cluster identity (k, top left) and gene expression (k).

k, Bottomright, violin plots represent module score of CD4" T helperlicensing
gene signature” (259 genes) in migratory cDCls from Eporf™/*(n = 6,890
cells) and Epor**™ (n =7,225 cells) PLNs. The boxes inside the violin plots show
themedian (centreline) and the interquartile range (25% to 75%, box limits).

1, MFl of indicated molecules on PLN migratory cDC1s from Epor®* (n = 6)
and Epor*** mice (n = 6). m, Heat map of top shared DEGs in PLN migratory and
splenic CCR7* cDCls from bulk RNA-seq (Epo™/*versus Epor’**"). Data are
shown for one experiment, representative of at least three independent
experiments with similar results (a-h,I). Statistical analysis was performed by
using unpaired two-tailed Student’s t-test (b,c,e,f h,i,l), two-way ANOVA with
Tukey’s multiple-comparison test (g) or uncorrected Wilcoxon rank sumtest,
one-sided (k). b,c,e,f,h,i,l, Dataare mean +s.e.m.Diagramsina,c,d-gwere
created in BioRender. Zhang, X. (2025) https://BioRender.com/s5qonkl.

cellsthan cDC2s, asevidenced by higher PKH67* frequencies and signal
intensity (Extended DataFig. 9e). Furthermore, theinduction of OT-II
FOXP3' T, cells in Epor™* control mice injected with Act-mOVA

Nature | www.nature.com | 7


https://BioRender.com/s5qonkl

Article

apoptotic cells was further enhanced by exogenous EPO, whereas both
effects were abrogated in Epor®*“ mice (Fig. 4g).

To validate the role of cDC1 EPOR in inducing FOXP3' T, cells to
endogenous cell-associated antigens, CD45.1'CD45.2" Act-mOVA
mice were reconstituted with bone marrow from either Epor™/~ or
Epor**™ donors (Extended DataFig. 9f). In this model, membrane-bound
OVA is expressed ubiquitously®, and MHC class II-mediated antigen
presentation depends entirely on donor haematopoietic-derived
antigen-presenting cells (APCs). Naive OT-ll cells were adoptively trans-
ferred (day O) into the chimeric mice,and EPO was administered on days
-2to2.Prominent expression of FOXP3 was observed in OT-Il cells on day
9ininguinal lymph nodes from Epor™/°* bone marrow-reconstituted
Act-mOVA mice, whereas this induction was markedly impaired in
mice reconstituted with Epor**”bone marrow (Extended Data Fig. 9f).
These results confirm the importance of EPO-activated cDC1 EPOR
in mediating peripheral T, cell induction to endogenously derived
cell-associated antigens upon systemic EPO administration.

Loss of EPOR results inimmunogenic CCR7* cDCls

Consistent with the reduced frequency and XCR1expression of splenic
CCR7'cDClsin Epor**“mice (Fig. 3e,g and Extended Data Fig. 6d), these
mice also had fewer migratory cDCls (Fig. 4h) with lower XCR1 expres-
sion (Fig. 4i) in PLNs. Thus, EPOR similarly regulates the homeostatic
maturation of migratory cDCls. scRNA-seq of FACS-sorted PLN migra-
tory cDCls from Epor** and Epor™°* mice revealed four shared clus-
ters (Fig. 4j,k). Cluster I, which was enriched for antigen-presenting
genes (H2-Ab1, Rab43* and Cd747®) and Il12b, was overrepresented in
Epor”*™ mice (Fig. 4j,k). However, clusters Il and 111, characterized by
high ltgb8 expression, were significantly under-represented in Epor**™
samples (Fig. 4j,k), a change potentially compounded by the overall
decreased frequency of migratory cDCls in Epor*™ mice (Fig. 4h).
Consistent with these findings, the proportion of cluster Il enriched in
immunoregulatory genes such as Mt1, Mt2, Clu and Mfge8™ was reduced.
Conversely, EPOR-deficient PLN cDCls displayed greater enrichment of
the ‘CD4" T helper licensing’ signature” (259 genes) (Fig. 4k and Sup-
plementary Table 1), indicating that EPOR loss itself can mimic CD4*
T helper cell-induced transcriptional programming”. As revealed by
flow cytometry, CD40 and CD86 were upregulated in Epor** ¢DCls,
whereas PD-L1remained unchanged (Fig.4l), which differs fromsplenic
CCR7" ¢DCls (Fig. 3hand Extended Data Fig. 6e). Further bulk RNA-seq
confirmedthat EPOR regulates shared gene programmesin PLN migra-
tory andsplenic CCR7' ¢cDCls, upregulating 319 and downregulating 358
genes (Supplementary Table 2). EPOR supported the expression of key
immune-regulatory genes such as Apoe’ and Tnfaip3 (encoding A20 pro-
tein”),and theloss of EPOR led to increased expression of genesinvolved
in MHCII-mediated antigen presentation (H2-Ab1, Cd74invariant chain”
and Ciita’™®), cross-presentation (Wdfy4”° and Rab43™%), cytotoxic T cell
responses (/[15ra®), costimulation (Cd86) and immunogenic maturation
(11b), as well as toll-like receptor and type l interferon signalling (71r9,
Myd88, Irf7 and Ifi205) and Tnfrsfla (encoding TNFR1) (Fig. 4m). These
resultsindicate thatloss of EPOR enables the immunogenic maturational
programming of CCR7' cDCls at both anatomical sites. Accordingly,
similar to the T cellimmune profile in the spleen, FOXP3*CD25" T, cells
werereduced, and CD44"CD62L"" effector CD4* and CDS* T cells were
increased in PLNs (Extended Data Fig.10a-e).

Loss of EPOR on cDCl1s promotes anti-tumourimmunity

Interactions between cDCl1s and T cells are critical throughout the
cancer-immunity cycle?, both in TDLNs?**° for priming naive T cells
and also in the TME?*, where cDCls have a unique role in determining
tumour antigen-specific CD8" T cell fate by recruiting T cells, secret-
ing cytokines and presenting tumour antigens to enhance cytotoxic
T cell effector function®. ¢cDCls serve as an autonomous platform
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for both CD4" and CD8" T cell priming, directly orchestrating their
crosstalk—thatis, cDC1 licensing’ in the TME for optimal anti-tumour
immunity'**”, Given that EPOR signalling in cDC1s promotes FOXP3*
T, cellinductionand suppresses CD8" T cell cross-priming, we inves-
tigated the effect of cDC1EPOR on anti-tumour immunity.

Toexamine EPORexpressionontumour-infiltratingcDCls, weused Zbt
b46°"*Epor™ mice, definingtumour cDCs as CD45* Zbtb46-GFP*CD11c*
(Extended DataFig.11a-d). Epor-tdT'XCR1°CD103* cDCls were detected
in multiple tumour models (Extended Data Fig. 11a-d). EPOR was
preferentially expressed by CCR7'Zbtb46-GFP*XCR1'CD103" cDCls
rather than CCR7™ ¢DCs (Fig. 5a and Extended Data Fig. 11e). Of note,
CCR7'Epor-tdT* ¢DCls displayed a maturation-associated regulatory
phenotype based on their significantly higher levels of CD40, CD80,
CD86, MHCI and PD-L1than other ¢cDC populations (Extended Data
Fig.11f), indicating that they might have undergone tolerogenic matura-
tion>”°. In TDLNSs, Epor-tdT was similarly restricted to migratory cDCls
(Extended DataFig.11g). Serum EPO positively correlated with tumour
growth (Extended DataFig.11h), probably reflecting its effect on EPOR"
cDClstofacilitate uptake and processing of apoptotic tumour cells. Uti-
lizing ZsGreen-labelled BI6F10-OVA” tumours (Extended Data Fig. 11i),
we found that in both TDLN migratory cDCls (Extended Data Fig. 11j)
and tumour-infiltrating cDC1s (Extended Data Fig. 11k), ZsGreen" cDCls
were also Epor-tdT' (Extended Data Fig. 11j,k), indicating that EPOR*
cDCl1s engulf tumour debris, which could facilitate presentation of
tumour antigens to promote tumour-specific tolerance. Supporting
this hypothesis, we observed reduced growth of MC38-OVA“™ and
B16F10-OVA” in Epor®*’ mice compared to Epor™/* controls (Fig. 5b
and Extended Data Fig.12a,b).

Tumour-specific CD8" T cell activation takes place in two phases:
initial activationin TDLNs to generate TCF1'PD-1'SLAMF6' T, cellsand
subsequent acquisition of effector programmes by CD8" T cells within
the tumours®?#, ¢cDC1s maintain a reservoir of tumour antigen-specific
T,ex cells in TDLNs*, and intratumoural cDC1-CD8" T cell clusters®,
which constitute niches for TCF1" T, cell stimulation and have a critical
role in promoting tumour antigen-specific CD8" T cell expansion and
effector function”. Moreover, the therapeutic response to anti-PD-1is
proportional to the abundance of T,,**** and APC niches in tumours®,
and the functionality of TDLNs® is critical. Therefore, we reasoned
that, inaddition toinducing FOXP3* T, cells, EPOR signallingin cDCls
may suppress anti-tumour immunity by limiting T, cellgenerationin
TDLNs and effector CD8'T cell function at tumour sites.

InTDLNSs, tumour antigen-specific CD8" T cell priming was enhanced
in Epor**™ mice, as indicated by greater proliferation of transferred
naive OT-I cells with a T, phenotype—that is, high SLAMF6 and low
TIM-3 expression (Fig. 5¢). Loss of EPOR increased CD40 that is crucial
for cDCl licensing®**%8 on tumour antigen-carrying migratory cDClsin
TDLNsand CD80/CD86 on tumour cDCls (Extended DataFig.12c-e).
Accordingly, Epor**™ mice had more CD45" tumour-infiltrating lym-
phocytes (TILs), a higher percentage of CD8" T cells, and expanded
SIINFEKL-H-2Kb*CD8" T cells (Fig. 5d,e and Extended Data Fig. 12f,g).
Exhausted PD-1'TIM-3"CD8" T cells decreased (Fig. 5f and Extended
DataFig.12h), whereas TCF1'TIM-3" T, cells (Fig. 5g and Extended Data
Fig.12i) and the expression of effector molecules (perforin, GZMB, IFNy
and TNF) increased (Fig. 5h and Extended Data Fig. 12j). Conventional
CD4"* tumour-infiltrating T cells increased, whereas FOXP3* T, cells
and T-bet” CXCR3" T, cells® ' decreased (Fig. 5d,i,j and Extended
Data Fig. 12f,k,1). Loss of EPOR also enhanced anti-PD-1 efficacy in
B16F10-OVA tumours (Fig. 5k). Thus, removal of EPOR signalling in
cDCls promotes anti-tumour T cellimmunity, restrains tumour growth
and enhances the efficacy of immune checkpoint blockade.

Discussion

Our findings reveal that EPO-EPORssignalling in cDCls servesasacon-
served mechanism that promotes cDC1 tolerogenic maturation®’ and
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Fig.5| EPOR expressionon cDCls hinders antigen-specific anti-tumour

T cellimmunity and the loss of EPOR in cDC1s leads to tumour reduction.
a, B16F10-OVA tumour cells wereimplanted subcutaneously into the flanks of
Zbtb46°™"* Epor®™* mice, and ten days later, Epor-tdT expression on tumour-
infiltrating cDC subsets (CCR7* versus CCR7” populations) was determined.
b, MC38-OVA“™ tumour size and mass on day 14 following implantation.
Epor’ex (n = 8) versus Epor** (n=7). ¢, CTV-labelled naive CD45.1* OT-I cells
were transferred intravenously four days after BI6F10-OVA implantation.
TDLNs were analysed six days later for OT-I proliferation. Representative flow
plotsare shown for each marker expressed on OT-1cells versus CTV dilution.
Proliferating CD44*CTV'"*OT-I cells were quantified. Epor®/°*: n = 5; Epor**’:
n=7.d-j, BI6F10-OVA tumours were implanted in Epor™/°* (n = 6) or Epor**°!
(n=6)mice.TILs wereanalysed onday12.d, Frequencies of CD45' TILs, CD8*
and CD4" T cells. e, OVA s, 5¢,-dextramer” CD8" T cells. f,g, Representative flow

regulates cell-associated antigen-specific T cell tolerance, thus estab-
lishing a new paradigm for the tolerogenic function of cDCls. EPOR
signalling in macrophages promotes the clearance of dying cells and
fosters immune tolerance®, and EPO has been reported to suppress
splenic DC function by enhancing T, cell expansion®’. However, our
study highlights cDC1 EPOR-dependent tolerogenic maturation and
function in shaping both cell-associated antigen-specific CD4" and
CDS8'T cell adaptive immunity. Removal of EPOR on cDCls enhances
tumour antigen-specific CD8" T cell priming and profoundly affects the
anti-tumour CD8'T cellimmune responsesin both TDLNs and tumour

plots (left) and quantification (right) of CD8" T cells expressing TIM-3 and
PD-1(f) and TCF1'TIM-3"CD8" T cells (g). h, Representative histograms and
quantification of perforin, GZMB, IFNy and TNF expressionin CD8"T cells.

i, Frequencies and absolute cellnumbers of FOXP3" T, cellsin CD4" T cells
withrepresentative flow contour. j, Frequencies of T-bet"CXCR3" T, cellsin
CD4'FOXP3' T, cells with representative flow contour. k, BI6F10-OVA tumour
growthin Epor®*versus Epor**treated with anti-PD-1 (Epor™/*:n = 6;
Epor**: n = 6) or anlgG2aisotype control (Epor™/*: n = 6; Epor**™: n = 6).
a-k, Dataare shown forone experiment, representative of at least three
independentexperiments with similar results. Statistical analysis was
performed using unpaired two-tailed Student’s t-test (b-e,g-j), two-way
ANOVA followed by Tukey’s multiple-comparison test (f) or Siddk’s multiple-
comparison test (k). b-k, Dataare mean +s.e.m. Diagramsina,c were created
inBioRender. Zhang, X. (2025) https://BioRender.com/mjlhkoi.

sites by promoting T, cellgeneration in TDLNs and their maintenance
in TME, and effector CD8" T cell functionality. Especially notewor-
thy in mice lacking EPOR on cDCls is the reduction of T-bet" CXCR3*
T, cells that were shown recently to inhibit costimulatory mol-
ecule expression on cDC1s%%, thereby restraining cDCl-mediated
anti-tumour CD8" T cell immunity. Such bidirectional crosstalk
between EPOR" cDCls and T-bet"CXCR3* FOXP3" T, cells is likely to
representacritical mechanism by which cDC1EPOR signallingimpedes
anti-tumour CD8'T cellimmunity. Therefore, in patients with cancer,
blockade or removal of EPOR from cDCls, alone or in combination

Nature | www.nature.com | 9


https://BioRender.com/mj1hkoi

Article

with anti-PD-1, would be expected to diminish tumour growth and
spread.

Upon efferocytosis of tumour-associated antigens, cDCs upregulate
CCR7°%and become mature regulatory dendritic cells™®, acDC matura-
tional state that can be either tolerogenic orimmunogenic®***%, cDCls
undergo tolerogenic maturation following efferocytosis", a process
that is dependent on the expression of EPOR and markedly enhanced
by TLI/ATS. EPOR signalling promotes tolerogenic maturation of cDCls
towards a CCR7' late-mature stage”" with elevated expression of ItghS8,
acrucial downstream effector of EPOR in cDCl-induced tolerance. Our
findings highlight the conserved role of EPOR as a molecular switchin
facilitating the tolerogenic maturation while restraining the immu-
nogenic maturation of both PLN migratory and splenic CCR7* ¢DCls.
EPOR-deficient PLN migratory cDCls were enriched for the CD4* T
helper cell licensing gene signature”, indicating that EPOR regulates
cDCl1functional programming not only during maturationbutalsoin
thethree-cell CD4* T cell-cDC1-CD8" T cellinteraction®®, thereby regu-
lating cDCI1-mediated CD4" T helper cell licensing essential for effective
CD8'T cell responses®. Both the frequency of EPOR-expressing cDCls
and the intensity of EPOR expression on cDCls vary with their effero-
cytoticactivity as wellaswith EPO exposure. Accordingly, the activity
of these cells can be manipulated, providing a compelling rationale
for developing immunotherapies that target EPOR on cDCls, includ-
ing agonists to induce tolerance in transplantation or autoimmune
disease and antagonists to break tolerance and promote immunity to
infection and tumours.
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Methods

Mice

The following mice were obtained from The Jackson Laboratory: Adult
8-to-10-week-old male wild-type BALB/cJ (H-2K%) (Jackson, 000651)
and C57BL/6) (H-2K®) (Jackson, 000664), B6.129S(C)-Batf3tmlKmm/J
(Batf3”") (Jackson, 013755), B6.129P2(C)-Ccr7tmi1Rfor/J (Ccr7-)
(Jackson, 006621), Zbtb46 tml1.1IKmm/) (Zbtb46°*) (Jackson,
027618), B6N(12954)-Mafbtml.1 (cre) Kmm/J (MafB-mCherry-Cre)
(Jackson, 029664), C57BL/6-Tg (CAG-OVA) 916Jen/] (Act-mOVA)
(Jackson, 005145), C57BL/6-Tg(TcraTcrb)1100Mjb/J (OT-I) (Jackson,
003831), C57BL/6-Tg (TcraTcrb) 425Cbn/J (OT-II) (Jackson, 004194),
B6.129(Cg)-Foxp3tm3(HBEGF/GFP)Ayr/] (Foxp3-DTR) (Jackson,
016958), CByJ.SJL(B6)-Ptprca/) (CD45.1) (Jackson, 006584) and H2-Ab1"
(B6.129x1-H2-Ab1™¥°"/}) (Jackson, 013181). Foxp3°™°™ mice (ref. 97)
were cross bred with CD45.1 mice to generate CD45.1/CD45.1 Foxp3°/P™®
mice. OT-I or OT-Il mice were cross bred with CD45.1 to generate
CD45.1/CD45.10T-1or OT-Il mice. Epor™#* mice* (provided by H. Wu),
Epor-tdT-Cre mice were generated as previously described®. Xcr1e™ ™"
mice® (provided by B. Malissen), were generated withJM8.F6 ES cells and
were originally ona C57BL6/N background. They were then backcrossed
for more than eight generations onto C57BL6/) mice, resultingina pure
C57BL6/) backgroundbeforebreeding withflox/floxmice. Epor™/**mice
were generated onanSv129/C57BL/6 background and were backcrossed
onto the C57BL6/J strain for more than eight generations before crossed
with Xcr1¢™ 1 to generate cDCl1-specific Epor genetically deleted
(Epor®*™) mice. Sex-matched littermates of Epor** and Epor/ox/fox
mice were utilized for each experiment. Epor**” mice did not develop
anaemia, maintained normal levels of red blood cells (7-10 million per
microlitre), haematocrit (40-50%), haemoglobin (12-15 g dI™) and
reticulocytes (1-6%) in peripheral blood and displayed no differences
in these parameters in comparison with Epor™°* mice. ltgh8"*/fx
(ref.12), Itgh8*! (ref. 98), Aldhl1a2™°x and Aldh1a2*“"** (ref. 99),
2W1S,,_s-expressing BALB/c (H-2K%)* have been previously described.
Epor“T mice were bred with Zbtb46°"/° to generate dual-colour
reporter Zbtb46°"* Epor®™*. Epor“’”" mice were bred with Ccr7”" or
Batf3” mice to generate Ccr7 " Epor™* or Batf3™ Epor“™ mice. Bone
marrow cells from BALB/cJ (H-2K?) or 2W1S,,_.s-expressing BALB/c
(H-2K?) mice were used for determining bone marrow chimerism
following combined allogeneic heart and bone marrow transplanta-
tion. Newborn BALB/cJ (H-2K%) mice as allogeneic heart donors were
obtained from Charles River Laboratories. Unless otherwise specified,
experiments were performed with mice between 6 and 10 weeks of age.
No differences were observed between male and female mice in any
assays performed, and so mice of both sexes were used interchangeably
throughout the study. Withinindividual experiments, mice used were
age-and sex-matched littermates whenever possible. Mice were housed
in animal facilities accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC). All experimental
procedures were approved by the Institutional Animal Care and Use
Committee (IACUC) at Stanford University (protocols APLAC-28636
and APLAC-17466) and conducted in accordance with Stanford Uni-
versity’s animal care guidelines.

Bone marrow transplantation, rabbit ATS and TLI

Bone marrow collection and transplantation procedures were per-
formed as previously described*®. C57BL/6) background recipients
wereinjected intraperitoneally with 0.05 ml of rabbit anti-thymocyte
serum (ATS) (AIA3940T/20, Accurate Chemical and Scientific) in 0.5 ml
of saline on days 0, 2, 6, 8 and 10. Using a 250-Kv X-ray machine, TLI
was delivered to the lymph nodes above and below the diaphragm,
thymus and spleen with lead shielding of the skull, limbs, pelvis and
tail. Adose of 240 cGy was administered 5 times per week for 2 weeks.
Thelast dose of TLIwas administered to recipient mice 24 hbefore the
infusion of allo-bone marrow cells from BALB/c] or 2W1Ss,_.s-expressing

BALB/c (H-2K%*) mice. On the next day following the last dose of TLI/ATS,
30 x10° BALB/c donor bone marrow cells were injected intravenously to
deplete FOXP3' T, cellsinadoptively transferred CD45.1* Foxp3°™"™®
CD4* T cellsin Epor™/°* and Epor®*“™? mice prior to TLI/ATS treatment.
Recipient mice were adoptively transferred with 30 x 106 CD45.1/CD45.1
Foxp3°™P™R CD4* T cells that were purified by magnetic-activated cell
sorting (MACS) with CD4" T Cell Isolation Kit (130-104-454, Miltenyi
Biotec). Following the transfer, the mice were injected intraperitoneally
with purified diphtheria toxin (D0564, Sigma-Aldrich) at a dosage of
0.5 pg per day for 2 consecutive days or with PBS as control.

Bone marrow chimerism analysis, heart transplantation and
monitoring for graft survival

Analysis of chimerism in the blood was performed by flow cytometry
using multi-colour staining of total white blood cells or cell subsets with
anti-H-2KY monoclonal antibody as described?®. Anti-MHCI (2 K¢), anti-
Ly6G (granulocytes), anti-TCR (T cells), anti-CD64 (macrophages) and
anti-B220 (B cells) were used to identify immune cell types. Neonatal
BALB/cheartgrafts were transplanted intoa pouchinthe ear pinna of
C57BL/6, Epor™, Batf3”~and Epor**™ hosts at least 21 days after bone
marrow infusion, as described previously®. Grafted heart survival was
assessed by daily palpation, and rejection was determined by cessation
of heartbeat. Heart grafts that failed within 72 h were excluded from
the experimental groups as ‘technical failures’.

Bone marrow chimeras

Bone marrow chimeras were generated by retro-orbitally injecting
4 x10°total donor bone marrow cellsinto lethally irradiated 8-week-old
recipient mice (two doses of 5.5 Gy administered 6 h apart). Recipi-
ents were supplemented for 3 weeks with UNIPRIM Trimethoprim and
Sulfadiazine supplied by Stanford Veterinary Service Center (VSC).
Mice were allowed eight weeks for reconstitution before experimental
use. Successful reconstitution (minimum 90%) was assessed by flow
cytometry analysis of peripheral blood.

Flow cytometry

For surface staining, cells were preincubated with anti-Fc receptor anti-
body (BE0307, Bio X Cell) and stained with appropriate antibodies in PBS
containing5 mMEDTA and 2% fetal bovine serum (FBS) at4 °Cfor 25 min.
Viability was assessed by staining with 4’,6-diamidino-2-phenylindole
(D1306, Thermo Fisher Scientific) or Fixable LIVE/DEAD Blue (L23105,
Thermo Fisher Scientific) or Aqua (L34957, Thermo Fisher Scientific)
Cell Stain. For intracellular cytokine detection, cells were stimulated
for4-5hwithphorbol12-myristate 13-acetate (PMA) and ionomycinin
the presence of monensin, eBioscience Cell Stimulation Cocktail (plus
protein transport inhibitors) (00-4975-93, Thermo Fisher Scientific)
before staining according to the manufacturer’s instructions. For intra-
cellular cytokine staining, cells were stained with antibodies against
surface markers and then fixed with 2% (w/v) paraformaldehyde for
12 min at 25 °Cand permeabilized using eBioscience Permeabilization
Buffer (00-8333-56, Thermo Fisher Scientific). The fixed and permeabi-
lized cells were subsequently stained with anti-IFNy-BUV737 (XMG1.2,
612769, BD Biosciences, 1:100) or anti-TNF-BV605 (MP6-XT22,506329,
BioLegend, 1:100) antibody for 60 min at 4 °C. For intranuclear staining,
cells were stained with antibodies against specified surface markers,
and fixation-permeabilization was performed using the eBioscience
FOXP3/Transcription Factor Staining Buffer Set (00-5523-00, Thermo
Fisher Scientific) according to the manufacturer’s instructions. Flow
cytometry was performed on a LSRFortessa X-20 or FACSymphony
A5 Cell Analyzer (BD Biosciences) with BD FACSDiva (v.8), and data
were analysed with FlowJo (v.10.10.0, BD Biosciences). Doublets and
dead cells were excluded from analyses. Biotin-conjugated antibod-
ies were detected using streptavidin-conjugated Brilliant Violet 421
(405225, BioLegend, 1:400). For detection of phosphorylated proteins,
cells were stimulated and immediately fixed with Phosflow Lyse/Fix



buffer (558049, BD Biosciences), followed by permeabilization with
Phosflow Perm buffer Il (558050, BD Biosciences), and staining with
antibodies to phosphor-signalling molecules. Tumour antigen-specific
T cellswere determined by H-2K%/OVA,s;.,., PE dextramer (JD02163-PE,
1:100) staining following the manufacturer’s protocol (Immudex). Cell
counting was performed by using 123count eBeads Counting Beads
(01-1234-42, Invitrogen). The following anti-mouse antibodies (Target,
fluorophore, clone, catalogue number and manufacturer; all antibod-
ies were used at a1:200 dilution unless otherwise noted) were used:
CD11c-PE/Cy7 (N418, 117318, BioLegend), CD11c-BV711 (N418, 117349,
BioLegend), MHCII (I-A/I-E)-APC (M5/114.15.2,107614, BioLegend),
MHCII (I-A/1-E)-APC/Cy7 (M5/114.15.2, 107628, BioLegend), MHCII
(I-A/I-E)-BV510 (M5/114.15.2,107636, BioLegend), CD8«x-BV785 (53-
6.7,100750, BioLegend), CD8a-BV421 (53-6.7,100738, BioLegend),
CD8[-PE/Cy7 (YTS156.7.7,126616, BioLegend), XCR1-PerCP/Cy5.5 (ZET,
148208, BioLegend), XCR1-BV785 (ZET, 148225, BioLegend), CD172a
(SIRPa)-FITC (P84, 144006, BioLegend), CD172a (SIRP«x)-BUV395
(P84,740282, BD Biosciences), CD172a (SIRPa)-BV421 (P84, 740071,
BD Biosciences), CD172a (SIRPa)-BUV661 (P84, 741593, BD Biosciences),
CD103-BV421 (2E7,121422, BioLegend), B220/CD45R-FITC (RA3-6B2,
103206 BioLegend), B220/CD45R-APC (RA3-6B2,103212, BioLegend),
CD19-APC (6D5, 115512, BioLegend), CD19-FITC (1D3/CD19, 152404,
BioLegend), CD19-PE/Cy7 (6D5, 115520, BioLegend), SiglecH-BV605
(440c, 747673, BD Biosciences), SiglecH-APC (551,129612, BioLegend),
PDCA-1(CD317,BST2)-BV711(927,127039, BioLegend), PDCA-1(CD317,
BST2)-APC (927,127016, BioLegend), CD11b-FITC (M1/70,101206, Bio-
Legend), CD11b-BUV737 (M1/70, 741722, BD Biosciences), Ki67-BV605
(SolA15,406-5698-82, eBioscience), IRF8-PE (V3GYWCH, 12-9852-82,
eBioscience), TER119-APC (TER119, 116212, BioLegend), TER119-FITC
(TER119,116206, BioLegend), CD71-PerCP/Cy5.5 (R17217,113816, BioLe-
gend), TCRB-PE/Cy7 (H57-597,109222, BioLegend), TCR-BV421 (H57-
597,109229, BioLegend), TCRB-PE/Cy5 (H57-597,109210, BioLegend),
CD64-PE (X54-5/7.1,139304, BioLegend), CD64-BV711(X54-5/7.1,139311,
BioLegend), LY6G-PE/Cy7 (1A8,127618, BioLegend), Ly6C-BV421(AL-21,
562727, BD Biosciences), Ly6C-PerCP/Cy5.5 (HK1.4, 128012, BioLeg-
end), F4/80-BUV395(T45-2342,565614, BD Biosciences), F4/80-BV711
(T45-2342,565612, BD Biosciences), NK1.1-BV711 (PK136, 108745, Bio-
Legend), NK1.1-FITC (PK136, 108706, BioLegend), NK1.1-APC (PK136,
108710, BioLegend), CD49b-APC (DXS5, 108910, BioLegend), Siglec-F
(CD170)-APC (S17007L, 155508, BioLegend), H-2K9-PerCP-eFluor 710
(SF1-1.1.1,50-245-930, eBioscience), H-2K°-PE (AF6-88.5, 561072, BD Bio-
sciences), CD3e-PE/Cy7 (500A2,152314, BioLegend), CD3e-APC (500A2,
152306, BioLegend), CD4-BUV737 (RM4-5, 612844, BD Biosciences),
CD25-BUV395 (PC61,564022, BD Biosciences), CD44-APC-R700 (IM7,
565480, BD Biosciences), CD62L-BV711 (MEL-14,104445, BioLegend),
CD326 (EpCAM)-PE/Cy7 (G8.8, 118216, BioLegend), CD40-APC (3/23,
558695, BD Biosciences), CD80-BV421(16-10A1, 562611, BD Biosciences),
CD86-BV785(GL-1,105043, BioLegend), CD274 (PD-L1)-BV421 (10 F.9G2,
124315, BioLegend), CD205 (DEC205) (V18-949, 566376, BD Biosciences),
AxI-APC (MAXL8DS, 17-1084-82, eBioscience), CD131-BV421 (JOROS50,
740050, BD Biosciences), CCR7-Biotin (4B12,13-1971-82, eBioscience,
1:100), CD24-BV615 (30-F1, 752769, BD Biosciences), CD40-BV750
(3/23, 746970, BD Biosciences), CD80-BUV563 (16-10A1, 741272, BD
Biosciences), CD86-BV510 (PO3, 745059, BD Biosciences), MHCII
(I-A/I-E)-Alexa Fluor 700 (M5/114.15.2, 107622, BioLegend), CD274
(PD-L1)-BV605 (10 F.9G2, 124321, BioLegend), CXCR3 (CD183)-PE
(CXCR3-173,126506, BioLegend), CD45.1-BV785 (A20, 110732, BioLe-
gend), CD45.2-BV650 (104,109836, BioLegend), CD45-BV785 (30-F11,
103149, BioLegend), CD45-BUV395 (30-F11, 564279, BD Biosciences),
CD3-PE/Cy7 (17A2,100220, BioLegend), TCRva2-APC (B20.1,127810,
BioLegend), CD279 (PD-1)-BV711 (29 F.1A12,135231, BioLegend), Gran-
zyme B-FITC (GB11, 515403, BioLegend), TIM-3 (CD366)-BUV395 (5D12/
TIM-3, 747620, BD Biosciences), Ly108 (SLAMF6)-APC (eBio13G3-19D
(13G3-19D), 17-1508-82, eBioscience), FOXP3-FITC (FJK-16s, 11-5773-
82, eBioscience, 1:100), TCF1/TCF7 (C63D9, 2203S, Cell Signaling

Technology), AF488 Donkey anti-rabbit IgG (Poly4064, 406416, Bio-
Legend), T-bet-APC (eBio4B10 (4B10);17-5825-82, eBioscience, 1:100),
Bcl-xL-PE (54H6, 13835S, Cell Signaling Technology), Phospho-Sé6
Ribosomal Protein (Ser235/236)-PE (D57.2.2E, 5316S, Cell Signaling
Technology, 1:50), Phospho-Akt (Ser473)-PE (D9E, 5315S, Cell Signal-
ing Technology, 1:50), Phospho-4E-BP1 (Thr37/46)-PE (236B4, 7547S,
Cell Signaling Technology1:50), Phosph-p44/42 MAPK (Erk1/2)
(Thr202/Tyr204)-PE (197G2,14095S, Cell Signaling Technology, 1:50),
Phosph-Stat5 (pY694)-PE (47,562077, BD Biosciences, 1:50).

Mouse EPO ELISA

Blood serumwas collected at different time points, and serum EPO was
measured by enzyme-linked immunosorbent assay (ELISA) according
to the manufacturer’s instructions (Mouse EPO ELISA Kit, EM28RB,
Invitrogen).

Isolation and purification of XCR1'CD8«" cDCl1s and Epor-tdT*
and Epor-tdT ¢DCls

Spleens were minced and digested in 5 mlIscove’s modified Dulbecco’s
media+10%FCS (cIMDM) with 250 pg ml™ collagenase D (Worthington)
and 30 U ml™ DNase I (Sigma-Aldrich) for 30 min at 37 °C with stirring.
Cellswere passed througha100-pm strainer before red blood cells were
lysed with RBC lysis buffer (420302, BioLegend). A total of 5t010 x 10°
cellswas used per antibody staining reaction. For further XCR1*CD8«*
sorting, single spleen cell suspensions were negatively selected with
MACS columns with mouse Pan Dendritic Cell Isolation Kit (130-100-
875, Miltenyi Biotec). MACS-selected dendritic cells were further sorted
by FACS (BD, FACSArial), to obtain B220 SiglecH PDCA-1"CDI11c"
MHCII"XCR1*CD8a" ¢DCls purity>99%. Epor-tdT* and Epor-td
T XCRI1'CD8a" cDCls were prepared and sorted from Epor®“" mice
following TLI/ATS with similar methods.

RNA-seq analysis

Freshspleniclive cDCls were purified first fromsingle spleen cell suspen-
sions with negative selection by using mouse Pan Dendritic Cell Isolation
Kit (130-100-875, Miltenyi Biotec). MACS-selected dendritic cells were
further sorted by FACS (BD, FACSAriall), to obtain live/dead blueLin™
SiglecH PDCA-1"CD11c"MHCI"CD8«*CD11b™ cDCls (purity >98%).
FACS-purified cDCls from untreated or TLI/ATS-treated wild-type
C57BL/6) mice (8 to 10 weeks of age) were used for total RNA isolation
withRNeasy Plus MicroKit (74034, QIAGEN) and submitted for RNA-seq
analysis. RNA-seq was performed by the Stanford Functional Genom-
ics Facility. The RNA-seq read count matrix was generated through the
following steps: (1) Trimmomatic'® (v.0.36) was applied to trim the
76 bp paired-end sequencing reads to get rid of low-quality bases and/
oradaptor contaminations. (2) HISAT2'% (v.2.1.0; http://daehwankimlab.
github.io/hisat2/) was used to map the trimmed FASTQ reads to the Mus
musculus GRCm38 reference genome (the index files of genome_tran
were downloaded from https://cloud.biohpc.swmed.edu/index.php/s/
grcm38_tran/download). (3) SAMtools (v.1.16.1) were used to sort and
convertthealigned SAM files to aligned BAM files. (4) Gene-level expres-
sionabundance for each sample was quantified fromaligned BAM files
using featureCounts (v.2.0.3). In Fig. 1e,f k1, differential expression
analyses between the TLI/ATS-treated and untreated groups were
performed using R package DESeq2'* (v.1.46.0). Genes with adjusted
Pvalues < 0.05 (Benjamini-Hochberg correction) and log, fold changes
>1were considered differentially expressed in comparisons. In, Fig. 1k, I,
Epor-tdT* or Epor-tdT Lin"CD11c"MHCI"MXCR1* CD8«* cDCls were
purified by FACS from Epor ™4 mice following TLI/ATS conditioning.
RNA was isolated by using RNeasy Plus Micro Kit (74034, QIAGEN) and
subjected to RNA-sequence analysis with Novogene using an Illumina
sequencer. In Fig. 4m, PLN migratory cDCl1s and CCR7" splenic cDCls
were sorted by flow cytometry directly into lysis buffer and subjected
to sequencing by MedGenome.com using an lllumina platform. Heat
maps were generated using R packages ComplexHeatmap'® (v.2.22.0).
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GO and GSEA analyses

GO enrichment analysis was performed on the top 500 genes with the
highest fold change values and P values < 0.05 (hypergeometric test,
corrected with Benjamini-Hochberg method) using enrichGO func-
tion provided by R package clusterProfiler'®* (v.4.14.6). GO Biological
Process terms were used as the reference for functional enrichment
analysis. The GO terms were downloaded from the Gene Ontology
Consortium (https://geneontology.org/docs/download-ontology/)
through clusterProfiler’s internal function and only terms from the
‘biological_process’ parts were used. GSEA software (v.3.0) was run
onthe Molecular Signatures Database Hallmarks database'® using the
Pre-Ranked Gene List format, and meandiv normalization.

gPCR, RNA extraction and cDNA synthesis

Total RNA was extracted from omental tissue using the RNeasy Plus Mini
Kit (74134, QIAGEN) and protocol. RNA concentration was determined
by optical density and normalized across samples. Equal amounts of
cDNA were synthesized using the High-Capacity cDNA Reverse Tran-
scription Kit (4368814, Applied Biosystems) with an RNase Inhibitor
(N8080119, Applied Biosystems) according to the manufacturer’s pro-
tocol. EachcDNA sample was diluted 1:200 in RNase free water prior to
qPCR. qPCRwas conducted with TagMan Gene Expression Assay using
probes for the genes Batf3(MmO01318274_m1), Irf8 (Mm00492567_m1),
Epor(Mm00833882_m1), Ax/(Mm00437221_m1), Mertk(Mm00434920_
m1l), Cd5l (Mm00437567_m1), Itgb8 (MmO00623991_m1), Scube3
(MmO01299285_ml), Tgfb1 (MmO01178820_m1), Ccl22 (Mm00436439_
ml), Aldhia2 (Mm00501306_m1), Gapdh (Mm99999915 g1) and Actbh
(Mm02619580_g1). Each TagMan probe was diluted 1:10 in TagMan Fast
Advanced Master Mix (Thermo Fisher, 4444557) to create a TagMan
probe working solution. All qPCR reactions were carried outinaMicro-
Amp optical 384-well reaction plate. qPCR was performed using the
QuantStudio 5 (Applied Biosystems) under the following cycling con-
ditions: 1cycle at 50 °C for 2 min and 95 °C for 10 min, followed by 40
cyclesat 95 °Cfor15 sand 60 °C for 1 min. The average C, value for each
gene was calculated and normalized to Gapdh.

TUNEL staining

TUNEL (Terminal deoxynucleotidyl transferase dUTP nick end label-
ling) staining was performed using the In Situ Cell Death Detection Kit
(C10617, Invitrogen) TMR Red according to the manufacturer’sinstruc-
tions. In brief, tissue sections were fixed with 4% paraformaldehyde for
20 minonice prior to treatment with 0.1% Triton X-100in 0.1% sodium
citrate for permeabilization. Sections were washed in PBS before incu-
bation for 60 minat 37 °C with antibodies and TdT enzyme, followed by
washing. Images were acquired by tile scanning using a Zeiss LSM 700
confocallaser scanning microscope (Carl Zeiss Microscopy) using the
20x objective and a resolution of 960 x 720 pixels per tile. Scale bars
were added in Image]J (v.2.17.0).

Multiplex immunofluorescence imaging by CODEX

Preparation of tissues for CODEX (co-detection by indexing) imaging
was performed as previously described'®¢, with the following modifica-
tions for fresh-frozen mouse tissue. In brief, spleens were snap-frozen
inoptimal cutting temperature (OCT) medium (Tissue-Tek, 25680-930,
VWR/Sakura),andalx 1cmtissue array of spleens was created by trim-
ming and gluing the OCT blocks at -20 °C in the cryostat. The array
was sectioned to a thickness of 7 pm onto 22 x 22 mm glass coverslips
(no. 1.5,12-550-343, Electron Microscopy Sciences) pre-coated with
poly-L-lysine (P8920, Millipore Sigma). Sections were stored at —80 °C
until further use. For staining, sections were equilibrated to room tem-
perature on Drierite desiccant (07-578-3 A, Thermo Fisher Scientific)
for 2 min, followed by incubation in acetone at room temperature for
10 min. Then, sections were dried at room temperature for 2 min, fol-
lowed by hydration in S1 buffer for 2 min after which sections were

fixed in 1.6% paraformaldehyde in S1buffer at room temperature for
10 min, followed by washing in S1buffer, and equilibration in S2 buffer.
One-hundred microlitres of antibody cocktail was added, and sections
were incubated at room temperature for 3 h in a humidity chamber.
Then, tissues were washed in S2 buffer, fixed in 1.6% paraformaldehyde
in S4 buffer for 10 min, washed in PBS, fixed in ice-cold methanol for
5min, washed in PBS, and fixed in BS3 (21580, Thermo Fisher Scientific)
at room temperature for 20 min. Sections were stored in S4 buffer
at 4 °C until imaging. For CODEX imaging, stained coverslips were
mounted onto custom-made acrylic plates (Bayview Plastic Solutions)
using mounting gaskets (Qintay, TMG-22) and stained with Hoechst
33342 (Thermo Fisher Scientific) at a dilution of 1:1,000 in H2 buffer
for 1 min, followed by 3 washes in H2 buffer. Automated image acqui-
sition and fluidics exchange were performed using a CODEX Pheno-
Cyclerinstrument and driver software (Akoya Biosciences) on aBZ-X710
inverted fluorescence microscope (Keyence) equipped witha CFIPlan
ApoA20x%/0.75 objective (Nikon). The following antibodies were used
for CODEX:anti-B220 (RA3.3A1/6.1,BE0067, Bio X Cell, 1:100); anti-CD3
(17A2,555273, BD Biosciences, 1:200); anti-CD169 (MOMA-1, MCA947G,
Bio-Rad, 1:50); anti-TER119 (TER119, 550565, BD Biosciences, 1:400);
anti-CD71(C2F2, 553264, BD Biosciences, 1:400).

Ex vivo analysis of EPO-EPOR downstream signalling in splenic
cDC1s

Splenic cDCs were purified by MACS with a pan-DC isolation kit (130-
100-875, Miltenyi Biotec) and cultured at 5 x 10° cells per ml full RPMI
culture medium supplemented with 10% heat-inactivated FBS, 2 mM
L-glutamine, 100 units per ml of penicillin, 100 pg ml™ of strepto-
mycin sulfate, 1 mM sodium pyruvate, 0.1 mM non-essential amino
acids, 10 mM HEPES (all from Gibco), and 50 pM 3 mercaptoethanol
(21985023, Gibco), and then rested overnight. Cells were isolated
from untreated or TLI/ATS-treated Epor™”°* and Epor** mice. cDCs
from TLI/ATS-treated mice were stimulated ex vivo with recombinant
human EPO (rhEPO; PROCRIT, epoetin alfa, 10 IU per 200 pl) in RPMI
full culture medium or PBS (control) overnight. Phosphorylation of
downstreamsignalling molecules was assessed by flow cytometry, gat-
ing on Lin"SiglecH PDCA-1"CD11c"MHCII"XCRI'SIRPa splenic cDCls.

T, celldepletion studies

Foxp3-DTR mice were acquired fromJackson (016958) and bred in our
facility at Stanford University. Eight-week-old female Foxp3-DTR mice
were treated with TLI/ATS. Mice were injected intraperitoneally with
100 pl diphtheria toxin (25 ng per g body weight) (D0564, Millipore
Sigma) or PBS control every other day (days1, 3,5,7,9,11and 13) follow-
ing allo-bone marrow infusion (day 0), and bone marrow chimerism was
measured by blood sampling on day 14, day 28 and day 55. In another
group, diphtheriatoxin wasinjected every other day after day 14 (days
15,17,19,21,23,25and 27), and bone marrow chimerism was measured
by blood sampling on days 14 and 28.

2W1S tetramer enrichment and flow cytometry

Phycoerythrin (PE) MHCII I-Ab 2W1S,,_ tetramers (NIH Tetramer
core facility), and their use with anti-fluorophore-conjugated mag-
netic beads, anti-PE MicroBeads (130-048-801, Miltenyi Biotec) for
enrichment have been described®. For analysing FOXP3" T, cells
in 2W1S*CD4" T cells, nucleated cells from spleens were collected,
enriched using I-Ab 2W1S,;_., tetramers, and stained for cell-surface
MHCI (H-2K®), TCRp, CD4 and CD44, and intracellular FOXP3, before
being analysed by flow cytometry.

10x Genomics scRNA-seq library preparation

Three different types of scRNA-seq experiments were performed. Inthe
firstexperiment, spleens were obtained from 7-to-8-week-old Epor™x
or Epor**™ mice after TLI/ATS treatment or from untreated controls. In
the second experiment, spleens were obtained from Epor-tdT mice after
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TLI/ATS treatment. In the third experiment, PLNs were obtained from
untreated Epor™% or Epor®* mice. For all experiments, single-cell
suspensions were prepared and subjected to MACS negative enrich-
mentwith Pan Dendritic Cell Isolation Kit mouse (130-100-875, Miltenyi
Biotec). Samples were then stained with live/dead aqua, Fc-blocker,
and an antibody cocktail used to isolate cDCls by FACS using a BD
FACSAria Il instrument. Cells were sorted into PBS supplemented
with 0.5% bovine serum albumin and 2.5 mM EDTA. Cell purities of at
least 95% were confirmed by post-sort analysis. FACS-sorted splenic
cDClsinFig.3a-d,f-h, Extended Data Fig. 5a,b,f,g and PLN migratory
cDClsinFig. 4j,k were then barcoded with unique hashtag antibod-
ies (155841 and 155845, BioLegend), while samples in Extended Data
Fig.5d-h were barcoded with MULTI-seq anchor lipid-modified oligo-
nucleotide pre-hybridized to aunique MULTI-seq barcode (2 pM stock,
200 nM labelling concentration). For the third experiment, Epor-tdT*
and Epor-tdT™ cDCls were sorted separately from the spleens of TLI/
ATS-treated Epor " mice.Sorted cDCls were ‘super-loaded’ into 10x
Genomics 3’ scRNA-seqv.3.1chips (PN-1000269,10x Genomics). cDNA,
antibody hashing, and MULTI-seq library preparation was performed
according to established protocol'®. Library quality control was per-
formed using an Agilent 2100 Bioanalyzer instrument. Pooled cDNA
libraries were sequenced using a NovaSeq6000 or NovaSeq X instru-
ment (Illumina). A median sequencing depth of 40,000 and 5,000
reads per cell was targeted for the GEX and HTO/MULTI-seq libraries,
respectively.

scRNA-seq data analysis

scRNA-seq library FASTQs were pre-processed using Cell Ranger
(v.7.0.0) (10x Genomics) and aligned to the mm-10-3.0.0 reference
transcriptome. Cell Ranger aggregate was used to performread depth
normalization. Filtered read depth normalized scRNA-seq count
matrices were thenread into Rand parsed to exclude genes with fewer
than five counts across all cell barcodes. Parsed scRNA-seq data were
then pre-processed using Seurat (v.5.0.1)'°® and Speckle (v.0.99.7).
Cell clusters with low total unique molecular identifiers (UMIs) and/
or high proportion of mitochondrial transcripts were excluded. Cell
barcodes passing the first quality-control workflow were then used
to pre-process hashtag or MULTI-seq barcode FASTQs and perform
sample classification using the deMULTIplex2 R package (v.1.0.1)'%.
Following MULTI-seq demultiplexing, unclassified cells and clusters
enriched with MULTI-seq-defined doublets were removed prior to
re-processing. These datawere used for unsupervised clustering, dif-
ferential gene expression testing, and manual annotation of splenic
cDC1subtypes based on the following marker genes’: immature early
(Pdia4,Ncub2and Dnajc3),immature late (Nr4a2, Hfe and Tribl), mature
early (Cxcl9, Serpina3g and SifnS), mature late (Ccr7, Gadd45b and Cd63)
and proliferative cDCls (Stmnl, Mki67 and Hells) as well as pre-cDCls
(5100a6,5100a10 and Anxa2).Notably, low-quality or doublet cell clus-
ters missed during the initial quality-control workflows were removed
during the subtype annotation workflow, after which all datasets were
re-processed and used to perform differential gene expression and
subtype proportion analyses between all assayed sample groups. The
manual annotation of PLN migratory cDCl clusters was based on unsu-
pervised clustering results of the scRNA-seq data. Four clusters were
obtained by using R package Seurat’s FindClusters function with a
parameter resolution of 0.3. Each cluster’s identity was determined by
analysingits DEGs obtained through Seurat’s FindAlIMarkers function
provided with log, (fold change) >0 adjusted P value < 0.05. The heat
map showing these top DEGs between PLN migratory cDCI clusters
identified in Epor™°* and Epor** mice were created using R package
Seurat’s DoHeatmap function. The expression density visualization
was performed using R package Nebulosa (v.1.18.0)"°. The CD4" T cell
signature scores of the cells were calculated using Seurat’s function
AddModuleScore, and the gene list shown in Fig. 4k and Supplementary
Table 1 (mouse) was derived from Lei et al.”.

Adoptive OT-1and OT-II cell transfer and priming of T cells to
cell-associated antigensinvivo

OVA-specific transgenic CD8* (OT-1) or CD4" T (OT-II) cells on CD45.1
background were obtained from lymph node and spleen cell suspen-
sions of QT-[P4VEPH1 o QT-[|P4 VP4 mjce, OT-I cells were isolated by
using naive CD8a" T Cell Isolation Kit, mouse (130-096-543, Miltenyi
Biotec), and enriched CD8" T cells were surface stained and purified by
FACS (CD8'CD25 CD44"°*CD62L™). Naive FOXP3™ OT-ll cells (CD4*CD25
CD44'°*CD62L") wereisolated by naive CD4" T Cell Isolation Kit, mouse
(130-104-453, Miltenyi Biotec). 107 cells per ml OT-1 or OT-Il cells were pre-
labelled with 5 uM CellTrace Violet (C34557, Thermo Fisher Scientific).
One million naive OT-1 or OT-Il cells were adoptively transferred into
CD45.2/CD45.2 homozygous Epor™ or Epor**“’ mice by retro-orbital
injection under isoflurane gas anaesthesia. One day later, 0.5 x 10° or
1x10° apoptotic Act-mOVA thymocytes were injected intravenously to
challenge the naive OT-lor OT-ll cells. CTV dilutionin adoptively trans-
ferred OT-1or OT-Il cells was evaluated four days later by flow cytometry
analysis of splenocytes, following surface staining for CD45.1, CD45.2,
TCRva2 (OVA-specific TCR), CD3, CD8 (OT-1) or CD4 (OT-II).

CellTrace Violet labelling

Naive OT-I or OT-Il cells were resuspended in 1 ml PBS and then incu-
bated with 5 uM CTV (C34557, Invitrogen) at 37 °C for 20 min. RPMI-
1640 medium (5 ml) was added to the cells and incubated for 5 min to
remove the free dyeinthe solution. These cells were then centrifuged
andincubated with pre-warmed RPMI-1640 for at least 10 minat room
temperature for subsequent analysis.

Preparation and isolation of single-cell suspensions from lymph
nodes

Lymph nodes were suspended in cold full RPMI culture medium. Lymph
nodes were finely choppedandincubatedin Liberase TM (200 pg ml™,
5401119001, Roche/Millipore Sigma) and DNase I (30 pg ml™; D2821,
Sigma-Aldrich) in full RPMI culture medium for 25 min at 37 °C, 5%
CO,. Single-cell suspensions were extracted from connective tissue
by taking up and resuspending the digests five times.

Digestion and cell isolation from brain, skin, lung and mammary
tissue

Brain. Mice were anaesthetized and intracardially perfused with 20 ml
Dulbecco’s PBS (DPBS, pH 7.3-7.4). The brain was then excised. Me-
chanical dissociation of the brain was performed at 4 °C usinga10 ml
Dounce homogenizer and aloose pellet. The homogenate wasfiltered
intoa 50 ml conical tube using a70-pum filter. The filtered homogenate
was centrifuged at 300gfor 5 minat 4 °C. The pellet was resuspended
in 10 ml of 30% Percoll (P1644, Millipore Sigma) in complete Hanks’
Balanced Salt Solution (HBSS) (14025092, Gibco) and centrifuged. This
Percoll step was repeated a second time. The resulting pellet was then
resuspended in complete HBSS for flow cytometry staining.

Whole skin. Ears were collected and finely cut with scissorsin at least
5 ml per 4 cm? of skin with Liberase TM (200 pg ml™, 5401119001,
Roche/Millipore Sigma) and deoxyribonuclease I (30 pg ml™; D2821,
Sigma-Aldrich) in HBSS (plus calcium and magnesium). The suspen-
sions were digested at 37 °C for 1.5-2 h (under agitation) and then fil-
tered through a100-pm nylon strainer.

Lung. Lungs were collected, cut into small fragments, and digested
for 45 min at 37 °C with collagenase A (0.6 mg ml™; 10103586001,
Sigma-Aldrich) and deoxyribonuclease 1 (30 pg ml™; D2821,
Sigma-Aldrich) in RPMI-1640 medium (Gibco). Digested lungs were
mechanically disrupted to obtain single-cell suspensions. Red blood
cells were lysed using RBC lysis buffer (420302, BioLegend). Cell sus-
pensions were then filtered through a100-pum nylon strainer.
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Mammary tissue. The mammary fat pad containing glands was dis-
sected into small fragments and subjected to enzymatic digestion for
20 min at 37 °Cin a CO,-independent medium (Gibco). The remain-
ing tissue pieces were meshed to obtain single-cell suspensions. Red
blood cells were lysed using RBC lysis buffer (420302, BioLegend).
Cell suspensions were then filtered through a100-pm nylon strainer.

Efferocytosis assay in vivo and in vitro

For in vivo apoptotic cell engulfment experiments, 50 million thymo-
cytes from CD45.1/CD45.1 C57BL/6 mice were resuspended in 10 ml
of RPMI-1640 (21875059, Thermo Fisher Scientific) supplemented
with 10% FBS (Bodinco), containing 10 pM dexamethasone (D2915,
Sigma-Aldrich), and incubated at 37 °C in a humidified atmosphere
with 5% CO, for 4 h. Apoptotic thymocytes were also generated
with 15 Gy radiation. Next, to allow tracking of the apoptotic cells,
the cells were labelled with PKH67 (PKH67GL-1KT, Millipore Sigma)
for cell membrane labelling according to the manufacturer’s proto-
col. Two million apoptotic cells were injected subcutaneously into
the third mammary fat pad or footpad of CD45.2" Epor-tdT reporter
mice. 12 h after injection, the mice were euthanized, and uptake of
PKHé67-1abelled cells in the inguinal or popliteal lymph node on the
injection side and contralateral side was analysed by flow cytometry.
Forinvitro efferocytosis-induced EPOR expression assay, CD45.2" PLN
Epor-tdT* and Epor-tdT Lin"CD11c™¢MHCII" migratory XCR1' cDCls
were sorted by FACS and cocultured overnight with CD45.1" apoptotic
thymocytes ata5:1ratio, and the phenotype of CD45.2°cDC1s was ana-
lysed by flow cytometry for theindicated markers. cDCls were gated as
CD45.2'CD45.1 CD11c"MHCII'.

DEC205-0OVA conjugation

Two milligrams of anti-CD205 (NLDC-145, BE0420, Bio X Cell) wasincu-
bated with 0.4 mg EDC (77149, Thermo Fisher Scientific) and 1.1 mg of
Sulfo-NHS (24510, Thermo Fisher Scientific) in1 ml of activation buffer
(0.1MMES, 0.5 MNaCl, pH 6.0) at room temperature for15min.A1.2 pl
volume of 2-mercaptoethanol was added to quench the EDC. Two mil-
ligrams of ovalbumin (77120, Thermo Fisher Scientific) was then added
for conjugation at roomtemperature for 2 h. Hydroxylamine was added
to 10 mM final concentration to quench the reaction. The conjugated
anti-CD205 was desalted and purified using a Protein G column (45204,
Thermo Fisher Scientific).

Invitro OT-IIFOXP3" T, cellinduction assay

One day following thelast dose of TLI/ATS, CD11c"MHCII" Epor-tdT* and
Epor-tdT XCRI'CD8a’ cDCls were enriched by Pan Dendritic Cell Isola-
tion Kit (130-100-875, Miltenyi Biotec) and further enriched by FACS,
achieving >99% purity. cDC1s were cocultured with naive OT-II T cells,
which were isolated from OT-1IP5YCP% ! mijce using naive CD4* T Cell
IsolationKit (130-104-453, Miltenyi Biotec) and FACS as CD45.1'CD3'T
CRva2'CD4*CD25 CD44'"°* CD62L". cDCls were cocultured with naive
OT-licellsinthe presence of apoptotic Act-mOVA thymocytes at aratio
0f1:5:2in 200 pl full RPMI culture medium. Where indicated, 20 IU per
200 pl rhEPO (PROCRIT, epoetin alfa) was added to the cultures daily
for 5 consecutive days. Epor-tdT* and Epor-tdT- CD11c™MHCII" migra-
tory cDCls were isolated from PLNs with MACS and FACS as described
above. PLN migratory cDCl1s were cocultured with CTV-labelled naive
OT-ll cells in the presence of 2 pg per 200 pul DEC205-OVA or apop-
totic CD45.1" thymocytes at a 1:5:2 ratio. Where indicated, 20 IU per
200 pl rhEPO (PROCRIT, epoetin alfa) was added to the cultures daily
for 5 consecutive days. FOXP3 expression on OT-II cells prelabelled
with CellTrace Violet (CTV) was analysed by flow cytometry, and OT-II
cellswere gated aslive/dead aqua CD45.1'CD45.2"CD3*TCRva2"'CD4".
CD11c™@MHCII" migratory cDCls were isolated from PLNs of Epor™/ex
or Epor**™ mice with MACS and FACS as described above and cocul-
tured with CTV-labelled naive OT-II cells in the presence of apoptotic
CD45.1' thymocytes at a 1:5:2 ratio (2 x 10* dendritic cell, 1 x 10° naive

OT-ll cells, and 4 x 10* apoptotic Act-mOVA thymocytes) in RPMI full
culture medium. Where indicated, 20 IU per 200 pl rhEPO (PROCRIT,
epoetin alfa) was added to the coculture daily for 5 consecutive days.
FOXP3 expression versus CTV dilution in OT-II cells was analysed five
days later by flow cytometry. OT-1l cells were gated as live/dead aqua™
CD45.1'CD45.2 CD3'TCRva2* CD4".

Exvivo antigen-specific FOXP3* T, cellinduction by CCR7*
cDC1s

Twelve hours after intravenous injection of apoptotic Act-mOVA thymo-
cytes (5 x10°) into EpoP™* or Epor** mice, splenic CCR7'XCR1'SIRPa
¢DC1s (1 x10*) were sorted by FACS and cocultured with CTV-labelled
naive OT-ll cells (5 x 10*) for 5days. Anti-TGF[3 (1D11,1.25 pg ml™. BP0057,
Bio X Cell) blocking antibody or PBS as control was added into the cocul-
ture with CCR7' cDCls sorted from the spleens of Epor™#** mice. FOXP3
expression on OT-1l cells was analysed by flow cytometry, and OT-II
cellswere gated aslive/dead aqua CD45.1'CD45.2"CD3'TCRva2'CD4".

Invivo OT-IFOXP3" T, cellinduction assay

Naive CD45.1/CD45.1background OT-ll cells were isolated and sorted
as described above and labelled with CTV. One million CTV-labelled
naive CD45.1* OT-ll cells were injected intravenously into Epor™° or
Epor** mice.One day later, 10° apoptotic Act-mOVA thymocytes were
injected subcutaneously into the mammary fat pad to challenge the
CD45.1" OT-ll cells residing in the DLN. Where indicated, 40 IU rhEPO
(PROCRIT, epoetin alfa) was injected intraperitoneally daily for 5 con-
secutive days or with PBS as control. FOXP3 expression versus CTV dilu-
tioninadoptively transferred OT-1l cells was evaluated four days later
by flow cytometry analysis of the immune cells in the DLN, and OT-11
cellswere gated as live/dead aqua CD45.1'CD45.2"CD3'TCRva2'CD4".

Tumour models

The MC38 colon carcinoma cell line was a gift from C. ). M. Melief.
EO771 was purchased from ATCC (CRL-3461) and B16F10 was pur-
chased from ATCC (CRL-6475). MC38-OVA%™ (ref. 71) and B16F10-OVA”!
melanomas were from V. K. Kuchroo. The B16F10-OVA-ZsGreen cell
line was created in the lab through lentiviral transduction using
LV-EF1a-ZsGreen-IRES-Puro (SL100336, Signagen Laboratories), which
were thensorted by FACS to achieve over 98% purity based on ZsGreen
expression. All tumour lines were routinely tested for mycoplasma by
PCR, and all tests were negative. No additional authentication was per-
formed. Cells were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (C11965500BT, Gibco) supplemented with 10% FBS (FBS; Bod-
inco), 1% penicillin-streptomycin (10378016, Thermo Fisher), 2 mM
L-glutamine (A2916801, Gibco), 1 mM sodium pyruvate (11360070,
Gibco) and 0.1 mM non-essential amino acids (11140050, Gibco) at 37 °C
in 5% CO,. Tumour experiments were carried out by subcutaneously
implanting tumour cells into sex-and age-matched (8 to12 weeks of age)
mice with the following cellnumbers: MC38-OVA"" (0.5 x 10°), B16F10
or B16F10-OVA or B16F10-OVA-ZsGreen (10°), MC38 (0.5 x 10°) cellsin
100 pl PBS into the flank or EO771 (0.5 x 10°) cells in 100 pl PBS into
mammary fat pad. Tumour size was determined by the formula L x W,
where L is length and Wis width. Anti-mouse PD-1 (RMP1-14, BP0146,
Bio X Cell, 100 pg per mouse) or ratIgG2aisotype control (2A3, BPO089,
Bio X Cell, 100 pg per mouse) was injected intraperitoneally on day 6,
day 9 and day 12 after tumour cell implantation.

Lymph node and tumour tissue digestion

TDLNs were finely minced into small pieces 1-2 mmin size and placedin
RPMI-1640 medium containing 1 mg ml™ Collagenase IV (Worthington,
LS004188),10 ug mi" DNasel (Roche, 11284932001), and 3% FBS. The
samples were incubated at 37 °C for 30 min with stirring. Similarly, the
tumour tissues were cut into small pieces 1-2 mm in size and placed
in RPMI-1640 medium containing 1 mg ml™ Collagenase IV, 20 pg ml™
DNasel, and 3% FBS. The samples were then incubated on a shaker at



37°Cfor 40 min. After digestion, the cell suspension was smashed and
filtered through a 100 pm filter for subsequent staining.

Graphicalillustrations

All schematic elements used in figures and extended data figures,
includingillustrations of mice, heart, spleen, lymph node, bone/bone
marrow, mammary fat pad, syringe, cells, petri dish, cell culture well,
stylized trefoil icon, tumour mass, circled area and arrows were created
using https://www.biorender.com. The Stanford-affiliated BioRender
accountfor X.Z.was obtained through the Computational Services and
Bioinformatics Facility (CSBF) at Stanford University.

Statistics and reproducibility

All statistical analyses were performed by Graph Pad Prism (v.10) soft-
ware and R (v.4.2.2). P< 0.05 was considered significant. Scatter plots
showmean +s.e.m.;eachdot represents abiological replicate. Datawere
analysed using unpaired or paired two-tailed Student’s t-tests for com-
parisons between two groups; for multiple group comparisons, ordinary
one-way ANOVA followed by Tukey’s or Dunnett’s multiple-comparison
test, or two-way ANOVA with Tukey’s or Sidak’s multiple-comparison
test was used, with P values corrected for multiple comparisons. The
log-rank (Mantel-Cox) test was used to determine Pvalues for heart
survival. Sample sizes were determined based on preliminary data or
previous experience with variability in similar experimental settings. In
bulk RNA-seqanalyses, Pvalues were calculated using hypergeometric
tests with Benjamini-Hochberg correction or two-sided generalized
linear modellikelihood ratio tests with Benjamini-Hochberg correction.
Wilcoxon rank sumtest was used in scRNA-seq analyses. For differential
expression testing between experimental conditions, equal numbers
of each cDCl1 subtype were subsetted from each condition to control
for variations in subtype populationstructure. Statistically significant
shiftsincDCl1subtype proportions were identified using the propeller
functionwith bootstrappingin the Speckle R package (v.0.99.7)™. Details
of specific tests were noted in the respective figure legends. The fol-
lowing key software packages were utilized inanalyses: Seurat (v.5.0.1),
ggplot2(v.3.5.1), ComplexHeatmap (v.2.14.0), reshape2 (v.1.4.4), viridis
(v.0.6.5), viridisLite (v.0.4.2), speckle (v.0.99.7), RColorBrewer (v.1.1-3),
deMULTIplex2 (v.1.0.1), Nebulosa (v.1.18.0), Trimmomatic (v.0.36),
SAMtools (v.1.16.1), HISAT2 (v.2.1.0), FeatureCounts (v.2.0.3), DESeq2
(v.1.46.0), clusterProfiler (v.4.14.6) and GSEA (v.3.0).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Alltranscriptional datagenerated in the current study were deposited
atthe NCBI Gene Expression Omnibus (GEO) and are publicly available
through the following accession numbers: GSE253056 (bulk RNA-seq)
and GSE284080 (scRNA-seq), respectively. Source data are provided
with this paper.

Code availability

Thescripts for replicating the RNA-seq analyses presented are accessi-
ble on GitHub (https://github.com/chansigit/Epor-cDC1-bulkRNAseq).
Scripts forreproducing all scRNA-seq analyses presented are accessible
on GitHub (https://github.com/chris-mcginnis-ucsf/epor_dc_toler-
ance) and associated processed data objects are available on Synapse
(https://synapse.org/Synapse:syn64330568).
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Extended DataFig.1|XCR1'CD8«a’ cDClsinthe spleenfollowing TLI/ATS
arebonafide cDCls. a, Total splenocyte frequency per spleen (UNT n=5; TLI/
ATS n=10). b, Gating of CD11c"¢"MHCII"€" cDCs from the splenocytes. Summary
graphofthe frequency of cDCsin total splenocytes (UNT, n = 6; TLI/ATS, n=7).
¢, Gating of CD8a*CD11b™ cDCls and CD8a CD11b* cDC2s; frequenciesincDCs
(UNT,n=6; TLI/ATS,n=6).d, XCR1"and e,Ki67" cDCl1 frequencies (UNT,n=5;
TLI/ATS, n=5).f,qPCR of Batf3and Irf8in XCR1'CD8«a" cDCls (n = 5/group).

g, IRF8and h, Zbtb46-GFP expression (UNT, n = 6; TLI/ATS, n =5). i-k, MFl of

MafB-mCherry expressionand % of MafB-mCherry* cellsin XCR1'CD8«' cDCls (i),
c¢DC2s (j) and red pulp macrophages (RPM®s) (k). Day O (UNT), n =4; TLI/ATS
Day5,n=5; TLI/ATS Day 9,n =5 (i,j,k). Dataare shown from one experiment,
representative of at least twoindependent experiments with similar results
(a-k). Statistical analysis was performed using unpaired two-tailed Student’s
t-test (a,b,c,d,e, h), or one-way ANOVA with Tukey’s multiple-comparison test
(f,g,i,j,k). Dataare mean + s.e.m. (a-k).
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Extended DataFig.2| TLI/ATS leads to widespread apoptosis and treatmentin Epor-tdTomato-Cre mice (i.p. x 5days). g,h, Flow cytometry
extramedullary erythropoiesisin the spleen and amarkedriseinserum showing splenic cDC1 frequency among cDCs (g) and Epor-tdT" ¢cDC1
EPO. a, TUNEL staining of spleensections, UNT vs. TLI/ATS (scalebar=200 pm).  frequency/MFI (h) (+PBS,n=5;+EPO, n =5).i-j, Frequencies of Epor-tdT" and
b, Spleen cell composition after ATS, TLI, or TLI/ATS; pie chart shows mean Epor-tdT TER119" erythroid cells (i) and Epor-tdT'CD11b™F4/80Epor-tdT"
frequencies of indicated populations (n=3). T cells (TCRB*CD19°NK1.1"), B cells RPM®s (j), (+PBS, n=5; +EPO, n = 5). k, CCR7 vs. Epor-tdT expressionin
(CD19'TCRB"NK1.1"), erythroid progenitors (CD11c TER119°CD71’), cDCs XCR1'CD8a’ cDCls that were gated as live-dead aqua CD3e"CD19°B220~
(CD3e™B220°SiglecH PDCA-1"CD11c"e"MHCII"e"), other myeloid cells are SiglecH PDCA-1"CD11c"€"MHCII"e": histogram overlay for CCR7" cDCls (UNT,
subdividedinto CD11b*Ly6C Ly6G*, CD11b*Ly6G "Ly6C* and CD11b™F4/80". n=>5; TLI/ATS, n=5). Dataare shown from one experiment, representative of
c,Serum EPO levels over time after TLI/ATS (ELISA, n = 8).d, CD71'TER119* atleasttwoindependent experiments with similar results (a,b,c,d,g,h,i,j, k)
erythroid progenitorsinspleen (day 6) (upper) and in spleen/BM (lower) over or fromone experiment (e). Statistical analysis was performed using unpaired

time after TLI/ATS (n = 3). e, Co-detection by indexing (CODEX) imaging of WT two-tailed Student’s t-test (g,h,i,j, k). Dataare mean + s.e.m. (d,g-k). The diagram
C57BL/6 spleen (UNT vs.1day after TLI; scale bar =500 pm). f, Scheme of EPO infwascreatedinBioRender.Zhang, X. (2025) https://BioRender.com/cx0On3vn.
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Extended DataFig.3|EPO-EPOR downstreamsignalingisactivatedin cDCls
following TLI/ATS. a-c, Gene Set Enrichment Analysis (GSEA) of transcriptional
profiles using the Hallmark gene set of MSigDB. NES, normalized enrichment
score; FDR, false discoveryrate. Red: upregulated; Blue: downregulated.
TLI/ATS vs. UNT. b, Upregulated gene sets. ¢, Downregulated gene sets.

d-e, Intracellular phospho-flow cytometric analysis of EPO-EPOR downstream
signalinginlive-dead blue Lin SiglecH PDCA-1"CD11c"¢"MHCII"¢" Spleens were
harvested on the next day following thelast dose of TLIor TLI/ATS.UNT (n=4)
vs. TLI(n=4)vs. TLI/ATS (n=4).d, XCR1'CD8«a" cDClsand e, XCR1 CD8a c¢DC2s.
f,g, Histograms and MFl of the indicated EPO-EPOR downstream signaling
molecules with fluorescence minus one (FMO) as controls by intracellular
phospho-flow staining on the next day following the last dose of TLI/ATS
treatment. Epor®/°* (n = 4) vs. Epor** (n=5).cDCls (f) and cDC2s (g). h, Ex vivo

analysis of EPO-EPOR downstream signalingin splenic cDCls. Splenic cDCs were
MACS-purified withapan-DCisolation kit and cultured at 5x10° cells/ml, then
rested overnight. Cellswereisolated from UNT or TLI/ATS-treated Epor™/*
(n=4;n=4)and Epor* (n = 4; n =4) mice.cDCs from TLI/ATS-treated mice were
stimulated ex vivo with EPO (10 1U/200 pl) or PBS (control) overnight.
Phosphorylation of downstream signaling molecules was assessed by flow
cytometry, after gating on XCR1'SIRPa” splenic cDCls. Data are shown from
one experiment, representative of at least two independent experiments with
similar results (d-h). Statistical analysis was performed using unpaired two-
tailed Student’s t-test (f,g), or one-way ANOVA Tukey’s multiple-comparison
test (d, eand hleft), or paired two-tailed Student’s t-test (hright). Dataare
mean =s.e.m. (d-h).
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cellsand FOXP3' frequency among CD4" T cells were analyzed on day 14.

j, CD45.2'FOXP3" Epor /o (+ PBS/without DT, n = 8; +DT, n = 8) or Epor***’
(+ PBS/without DT, n =8; +DT, n = 8) mice were injected with 30 million

mice onday 6 after DT treatment (DT injections on days 0,2, and 4).

b,c, Representative pseudocolor plots of C57BL/6, Batf3"", or Epor**
recipientconventional CD4" T cell percentages and FOXP3" T, percentagesin
CD4'Tcells.d,e, Absolute cellnumber of indicated cell populations. b,d, Day O
(UNT,n=5;n=5;n=5and TLI/ATS,n=6;n=35;n=4)and c,e, Day 14 of UNT

or TLI/ATS-treated groups post allo-BM infusion (UNT,n=11;n=6;n=9and
TLI/ATS,n=3;n=11;n=10).f, MHCll expression on cDCls and cDC2s from
MHCIV*xand MHCII**" spleens. g, h,i, MHCIF*”"* (n = 6) and MHCI14¥"!
(n=6) recipients were given TLI/ATS and i.v. infused with BALB/c donor BM
cells.14 days post BMinfusion, the percentages of donor type (H2K") cells
among leukocyte populations were determined in the peripheral blood of
hosts. g,i, Recipient MHCI (H-2K?)*'TCRB*CD4* T cell frequency among total live

CD45.1'FOXP3°™ CD4" T cells isolated by MACS. Two consecutive doses of DT
or PBSwere given on each of the following 2 days. Subsequently, the mice were
treated with TLI/ATS, and 2W1S-BALB/c donor BM cells were infusedi.v., and 14
days later, 2W1S-tetramer*CD44"H-2K**TCRB*CD4" T cells from the spleens
were analyzed for FOXP3 expression by flow cytometry. FOXP3 expressionin
CD45.1" or CD45.2"2W1S-tetramer® CD4" T cells is shown. One experiment (j)
oroneoftwoindependent experiments with similar results are shown (a-i).
Statistical analysis was performed using unpaired two-tailed Student’s t-test (g,i),
two-way ANOVA with Tukey’s multiple-comparisontest (d,e,j). Dataare
meants.e.m.(d,e,g,i,j). Thediagraminjwascreated in BioRender.Zhang, X.
(2025) https://BioRender.com/cxOn3vn.
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Extended DataFig. 5| Differentially expressed genes (DEGs) incDClsin
scRNA-seqanalysis and ex vivo TGFB-dependent Ag-specificFOXP3'T,,
induction by CCR7* cDCl1s. a, UMAP of splenic cDC1gene expression by
sampleidentity. b, Dot plots of top condition-specific DEGs in Epor®/**and
Epor**™mice (TLI/ATS vs. UNT). ¢, Absolute cDC1 numbers per spleenin UNT
vs. TLI/ATS-treated Epor*/* (n = 5/condition) and Epor**™ (n = 5/condition)
mice.d, UMAPs of cDC1subtypesinEpor-tdT' and Epor-tdT cells. e-g, Dot plots
of top condition-specific DEGs in Epor-tdT" and Epor-tdT ¢DCls (TLI/ATS) and
in Epor™7* and Epor** mice (TLI/ATS vs. UNT). Dot color =expression, size =
% ofindicated gene expressed cells (b,e-g). h, Bar charts showing cDC subtype (d)
proportionsin Epor-tdT and Epor-tdT cDCls following TLI/ATS. i, Role of TGF3
inFOXP3" T, inductionby CCR7" cDCls:12 h after apoptotic Act-mOVAinjection,
CCR7' cDCls (1x10*) were cocultured with CD45.1' CTV-labeled naive OT-Il cells
+anti-TGFB; FOXP3 expression was analyzed by flow cytometry (n = 5/group).
J-k,Representative flow cytometry analysis and I,m, Absolute cell number of
indicated cell populations of Fig. 3j, ltgh8** vs. littermate controls.j,1, Day O

andk,m, Day 14 of UNT (n =5;n=5) or TLI/ATS-treated (n =5; n = 5) groups post
allo-BM infusion. n,0, Aldh1a2**"*: Batf3”" (n = 6) vs. Aldh1a2"***. Batf3™'
(n=7)BMchimericrecipient mice (CD45.1") were given TLI/ATS.1day after the
lastdose of TLI/ATS, 2W1S-BALB/c donor BM cells were infusedi.v., and 14 days
later, the percentages of donor type (H2K%) cellsamong leukocyte populations
inthe peripheral blood of hosts were determined (n) and 2W1S-tetramer*CD44"
H-2K>*TCRB*CD4" T cells from the spleens were analyzed for FOXP3 expression
by flow cytometry and FOXP3" T, were counted (0). Dataare representative
ofatleastthreeindependent experiments with similar results (c,i) or one
experiment (j-0). Statistical analysis was performed using unpaired two-tailed
Student’st-test (c,i,n,0), or two-way ANOVA followed by Tukey’s multiple-
comparison test with P values adjusted (I, m), or propeller test, two-sided, no
multiple-comparison correction (b), or wilcoxon rank sum test, two-sided,
Bonferronicorrection (h). Dataare mean *s.e.m. (c,i,I,m,n,0). The diagramini
was created in BioRender. Zhang, X. (2025) https://BioRender.com/rq2yp2e.
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Extended DataFig. 6| Absence of EPOR oncDCls givesrise toimmunogenic
cDCl1sthat promote both CDS8* T cell cross-priming and CD4' T cell priming
tocell-associated Ags. a, MFl of indicated molecules ongated cDCl1s with
fluorescence minus one (FMO) as controls. b, MFl of indicated molecules on
gated cDC2s with fluorescence minus one (FMO) as controls. ¢, Percentages

of cDC2sinspleniccDCs. d, Representative flow gating of CCR7*XCR1'SIRPa”
cDClsinsplenic cDCls (Upper), and percentages and absolute numbers of
CCR7*cDCls (Lower). a-d, Epo™/% (n = 5) vs. Epor**™ (n = 5) mice. e, MFl of
indicated molecules on CCR7*vs. CCR7 ¢DCls.CD40 and PD-L1: Eporo/fiox
(n=35); Epor*** (n=5). CD80 and CD86: Epor™/°* (n = 6); Epor*** (n = 6).

f, Cross-presentation assay: apoptotic Act-mOVA thymocytesinjected into
Epor’™ex (n = 5) or Epor™*! (n = 5) mice 1 day after transfer of CTV-labeled

naive CD45.1" naive OT-I cells; spleens analyzed on day 4 for OT-1expansion
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and proliferation. g, Same setup with OT-Il cells; percentages and absolute
numbers of OT-ll cells and proliferating OT-1l cells were assessed. Ag-specific
CD4' T cellresponse: Ag-specific CD4" T cellimmune response following
i.v.injection of apoptotic Act-mOVA thymocytes1day afteri.v.injection of
CTV-labeled naive CD45.1" naive OT-ll cells. Spleens were analyzed at day 4
for OT-llexpansion and proliferation. Eporf®/* (n = 5) and Epor**** (n = 5)
mice. Data areshown from one experiment, representative of at least three
independent experiments with similar results (a-g). Statistical analysis was
performed using unpaired two-tailed Student’s t-test (a,b,c,d,f,g) and two-
way ANOVA followed by Tukey’s multiple-comparison test (e). Dataare
mean +s.e.m. (a-g). The diagramsin f,g were created in BioRender. Zhang, X.
(2025) https://BioRender.com/bth22ué6.
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Extended DataFig. 8| Epor-tdT expression on XCR1' cDClsinselected
organs and tolerogenic phenotype of Epor-tdT  migratory cDClsin PLN.
a,b,c CCR7-and Batf3-dependent Epor-tdT expression on migratory cDCs

in pLNs. Migratory cDCs were gated as CD11c™MHCII"e" from live-dead

aquaLin SiglecH' PDCA-T EpCAM  cells, and resident cDCs were gated as
CDI11c"s"MHCII™ from live-dead aquaLin SiglecH PDCA-1"cells. pLNsincluding
inguinal, axillary, brachial, and superficial cervical LNs were combined for

analysis by flow cytometry (a,b). Ccr7” Epor®™, Batf3” Epor®* and WT

C57BL/6 mice (a). Histogram overlay of Epor-tdT expression on migratory
orresident cDCs from individual mouse strains (b). Epor-tdT expression

onmigratory cDCs fromindividual pLNs of Epor®”* mice (c).d, Epor-tdT

expression on cDCls obtained from the indicated organs in Zbtb46°**Epor”*

mice.cDCs were gated in CD45" cells as CD11c*Zbtb46-GFP*, inwhich cDCls
were further gated as XCR1'CD103". e, Flow cytometric analysis of tolerance
associated cell-surface molecules on PLN Epor-tdT" migratory cDCls compared

with Epor-tdT cDCs and resident cDCs with FMO serving as controls (n = 8).
Dataarerepresentative of at least two independent experiments with similar

results (a-e). Statistical analysis was performed using one-way ANOVA Tukey’s
multiple-comparison test (e). Dataare mean +s.e.m. (e). The diagramsina,e
were created in BioRender. Zhang, X. (2025) https://BioRender.com/5sr2iny.
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was assessed. n = 6/group. e, Efferocytosis of PKH67-labeled apoptotic
thymocytes by migratory cDCls and cDC2sin dLNs12 h post-injection.
f, Act-mOVALHYPH2 mijce were reconstituted with either Epor™®* (n = 5)

or Epor**™ (n = 6) BM cells after lethal irradiation. 8 weeks post-reconstitution,
naive CTV-labeled OT-ll cells were i.v.infused (day 0), and EPO was administered
ondays-2to2.FOXP3inductionin OT-ll cells was assessed ininguinal LNs on
day9.Dataare shown from one experiment, representative of two independent
experiments with similar results (a-e) or one (f) independent experiment.
Statistical analysis was performed using unpaired two-tailed Student’s

t-test (a,b,f), two-way ANOVA with Tukey’s multiple-comparison test (d).
Dataaremean +s.e.m.(a,b,c,d,f). The diagramsina,b,c,e,fwere created
inBioRender. Zhang, X. (2025) https://BioRender.com/u5600i2.
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were gated as XCR1" and non-cDCls as XCR1". b-d, Mice implanted s.c. with and tdLN and tumor were analyzed on day 9 after inoculation. j, Flow cytometry
MC38-0OVA“Y™ or BI6F10-OVA; on day 10, tumors were analyzed for Epor-tdT analysis of Epor-tdT expressionon tdLN ZsGreen* migratory and resident XCR1*
expressioninTILs. b, Representative gating strategy of individual live-dead cDCl1s. Overlay of migratory ZsGreen' cDCls or resident ZsGreen* cDCl1s with
blue™ TIL populations. ¢,d, Histogram overlay showing Epor-tdT expressionin Lin“live cells toshow Epor-tdT expression levels. k, Flow cytometry analysis of
individual cell populations. e, Zbtb46°"*Epor’”* mice with MC38-OVA“™ Epor-tdT expression on tumor infiltrating ZsGreen* cDCls. Dataare shown
tumors (day 12) were analyzed for Epor-tdT on tumor-infiltrating cDCs; CCR7* fromoneexperiment, representative of atleast two independent experiments
(populationl)and CCR7 (populations1l/Ill by Ly6A) subsets were gated, with withsimilarresults (a-e,f,g,h,j,k). Statistical analysis was performed using
XCR1/CD103 staining to define cDCls and cDC2s. f, Quantification of Epor-tdT one-way ANOVA with Dunnett’s multiple-comparison test (f). Dataare
expression onindividual tumor infiltrating cDC subsets. MC38-OVAY™ (n = 4) mean +s.e.m. (f,h). Thediagramsina,b,e,g,iwere created in BioRender.

and B16F10-OVA (n =4) tumors were harvested on day 12 post-s.c. implantation Zhang, X. (2025) https://BioRender.com/gjjtedh.
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Extended DataFig.12|Loss of EPORin cDCls limits tumor growthand
promotesimmunogenic function of tumor Ag-carrying cDClsinboth
TDLN and tumor. a, Growth of MC38-OVAY™ tumor cellsimplanteds.c. into
Epor°* (n = 8) and Epor**™ mice (n=9). b, Growth of BI6F10-OVA tumor cells
implanteds.c. into Epof™* (n = 6) and Epor**’ mice (n=7). ¢, Experimental
design for phenotyping tumor-Ag carrying ZsGreen' cDClsin tdLN and tumors
in Epor™/*vs, Epor**™ mice. BI6F10-OVA-ZsGreen cells were implantedss.c.
into Epor™* mice, and TDLNs and tumors were analyzed on day 9 after
implantation. d, Flow cytometry analysis of Epor-tdT expression on ZsGreen*
migratory XCRI'SIRPa” ¢cDClsintdLNs with summary graph of statistical
quantification. Epor™ (n = 7) and Epor**" (n = 8). e, Flow cytometry analysis
of CD40,CD80 and CD86 expression on tumor infiltrating ZsGreen* cDCls with
summary graph of statistical quantification. Epor™”"* (n = 7) and Epor**
(n=8) mice. (f-1) MC38-OVAY™ tumors were s.c. implanted into Epor'®/ox
(n=8)and Epor** (n=7) and 10 days later TILs were analyzed. f. Percentages

of CD45" liveimmune cellsand CD8" or CD4* T cellsin CD45" TILs. g, Frequency
0of OVA ,57.,564-dextramer*CD8" T cellsamong CD8 T cells. h, Representative
flow plots and quantification of CD8" T cells expressing TIM-3 and PD-1.

i, Representative flow plots and quantification of TCF1'TIM-3"CD8" T cells.
Jj,Representative histograms and quantification of perforin, granzyme-B, IFNy
and TNFa expressionin tumor-infiltrating CD8" T cells. k, Percentage of FOXP3*
T,eqsinCD4" T cells with representative flow plots (Left). Absolute number of
T.es (Right). 1, Representative flow plots and percentages of T-bet" CXCR3" T,
in CD4"FOXP3" T, (f-). Dataare shown from one experiment, representative
ofatleasttwoindependent experiments with similar results (a,b,d,e,f-1).
Statistical analysis was performed using two-way ANOVA with Sidak’s multiple
comparisontest (a,b), or two-tailed unpaired Student’s t-test (d,e, f,g,i,j, k1),
or two-way ANOVA with Tukey’s multiple-comparison test (h). Dataare
meants.e.m.(a,b,d,e-l1). Thediagramincwas created in BioRender. Zhang, X.
(2025) https://BioRender.com/3jod9q7.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O OO0 000F

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Zen software, BD FACSDiva software (version8), BZ-X Viewer (Keyence), CODEX driver (Akoya Biosciences).

Data analysis Image) —2.17.0
Graphpad prism — version10
FlowJo —version 10.10.0
R studio —4.2.2
CellRanger —version7.0.0
Seurat —version5.0.1
ggplot2 —version3.5.1
ComplexHeatmap — version2.14.0
reshape2 — version1.4.4
viridis — version0.6.5
viridisLite — version0.4.2
speckle —version0.99.7
RColorBrewer —version1.1-3
deMULTIplex2 —version1.0.1
Nebulosa —version1.18.0
Trimmomatic — version0.36
SAMtools —version1.16.1
Hisat2 —version2.1.0
featureCounts —version2.0.3




DESeq2 —version1.46.0
ClusterProfiler —version4.14.6
GSEA —version3.0

Analysis details are provided in the Methods section.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data supporting the findings of this study are available in the Article and its Supplementary Information. All transcriptional data generated in the current study
were deposited at the NCBI Gene Expression Omnibus (GEO) and are publicly available through under the following accession numbers: GSE253056 (bulk RNA-seq)
and GSE284080 (scRNA-seq), respectively. Source data are provided with this paper.

The GO terms were downloaded from the Gene Ontology Consortium (https://geneontology.org/docs/download-ontology/) through clusterProfiler's internal
function and only terms from the "biological_process" parts were used. Details of GO analysis in Fig. 1d were in Source Data Fig. 1.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or  N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were determined based on preliminary data or prior experience with variability in similar experimental settings.
Data exclusions  No data were excluded.

Replication All the experimental findings were reliably reproduced as validated by at least two to three biological replicates in at least two to three
independent experiments unless otherwise noted.

Randomization  Mice were age, gender and genetic background-matched and randomized appropriately (e.g. prior to initiating treatment for matched
conditions).

Blinding No blinding was performed due to requirements for cage labeling and staffing needs.

>
Q
Y
(e
)
1®)
o
=
o
S
_
(D
©
o
=
>
(@}
w
[
3
3
Q
<




Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
X Antibodies XI|[] chip-seq

™ Eukaryotic cell lines |:| IZI Flow cytometry

D

Palaeontology and archaeology IZ D MRI-based neuroimaging
Animals and other organisms

Clinical data

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
A

Dual use research of concern

XXXOXOO s
OO0O0XO

Plants

Antibodies

Antibodies used 1. The following antibodies were used for cell culture: Anti-TGFb (Clone 1D11; BP0OO57, Bio X Cell).

2. The following antibodies were used for CODEX: anti-B220 (RA3.3A1/6.1, BEOO67, Bio X Cell, 1:100); anti-CD3 (17A2, 555273, BD
Biosciences, 1:200); anti-CD169 (MOMA-1, MCA947G, Bio-Rad, 1:50); anti-TER119 (TER-119, 550565, BD Biosciences, 1:400); anti-
CD71 (C2F2, 553264, BD Biosciences, 1:400).

3. The following antibodies were used for in vivo treatments: Anti-mouse PD1 (Clone RMP1-14, BP0146, Bio X Cell, 100ug/mouse) or
rat 1gG2a isotype control (Clone 2A3, BPO089, Bio X Cell, 100ug/mouse).

4. Anti-CD205 (Clone NLDC-145, BE0420, Bio X Cell) was used for OVA conjugation.

5. The following anti mouse-fluorescent conjugate-labelled antibodies (Target, fluorophore, clone, catalog number, and
manufacturer; all antibodies were used at a 1:200 dilution unless otherwise noted) were used:

CD11c-PE/Cy7 (N418, 117318, BioLegend), CD11c-BV711 (N418, 117349, BioLegend), MHCII (I-A/I-E)-APC (M5/114.15.2, 107614,
BioLegend), MHCII (I-A/I-E)-APC/Cy7 (M5/114.15.2, 107628, BioLegend), MHCII (I-A/I-E)-BV510 (M5/114.15.2, 107636, BioLegend),
CD8a-BV785 (53-6.7, 100750, BioLegend), CD8E-BV421 (53-6.7, 100738, BioLegend), CD8b-PE/Cy7 (YTS156.7.7, 126616, BioLegend),
XCR1-PerCP/Cy5.5 (ZET, 148208, BioLegend), XCR1-BV785 (ZET, 148225, BioLegend), CD172a (SIRPa-FITC (P84, 144006, BioLegend),
CD172a (SIRPa)-BUV395 (P84, 740282, BD Biosciences), CD172a (SIRPa)-BV421 (P84, 740071, BD Biosciences), CD172a (SIRPa)-
BUV661 (P84, 741593, BD Biosciences), CD103-BV421 (2E7, 121422, BioLegend), B220/CD45R-FITC (RA3-6B2, 103206 BioLegend),
B220/CD45R-APC (RA3-6B2, 103212, BioLegend), CD19-APC (6D5, 115512, BioLegend), CD19-FITC (1D3/CD19, 152404, BioLegend),
CD19-PE/Cy7 (6D5, 115520, BioLegend), SiglecH-BV605 (440c, 747673, BD Biosciences), SiglecH-APC (551, 129612, BioLegend),
PDCA-1 (CD317, BST2)-BV711 (927, 127039, BioLegend), PDCA-1 (CD317, BST2)-APC (927, 127016, BioLegend), CD11b-FITC (M1/70,
101206, BioLegend), CD11b-BUV737 (M1/70, 741722, BD Biosciences), Ki67-BV605 (SolA15, 406-5698-82, eBioscience), IRF8-PE
(V3GYWCH, 12-9852-82, eBioscience), TER119-APC (TER-119, 116212, BioLegend), TER119-FITC (TER-119, 116206, BioLegend),
CD71-PerCP/Cy5.5 (RI7217, 113816, BioLegend), TCRb-PE/Cy7 (H57-597, 109222, BioLegend), TCRb-BV421 (H57-597, 109229,
BioLegend), TCRb-PE/Cy5 (H57-597, 109210, BioLegend), CD64-PE (X54-5/7.1, 139304, BioLegend), CD64-BV711 (X54-5/7.1, 139311,
BioLegend), Ly6G-PE/Cy7 (1A8, 127618, BioLegend), Ly6C-BV421(AL-21, 562727, BD Biosciences), Ly6C-PerCP/Cy5.5 (HK1.4, 128012,
BiolLegend), F4/80-BUV395 (T45-2342, 565614, BD Biosciences), F4/80-BV711 (T45-2342, 565612, BD Biosciences), NK1.1-BV711
(PK136, 108745, BioLegend), NK1.1-FITC (PK136, 108706, BioLegend), NK1.1-APC (PK136, 108710, BioLegend), CD49b-APC (DX5,
108910, BioLegend), Siglec-F (CD170)-APC (S17007L, 155508, BioLegend), H-2Kd-PerCP-eFluor™ 710 (SF1-1.1.1, 50-245-930,
eBioscience), H-2Kb-PE (AF6-88.5, 561072, BD Biosciences), CD3e-PE/Cy7 (500A2, 152314, BioLegend), CD3e-APC (500A2, 152306,
BiolLegend), CD4-BUV737 (RM4-5, 612844, BD Biosciences), CD25-BUV395 (PC61, 564022, BD Biosciences), CD44-APC-R700 (IM7,
565480, BD Biosciences), CD62L-BV711 (MEL-14, 104445, BioLegend), CD326 (Ep-CAM)-PE/Cy7 (G8.8, 118216, BioLegend), CD40-
APC (3/23, 558695, BD Biosciences), CD80-BV421 (16-10A1, 562611, BD Biosciences), CD86-BV785 (GL-1, 105043, BioLegend),
CD274 (PD-L1)-BV421 (10F.9G2, 124315, BioLegend), CD205 (DEC-205) (V18-949, 566376, BD Biosciences), AxI-APC (MAXL8DS,
17-1084-82, eBioscience), CD131-BV421 (JORO50, 740050, BD Biosciences), CCR7-Biotin (4B12, 13-1971-82, eBioscience, 1:100),
CD24-BV615 (30-F1, 752769, BD Biosciences), CD40-BV750 (3/23, 746970, BD Biosciences), CD80-BUV563 (16-10A1, 741272, BD
Biosciences), CD86-BV510 (PO3, 745059, BD Biosciences), MHCII (I-A/I-E)-Alexa Fluor 700 (M5/114.15.2, 107622, BioLegend), CD274
(PD-L1)-BV605 (10F.9G2, 124321, BioLegend), CXCR3 (CD183)-PE (CXCR3-173, 126506, BioLegend), CD45.1-BV785 (A20, 110732,
BiolLegend), CD45.2-BV650 (104, 109836, BioLegend), CD45-BV785 (30-F11, 103149, BioLegend), CD45-BUV395 (30-F11, 564279, BD
Biosciences), CD3-PE/Cy7 (17A2, 100220, BioLegend), TCRva2-APC (B20.1, 127810, BioLegend), CD279 (PD-1)-BV711 (29F.1A12,
135231, Biolegend), Granzyme B-FITC (GB11, 515403, BioLegend), IFNy-BUV737 (XMG1.2, 612769, BD Biosciences, 1:100), TNFa-
BV605 (MP6-XT22, 506329, BiolLegend, 1:100), TIM-3 (CD366)-BUV395 (5D12/TIM-3, 747620, BD Biosciences), Ly108 (SLAMF6)-APC
(eBio13G3-19D (13G3-19D), 17-1508-82, eBioscience), FOXP3-FITC (FJK-16s, 11-5773-82, eBioscience, 1:100), TCF1/TCF7 (C63D9,
22038, Cell Signaling Technology), AF488 Donkey anti-rabbit IgG (Poly4064, 406416, BioLegend), T-bet-APC (eBio4B10 (4B10);
17-5825-82, eBioscience, 1:100), Bcl-xL-PE (54H6, 13835S, Cell Signaling Technology), Phospho-S6 Ribosomal Protein (Ser235/236)-
PE (D57.2.2E, 531685, Cell Signaling Technology, 1:50), Phospho-Akt (Ser473)-PE (D9E, 5315S, Cell Signaling Technology, 1:50),
Phospho-4E-BP1 (Thr37/46)-PE (236B4, 75475, Cell Signaling Technology1:50), Phosph-p44/42 MAPK (Erk1/2) (Thr202/ Tyr204)-PE
(197G2, 140958, Cell Signaling Technology, 1:50), Phosph-Stat5 (pY694)-PE (47, 562077, BD Biosciences, 1:50).




Validation

Tumor antigen-specific T cells were determined by H-2Kb/OVA257-264 dextramer (JD02163-PE, 1:100) staining following the
manufacturer’s protocol (Immudex).

The antibody validation is provided on the suppliers ‘website (see detailed information on the website).

CD11c | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd11c-antibody-3086

CD11c | BV711 https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-cd11c-antibody-10175

MHCII (I-A/I-E) | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-i-a-i-e-antibody-2488

MHCII (I-A/I-E) | APC/Cy7 https://www.biolegend.com/en-us/products/apc-cyanine7-anti-mouse-i-a-i-e-antibody-5966

MHCII (I-A/I-E) | BV510 https://www.biolegend.com/en-us/products/brilliant-violet-510-anti-mouse-i-a-i-e-antibody-7997

CD8a | BV785 https://www.biolegend.com/en-us/products/brilliant-violet-785-anti-mouse-cd8a-antibody-7957

CD8a | BV421 https://www.biolegend.com/en-us/products/brilliant-violet-42 1-anti-mouse-cd8a-antibody-7138

CD8b-PE/Cy7 (YTS156.7.7, 126616, BioLegend), https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd8b-
antibody-9056

XCR1 | PerCP/Cy5.5 https://www.biolegend.com/en-us/products/percp-cyanine5-5-anti-mouse-rat-xcrl-antibody-10397

XCR1 | BV785 https://www.biolegend.com/en-us/products/brilliant-violet-785-anti-mouse-rat-xcrl-antibody-16711

CD172a (SIRPa) | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-cd172a-sirpalpha-antibody-7829

CD172a (SIRPa) | BUV395 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/buv395-rat-anti-mouse-cd172a.740282 ?tab=product_details

CD172a (SIRPa) | BV421 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/bv421-rat-anti-mouse-cd172a.740071?tab=product_details

CD172a (SIRPa) | BUV6E61 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/buv661-rat-anti-mouse-cd172a.741593?tab=product_details

CD103 | BV421 https://www.biolegend.com/en-us/products/brilliant-violet-421-anti-mouse-cd103-antibody-7329

B220 | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-human-cd45r-b220-antibody-445

B220 | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-human-cd45r-b220-antibody-442

CD19]| APC https://www.biolegend.com/en-us/products/apc-anti-mouse-cd19-antibody-1526

CD19 | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-cd19-antibody-13615

CD19 | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd19-antibody-1907

SiglecH | BV605 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv605-rat-anti-mouse-siglec-h.747673?tab=product_details

SiglecH | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-siglec-h-antibody-6906

PDCA-1 (CD317) | BV711https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-cd317-bst2-pdca-1-
antibody-18784

PDCA-1 (CD317) | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-cd317-bst2-pdca-1-antibody-6316

CD11b | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-human-cd11b-antibody-347

CD11b | BUV737 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-
color-antibodies-ruo/buv737-rat-anti-cd11b.741722?tab=product_details

Ki67 | BV605 https://www.thermofisher.com/antibody/product/Ki-67-Antibody-clone-SolA15-Monoclonal /406-5698-82

IRF8 | PE https://www.thermofisher.com/antibody/product/IRF8-Antibody-clone-V3GYWCH-Monoclonal/12-9852-82

TER119 | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-ter-119-erythroid-cells-antibody-1863

TER119 | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-ter-119-erythroid-cells-antibody-1865

CD71 | PerCP/Cy5.5 https://www.biolegend.com/en-us/products/percp-cyanine5-5-anti-mouse-cd71-antibody-11662

TCRb | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-tcr-beta-chain-antibody-4144

TCRb | BV421 https://www.biolegend.com/en-us/products/brilliant-violet-421-anti-mouse-tcr-beta-chain-antibody-7251

TCRb | PE/Cy5 https://www.biolegend.com/en-us/products/pe-cyanine5-anti-mouse-tcr-beta-chain-antibody-273

CD64 | PE https://www.biolegend.com/en-us/products/pe-anti-mouse-cd64-fcgammari-antibody-6691

CD64 | BV711 https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-cd64-fcgammari-antibody-9920
Ly6G | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-ly-6g-antibody-6139

Ly6C | BV421https://www.bdbiosciences.com/en-us/products/reagents/microscopy-imaging-reagents/immunofluorescence-
reagents/bv421-rat-anti-mouse-ly-6¢.562727?tab=product_details

Ly6C | PerCP/Cy5.5 https://www.biolegend.com/en-us/products/percp-cyanine5-5-anti-mouse-ly-6c-antibody-5967

F4/80 | BUV395 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv395-rat-anti-mouse-f4-80.565614?tab=product_details

F4/80 | BV711 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv711-rat-anti-mouse-f4-80.565612?tab=product_details

NK1.1 | BV711 https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-nk-1-1-antibody-9576

NK1.1 | FITC https://www.biolegend.com/en-us/products/fitc-anti-mouse-nk-1-1-antibody-429

NK1.1 | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-nk-1-1-antibody-427

CD49b | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-cd49b-pan-nk-cells-antibody-231

Siglec-F (CD170) | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-cd170-siglec-f-antibody-16373

H-2Kd | PerCP-eFluor™ 710 https://www.fishersci.com/shop/products/mhc-class-i-h-2kd-monoclonal-antibody-sf1-1-1-1-percp-
efluor-710-ebioscience-invitrogen/50245930

H-2Kb | PE https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/pe-mouse-anti-mouse-h-2kb.561072?tab=product_details

CD3[ | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd3epsilon-antibody-13695

CD3[ | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-cd3epsilon-antibody-13684

CD4 | BUV737 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv737-rat-anti-mouse-cd4.612844 ?tab=product_details

CD25 | BUV395 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv395-rat-anti-mouse-cd25.564022?tab=product_details

CD44 | APC-R700 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-
color-antibodies-ruo/apc-r700-rat-anti-mouse-cd44.565480?tab=product_details

CD62L | BV711 https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-cd62l-antibody-10317

CD326 (Ep-CAM) | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd326-ep-cam-antibody-5303
CD40 | APC https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/apc-rat-anti-mouse-cd40.558695?tab=product_details
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CD80 | BV421 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv421-hamster-anti-mouse-cd80.562611?tab=product_details

CD86 | BV785 https://www.biolegend.com/en-us/products/brilliant-violet-785-anti-mouse-cd86-antibody-12818

CD274 (PD-L1) | BV421 https://www.biolegend.com/en-us/products/brilliant-violet-421-anti-mouse-cd274-b7-h1-pd-I11-
antibody-7250

CD205 (DEC-205) | BV421 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/bv421-rat-anti-mouse-cd205-dec-205.566376?tab=product_details

Axl | APC https://www.thermofisher.com/antibody/product/Ax|-Antibody-clone-MAXL8DS-Monoclonal/17-1084-82

CD131 | BV421 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv421-rat-anti-mouse-cd131.740050?tab=product_details

CCR7 | Biotin https://www.thermofisher.com/antibody/product/CD197-CCR7-Antibody-clone-4B12-Monoclonal/13-1971-82

CD24 | BV615 https://www.bdbiosciences.com/en-lu/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv615-rat-anti-mouse-cd24.752769/?tab=product_details

CD40 | BV750 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv750-rat-anti-mouse-cd40.746970?tab=product_details

CD80 | BUV563 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv563-hamster-anti-mouse-cd80.741272?tab=product_details

CD86 | BV510 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/bv510-rat-anti-mouse-cd86.745059?tab=product_details

MHCII (I-A/I-E) | Alexa Fluor 700 https://www.biolegend.com/en-us/products/alexa-fluor-700-anti-mouse-i-a-i-e-antibody-3413
CD274 (PD-L1) | BV605 https://www.biolegend.com/en-us/products/brilliant-violet-605-anti-mouse-cd274-b7-h1-pd-I11-
antibody-9853

CXCR3 (CD183) | PE https://www.biolegend.com/en-us/products/pe-anti-mouse-cd183-cxcr3-antibody-4592

CD45.1 | BV785 https://www.biolegend.com/en-us/products/brilliant-violet-421-anti-mouse-cd45-1-antibody-7255

CD45.2 | BV650 https://www.biolegend.com/en-us/products/brilliant-violet-650-anti-mouse-cd45-2-antibody-7849

CD45 | BV785 https://www.biolegend.com/en-us/products/brilliant-violet-785-anti-mouse-cd45-antibody-10636

CD45 | BUV395 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv395-rat-anti-mouse-cd45.564279?tab=product_details

CD3 | PE/Cy7 https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd3-antibody-6060

TCRVE2 | APC https://www.biolegend.com/en-us/products/apc-anti-mouse-tcr-valpha2-antibody-4851

CD279 (PD-1) | BV711 https://www.biolegend.com/en-us/products/brilliant-violet-711-anti-mouse-cd279-pd-1-antibody-12303
Granzyme B | FITC https://www.biolegend.com/en-us/products/fitc-anti-human-mouse-granzyme-b-antibody-6066

IFNy | BUV737 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-
antibodies-ruo/buv737-rat-anti-mouse-ifn.612769?tab=product_details

TNFRE | BV605 https://www.biolegend.com/en-us/products/brilliant-violet-605-anti-mouse-tnf-alpha-antibody-7682

TIM-3 (CD366) | BUV395 https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/buv395-mouse-anti-mouse-cd366-tim-3.747620?tab=product_details

Ly108 (SLAMF6) | APC https://www.thermofisher.com/antibody/product/Ly-108-Antibody-clone-eBio13G3-19D-13G3-19D-
Monoclonal/17-1508-82

FOXP3 | FITC https://www.thermofisher.com/antibody/product/FOXP3-Antibody-clone-FJK-16s-Monoclonal/11-5773-82

TCF1 | AF488 https://www.cellsignal.com/products/antibody-conjugates/tcf1-tcf7-c63d9-rabbit-mab-alexa-fluor-488-
conjugate/64447srsltid=AfmB00qg-S19shYKCOk-X7Taxfp80_cQFb4hufSHsvLgKlyZBzLLatrwQ

TCF1/TCF7 https://www.cellsignal.com/products/primary-antibodies/tcf1-tcf7-c63d9-rabbit-mab/2203?
srsltid=AfmBOorgLPAM9ZI40W20RS_I1qQEQIQelGyX4RyKX1tCrrx_6Dc-EoHV

Donkey anti-rabbit IgG | AF488 https://www.biolegend.com/en-us/products/alexa-fluor-488-donkey-anti-rabbit-igg-minimal-x-
reactivity-9380

T-bet | APC https://www.thermofisher.com/antibody/product/T-bet-Antibody-clone-eBio4B10-4B10-Monoclonal/17-5825-82
Bcl-xL | PE https://www.cellsignal.com/products/antibody-conjugates/bcl-xI-54h6-rabbit-mab-pe-conjugate/138357?
srsltid=AfmBOoqqYXpTHPx-1SqZ83zP4s)of TF-Fo7nXx-PRAHWphADréHnfnBk

Phospho-S6 Ribosomal Protein (Ser235/236) | PE https://www.cellsignal.com/products/antibody-conjugates/phospho-s6-ribosomal-
protein-ser235-236-d57-2-2e-xp-rabbit-mab-pe-conjugate/53167?
srsltid=AfmBOooM3vTibclL7n5zh2wZTt4xh3XSOzhLbYQW_OCLETvcTo6179b3f

Phospho-Akt (Ser473) | PE https://www.cellsignal.com/products/antibody-conjugates/phospho-akt-ser473-d9e-xp-rabbit-mab-pe-
conjugate/5315?srsltid=AfmBOopa2028R2_4TGuT8Grxgh6l1PINIeOB6TMh_QGhCK8RzwrbWwgQV

Phospho-4E-BP1 (Thr37/46) | PE https://www.cellsignal.com/products/antibody-conjugates/phospho-4e-bp1-thr37-46-236b4-
rabbit-mab-pe-conjugate/7547?srsltid=AfmBOo0g-7xaYmA9pWINPWggtlkhaKactb7Zn_uZzsH7P4coeNfxOM1LY

Phosph-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) | PE https://www.cellsignal.com/products/antibody-conjugates/phospho-p44-42-
mapk-erk1-2-thr202-tyr204-197g2-rabbit-mab-pe-conjugate/14095?
srsltid=AfmBOoovmodzNuPsx6yrbJ8pu-15hiFAmzL80dZelDtGIUJwOdKgazX

Phosph-Stat5 (pY694) | PE https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/pe-mouse-anti-stat5-py694.562077?tab=product_details

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

MC38, Cornelis J.M. Melief, Leiden University, The Netherlands

EO771, ATCC (CRL-3461™)

B16F10, ATCC (CRL-6475™)

MC38-0OVAdim and B16F10-OVA, Vijay Kumar Kuchroo, Harvard University, DOI: 10.1038/s41586-021-03626-9
B16F10-OVA-ZsGreen: B16F10-OVA (from Vijay Kumar Kuchroo, Harvard University, DOI: 10.1038/s41586-021-03626-9 )
expressing ZsGreen was constructed in the lab by using lentiviral transduction of LV-EF1a-ZsGreen-IRES-Puro (SL100336,
Signagen Laboratories) and sorted by FACS based on the expression of ZsGreen
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Authentication

The cell lines used were not authenticated.

Mycoplasma contamination All tumor lines were routinely tested for mycoplasma by PCR and all tests were negative.

Commonly misidentified lines  No commonly misidentified cell lines were used.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

The following mice were obtained from The Jackson Laboratory (Bar Harbor, ME): Adult 8- to 10-week-old male wild-type BALB/cJ
(H-2Kd) (Jackson, 000651) and C57BL/6J (H-2Kb) (Jackson, 000664), B6.129S(C)-Batf3tm1Kmm/J (Batf37/~) (Jackson, 013755),
B6.129P2(C)-Ccr7tm1Rfor/J (Ccr7-) (Jackson, 006621), Zbtb46 tm1.1Kmm/J (Zbtb46gfp) (Jackson, 027618), BEN(12954)-Mafbtm1.1
(cre) Kmm/J (MafB-mCherry-Cre) (Jackson, 029664), C57BL/6-Tg (CAG-OVA) 916Jen/J (Act-mOVA) (Jackson, 005145), C57BL/6-
Tg(TcraTerb)1100Mjb/J (OT-1) (Jackson, 003831), C57BL/6-Tg (TcraTcrb) 425Chn/) (OT-11) (Jackson, 004194), B6.129(Cg)-
Foxp3tm3(HBEGF/GFP)Ayr/J (Foxp3DTR) (Jackson, 016958), CByJ.SJL(B6)-Ptprca/) (CD45.1) (Jackson, 006584) and H2-Ab1fl
(B6.129X1-H2-Abl1tm1Koni/J) (Jackson, 013181). FOXP3DTR/DTR98 were cross bred with CD45.1 to generate CD45.1/CD45.1
FOXP3DTR/DTR. OT-I or OT-ll mice were cross bred with CD45.1 to generate CD45.1/CD45.1 OT-I or OT-Il mice. Eporflox/flox mice50
(provided by Hong Wu, University of California, Los Angeles and Peking University), Epor-TdTomato-Cre mice was generated as
previously described45, Xcr1Cre-mTFP1 mice (provided by Bernard Malissen, Centre d’ Immunologie de Marseille-Luminy, Marseille,
France), which were generated with JM8.F6 ES cells and were originally on a C57BL6/N background. They were then backcrossed for
more than eight generations onto C57BL6/J mice, resulting in a pure C57BL6/) background before breeding with flox/flox mice.
Eporflox/flox mice were generated on an Sv129/C57BL/6 background and were backcrossed onto the C57BL6/J strain for more than
eight generations before crossed with Xcr1Cre-mTFP1 to generate cDC1-specific Epor genetically deleted (EporAXcrl) mice. Gender-
matched littermates of EporAXcrl and Eporflox/flox were utilized for each experiment. EporAXcrl did not develop anemia,
maintained normal levels of RBCs (7-10 million per microliter), hematocrit (40-50%), hemoglobin (12-15 g/dL) and reticulocytes
(1-6%) in peripheral blood and displayed no differences in these parameters in comparison with Eporflox/flox mice. Itgh8flox/flox12,
Itgb8AXcr, Aldhla2flox/flox and Aldh1a2ACD11c, 2W1S52—68-expressing BALB/c (H-2Kd) have been previously described.
EportdTomato/tdTomato mice were bred with Zbtb46GFP/GFP to generate dual-color reporter Zbtb46GFP/+EportdTomato/+.
EportdTomato/tdTomato mice were bred with Ccr7-/- or Batf3-/- mice to generate Ccr7-/-EportdTomato/+ or Batf3-/
-EportdTomato/+ mice. BM cells from BALB/cJ (H-2Kd) or 2W1S52-68-expressing BALB/c (H-2Kd) mice were used for determining
BM chimerism following combined allogeneic heart and BM transplantation. Newborn BALB/cJ (H-2Kd) mice as allogeneic heart
donors were obtained from Charles River Laboratories.

Study did not involve wild animals.

MC38 and MC38-OVAdim were implanted into male mice, and B16F10, B16F10-OVA and EO771 were implanted into female mice.
For all other experiments, both females and males were used at random, and the results revealed no differences based on sex.

Study did not involve field-collected samples.

Mice were housed in animal facilities approved by the association for the Assessment and Accreditation of laboratory Care.
Experimental procedures in mouse studies were approved by the institutional Animal Care and Use Committee (IACUC) at Stanford
University (animal protocol APLAC-28636 and 17466) and performed in accordance with the guidelines from animal facility of
Stanford University and were maintained in specific pathogen-free conditions.. Animals were housed with a 12:12 light-dark cycle,
with temperature 20-26°C, and humidity 30-70%.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks

Novel plant genotypes

Authentication

None.

None.

None.
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Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Spleens were minced and digested in 5 ml Iscove’s modified Dulbecco’s media + 10% FCS (cIMDM) with 250 ug/ml
collagenase D (Worthington) and 30 U/ml DNase | (Sigma-Aldrich) for 30 min at 37°C with stirring. Cells were passed through
a 100-um strainer before red blood cells were lysed with RBC lysis buffer (420302, BioLegend). 5-10 x 106 cells were used per
antibody staining reaction.

Lymphocyte and dendritic cell isolation from LNs

LNs were suspended in cold RPMI supplemented with 10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 100 units
per ml of penicillin, 100 pg/ml of streptomycin sulfate, 1 mM sodium pyruvate, 0.1 mM non-essential amino acids, 10 mM
HEPES (all from Gibco), and 50 uM B mercaptoethanol (21985023, Gibco). LNs were finely chopped and incubated in
LiberaseTM TM (200ug/ml, 5401119001, Roche/Millipore Sigma) and DNasel (30 pg/ml; D2821, Sigma-Aldrich) in
supplemented RPMI for 25 min at 37°C, 5% CO?2. Single cell suspensions were extracted from connective tissue by taking up
and resuspending the digests five times.

Brain, Skin, Lung, Mammary tissue digestion and cell isolation

Brain: Mice were anesthetized and intracardially perfused with 20 mL Dulbecco’s phosphate-buffered saline (DPBS, pH
7.3-7.4). The brain was then excised. Mechanical dissociation of the brain was performed at 40C using a 10 mL Dounce
homogenizer and a loose pellet. The homogenate was filtered into a 50 mL conical tube using a 70 BIM filter. The filtered
homogenate was centrifuged at 300g for 5 min at 4°C. The pellet was resuspended in 10 mL of 30% Percoll (P1644,
MilliporeSigma) in complete Hanks’ Balanced Salt Solution (HBSS) (14025092, Gibco) and centrifuged. This Percoll step was
repeated a second time. The resulting pellet was then resuspended in complete HBSS for flow cytometry staining.

Whole skin: Ears were harvested and finely cut with scissors in at least 5ml/4cm?2 of skin with LiberaseTM TM (200ug/ml,
5401119001, Roche/Millipore Sigma) and deoxyribonuclease | (30 pug/ml; D2821, Sigma-Aldrich) in HBSS (+calcium and
magnesium). The suspensions were digested at 370C for 1.5- 2 h (under agitation) and then filtered through a 100-um nylon
strainer.

Lung: Lungs were harvested, cut into small fragments, and digested for 45 min at 37°C with collagenase A (0.6 mg/ml;
10103586001, Sigma-Aldrich) and deoxyribonuclease | (30 pug/ml; D2821, Sigma-Aldrich) in RPMI 1640 medium (Gibco).
Digested lungs were mechanically disrupted to obtain single-cell suspensions. Red blood cells were lysed using RBC lysis
buffer (420302, BioLegend). Cell suspensions were then filtered through a 100-um nylon strainer.

Mammary tissue: The mammary fat pad containing glands was meticulously dissected into small fragments and subjected to
enzymatic digestion for 20 minutes at 37°C in a CO2-independent medium (Gibco). The remaining tissue pieces were meshed
obtain single-cell suspensions. Red blood cells were lysed using RBC lysis buffer (420302, BioLegend). Cell suspensions were
then filtered through a 100-um nylon strainer.

Lymph node and tumor tissue digestion

Tumor draining lymph nodes (tdLNs) were finely minced into small pieces about 1-2 mm in size and placed in RPMI-1640
medium containing 1 mg/ml Collagenase IV (Worthington, LS004188), 10 ug/ml DNAse | (Roche, 11284932001), and 3% FBS.
The samples were incubated at 37°C for 30 min with stirring. Similarly, the tumor tissues were cut into small pieces about 1-2
mm in size and placed in RPMI-1640 medium containing 1 mg/ml Collagenase IV, 20 ug/ml DNAse |, and 3% FBS. The samples
were then incubated on a shaker at 37°C for 40 mins. After digestion, the cell suspension was smashed and filtered through a
100 um filter for subsequent staining.

Flow cytometry was performed on a LSRFortessa X-20 or FACSymphony™ A5 Cell Analyzer (BD Biosciences).

Flow cytometry was performed on a LSRFortessa X-20 or FACSymphony™ A5 Cell Analyzer (BD Biosciences) with BD FACSDiva
(version8), and data were analyzed with FlowJo 10.10.0 software (TreeStar).

The purities of the sorted cells were more than 98% as determined by flow cytometry.
For all experiments, FSC-A vs. SSC-A gates were used to identify population targeted viable cells. Singlet cells were separated

from doublets using FSC-A vs. FSC-H gating. Live viability dye was used to eliminate dead cells. Target populations were
further determined by specific antibodies, which were able to distinguish from negative populations.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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