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RORγt eTACs mediate oral tolerance and Treg
induction
Im-Hong Sun1,2*, Anita E. Qualls2*, Han S. Yin2*, Jiaxi Wang2*, Matthew P. Arvedson2, Joe Germino2, Nolan K. Horner1,2,
Sheng Zhong1,2, Juan Du1,2, Martin Valdearcos2, Vasilis Ntranos2,3, Richard M. Locksley4,5,6, Roberto R. Ricardo-Gonzalez7, and
James M. Gardner1,2

The immune system must distinguish pathogens from innocuous dietary antigens, but the precise mechanisms and cellular
actors remain unclear. Here, we demonstrate that RORγt-lineage APCs are required for oral tolerance. Using lineage tracing and
single-cell sequencing, we show these APCs consist of three principal populations: type 3 innate lymphoid cells (ILC3s),
RORγt-lineage dendritic cells, and cells expressing Aire called RORγt eTACs (R-eTACs)—also known as Janus or Thetis cells.
We show that R-eTACs, but not ILC3s, are required for oral tolerance induction. We find R-eTACs are of probable myeloid origin
and uniquely express integrin β8 (Itgb8). Both MHCII and Itgb8 expression in RORγt-lineage cells are necessary to induce
food-specific regulatory T cells. Mice lacking R-eTACs or with deletion of MHCII or Itgb8 in the RORγt lineage fail to generate
Tregs and instead develop a T-follicular helper response with elevated antigen-specific antibodies. These findings establish
R-eTACs as critical mediators of oral tolerance and suggest novel cellular targets to modulate immune tolerance.

Introduction
Food allergies are increasingly prevalent worldwide, but effec-
tive treatments and prevention strategies are lacking (Dunlop
and Keet, 2018; Garkaby et al., 2021; Vale et al., 2021). While it is
known that food allergy arises from inappropriate immune re-
activity to orally digested dietary antigens, there is limited
understanding of oral tolerance mechanisms and the APC
populations involved. Conventional dendritic cells (cDCs) have
been suggested as key players in tolerance against both com-
mensal and dietary antigens via induction of antigen-specific
regulatory T cells (Tregs) in the mesenteric lymph nodes
(mLN) (Coombes et al., 2007; Esterházy et al., 2016, 2019;
Loschko et al., 2016; Mazzini et al., 2014; Pabst andMowat, 2012;
Worbs et al., 2006). However, recent reports suggest that
RORγt+ APCs, not cDCs, induce tolerance to intestinal com-
mensal bacteria and are specifically required for the peripheral
induction of RORγt+ Tregs (Akagbosu et al., 2022; Kedmi et al.,
2022; Lyu et al., 2022a). We thus sought to determine whether
and which RORγt-lineage APCs are also involved in the induc-
tion of oral tolerance and better define their identity, lineage,
and taxonomy.

We and others have recently described unique APC pop-
ulations that express varied levels of Aire and RORγt and high

levels of major histocompatibility complex class II (MHCII) re-
ferred to by several names including Janus cells (JCs) (Wang
et al., 2021), Thetis cells (TCs) (Akagbosu et al., 2022), Aire+

ILC3 or ILC3-like cells (Yamano et al., 2019; Dobeš et al., 2022),
and RORγt+ eTACs (Abramson et al., 2023). We have previously
shown eTACs to be capable of inducing cognate CD4 and CD8
T cell tolerance (Gardner et al., 2008, 2013; Wang et al., 2021).
Recently, the term “RORγt+ eTACs” was suggested as a consen-
sus nomenclature for this population (Abramson et al., 2023)
and will be utilized here, with the understanding that this re-
mains an actively evolving field. We show that RORγt-lineage
APCs induce oral antigen-specific Treg differentiation while
suppressing T follicular helper cell (Tfh) development. We uti-
lize lineage tracing and single-cell sequencing to show that
RORγt eTACs (R-eTACs), innate lymphoid cells (ILCs)/lymphoid
tissue inducer cells (LTis), and subsets of dendritic cells (DCs)
are the three principal RORγt-lineage APC populations in mouse
secondary lymphoid organs (SLOs), and are consistent across
both age and location. While ILCs and LTis are of lymphoid
lineage, mixed bone marrow chimera (BMC) studies using ge-
netic knockout models reveal that R-eTACs are of myeloid lin-
eage. Further, while mice lacking MHCII in all RORγt-lineage
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APCs have impaired dietary antigen-specific Tregs and develop
an exaggerated antibody response to food antigens, this can be
fully rescued by bonemarrow (BM)with functional R-eTACs but
lacking ILCs/LTis. In contrast, in mice with selectively depleted
R-eTACs, defects in oral tolerance persist. This process is inde-
pendent of the Aire gene itself, but depends on integrin β8,
which is highly enriched on R-eTACs. These findings highlight
the critical role of R-eTACs in maintaining immune tolerance to
dietary antigen, with potential implications for allergy and
inflammation.

Results
RORγt-lineage APCs mediate oral tolerance to food antigen
Recent reports have demonstrated the essential role of antigen
presentation by RORγt-lineage APCs in the induction of Tregs
against commensal bacteria in the gut using RORγtCre×MHCIIfl/fl

(MHCIIΔRORγt) mice (Akagbosu et al., 2022; Hepworth et al.,
2013, 2015; Kedmi et al., 2022; Lyu et al., 2022a). Like com-
mensal tolerance, the immune system must also recognize and
tolerate food antigens to prevent allergy, and thus, we sought to
understand whether RORγt-lineage APCs are also crucial for
inducing oral tolerance to dietary antigens. To monitor T cell
responses against food, we adoptively transferred naı̈ve OT-II
CD4+ T cells—specific for model dietary antigen chicken oval-
bumin (OVA)—into wild-type (WT) or MHCIIΔRORγt mice (Fig. 1
A). After 2 days of OVA feeding via oral gavage, we harvested the
mLN, a site critical for T cell priming in the induction of toler-
ance to food antigens (Worbs et al., 2006). Compared to WT
controls, MHCIIΔRORγt mice had diminished RORγt+ and RORγt−

Tregs in OT-IIs (Fig. 1, B and C, gating strategy, Fig. S1 A). The
induction of anergic T cell clones has also been implicated in oral
tolerance (Chen et al., 1995; Friedman and Weiner, 1994; Hong
et al., 2022), and indeed, MHCIIΔRORγt mice exhibited decreased
percentages of FR4+CD73+ anergic OT-IIs (Fig. S1 B). Consistent
with previous reports, MHCIIΔRORγt mice had decreased endog-
enous RORγt+ Tregs and increased endogenous T helper 17
(Th17) cells, while endogenous RORγt− Tregs were not different
from WT controls (Fig. S1 C). After 7 days of OVA feeding,
MHCIIΔRORγt mice had a similarly reduced percentage of OT-II
Tregs and, interestingly, elevated Tfh cells in both the mLN and
Peyer’s patches (PP) (Fig. 1, D and E, gating strategy, Fig. S1 D).

MHCIIΔRORγt mice develop gut dysbiosis in adulthood due
to the absence of functional APC populations in early life
(Akagbosu et al., 2022; Hepworth et al., 2013, 2015), which could
impair oral tolerance simply as a secondary effect of generalized
gut inflammation. To account for this, we generated BMCs with
either WT or MHCIIΔRORγt BM, such that these mice would have
a normal gut immune environment during the early-life win-
dow. Indeed, after 8 wk of reconstitution followed by 7 days of
OVA feeding, MHCIIΔRORγt BMC mice had equivalent colon
lengths to WT BMCmice (Fig. S1 E, top), no rectal prolapse (data
not shown), and normal proportions of endogenous Th17 cells
(Fig. S1 E, bottom). However, these mice retained profound
defects in oral tolerance to dietary antigen, as OT-II RORγt+ and
RORγt− Tregs were significantly abolished in the mLN, PP, and
small intestine lamina propria (siLP) (Fig. S1 F). Anergic OT-II

T cells were also diminished across these organs, and OT-II Tfh
cells were elevated in the mLN and PP (Fig. S1, F and G). In-
terestingly, OVA-specific Gata3+ Tregs were also diminished in
the siLP of MHCIIΔRORγt mice (Fig. S1 H). These findings dem-
onstrate that RORγt-lineage APCs are crucial for establishing
tolerance against oral antigens via the induction of dietary
antigen-specific Tregs.

Reconciling the diversity of RORγt-lineage APC populations
Previous attempts to define RORγt-lineage APC populations
have used a range of genetic tools—largely transcriptional re-
porters for Rorc and Aire—but none have directly traced all
RORγt-lineage APCs to establish consensus identities for the
populations potentially responsible for the observed conditional
knockout phenotypes. Thus, we performed next-generation gel
bead-in emulsion (GEM-X) single-cell RNA sequencing (scRNA-
seq) analysis on all RORγt-lineage APCs in mouse SLOs. We
procured mLN, spleen, and other lymph nodes (LNs; cervical,
inguinal, axillary, brachial, and para-aortic) from adult RORγt-
lineage mice (RORγtCre×Rosa26-LSL-tdTomato) and FACS-sorted
tdTomato+ MHCII+ cells for subsequent scRNA-seq.

We found that RORγt-lineage APCs consist of three main
populations: ILCs/LTis, R-eTACs (previously referred to as JCs,
TCs, and ILC3/ILC3-like Aire+ cells), and RORγt-lineage DCs
(R-DCs) (Fig. 2 A; and Fig. S2, A and B). All populations were
enriched for tdTomato (tdTmt) reporter transcript, while only
R-eTACs have appreciable levels of Aire-GFP reporter and Aire
gene transcript (Fig. S2 C). R-eTACs were distributed across all
SLOs and not unique to the mLN, contrary to previous reports
(Akagbosu et al., 2022) (Fig. S2, D and E). R-DC subsets consist of
Xcr1+ Itgaxhi R-cDC1s, Sirpa+ Itgaxhi R-cDC2s, and Ccr7+ Itgaxlo

R-migratory DCs (R-mDC).
R-eTACs were defined as transcriptionally distinct clusters

expressing varied levels of Aire and Rorc, as previously described
(Kedmi et al., 2022; Wang et al., 2021). Aire expression is highest
in R-eTAC1s and R-eTAC3s, while Rorc expression is highest in
R-eTAC2s. Using this high-resolution approach, additional sub-
populations of proliferating R-eTACs (Mki67+) and LTi-like-R-
eTACs (Cd4+ Cxcr6+) were identified, which also expressed Aire
and Rorc (Fig. 2, B and C). The expression of Itgav and Itgb8 has
been shown to be critical for RORγt+ APCs to induce commensal-
specific Tregs (Akagbosu et al., 2022; Kedmi et al., 2022), and
here, we found Itgav and Itgb8 expression highly enriched in
R-eTACs, as well as in R-mDCs. All RORγt-lineage APCs also
express some levels of Icosl, with R-eTAC subsets expressing the
highest levels, which has potential relevance for Tfh interactions
(Fig. S2 F). In addition, recent publications have highlighted
several key markers including Prdm16, Thrb, Il4i1, and Ube2e2
that identified tolerogenic, RORγt-expressing APCs in both hu-
mans and mice (Ulezko Antonova et al., 2023; Fu et al., 2025;
Narasimhan et al., 2025) (Fig. 2 B). Strikingly, among RORγt-
lineage APCs, these markers are highly and specifically enriched
in R-eTACs, supporting that these represent the same or similar
populations. Prdm16 in particular, which has been reported to
have a functional role in RORγt APC-mediated oral tolerance (Fu
et al., 2025), is exclusively expressed in R-eTACs among RORγt-
lineage APCs, and shows the highest expression in R-eTAC2s and
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R-eTAC3s (Fig. 2 B and Fig. S2 F). While distinct R-eTAC sub-
populations have unique transcriptional signatures (Fig. 2 D and
Table S1), they all share expression of Aire and this core gene set
as well as transcriptional homology to both DCs (Fig. S2 G) and

Aire-expressing medullary thymic epithelial cells (mTECs) (Fig.
S2 H) as previously described (Wang et al., 2021).

We next carried out parallel characterization of RORγt-
lineage MHCII+ populations in early life (2-wk-old mice) by

Figure 1. RORγt-lineage APCsmediate oral tolerance to food antigen. (A) Schematic of oral tolerance experimental design. Näıve OT-II cells were isolated
from spleen and LNs (inguinal, axillary, and brachial) with magnetic column depletion. 0.5–1 × 106 cells were retro-orbitally transferred into WT or MHCIIΔRORγt

mice. 50 mg of OVA was gavaged at the indicated time points and harvested 2 or 7 days after first gavage. (B and C) Flow cytometry (B) and quantification of
Cell Proliferation Dye (CPD)lo OT-II (C) in WT and MHCIIΔRORγt mLN after 2 days of oral OVA (n = 3 in each group). The bar graph shows RORγt+ Treg
(RORγt+FoxP3+) and RORγt− Treg (RORγt−FoxP3+). (D) Quantification of CPDlo OT-II in WT and MHCIIΔRORγt mLN after 7 days of oral OVA (n = 5 in each group).
Tfh was gated as CXCR5+PD1+. (E) Quantification of CPDlo OT-II in WT and MHCIIΔRORγt PP after 7 days of oral OVA. Data in B–E are representative of two to
three independent experiments. Error bars: mean ± SEM; statistics were calculated by unpaired two-sided t test; *P < 0.05, **P < 0.005, ****P < 0.0001.
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Figure 2. Reconciling the diversity of RORγt-lineage APC populations. (A–D) Spleen, mLN, and other LNs (cervical, inguinal, axillary, brachial, and para-
aortic) from adult RORγt-lineage mice (RORγtCre×Rosa26-LSL-tdTmt) were harvested, digested, magnetically depleted of T and B cells, FACS-sorted (tdTmt+
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scRNA-seq and found high concordance between these pop-
ulations and their adult counterparts (Fig. 2 E, right and Fig. S2
I). Due to recent confusion around RORγt+ APCs, including
varied nomenclature and sorting strategies, we next utilized
single-cell variational inference (scVI) to merge and cluster all
previously published single-cell data on RORγt+ APCs (Akagbosu
et al., 2022; Kedmi et al., 2022; Lyu et al., 2022a; Wang et al.,
2021) with our combined adult and 2-wk-old data. These merged
data demonstrate high transcriptional homology across all da-
tasets despite distinct sorting approaches, with R-eTAC1-3 cor-
responding closely to eTACs I/II, JC 1–3, and TC I–III. Only TC IV
lacked concordance as this population was not found in our data
or others (Fig. 2 E and Fig. S2 J).

Of note, our lineage-tracing approach uniquely captured
R-DC subsets (R-cDC1, R-cDC2, and R-mDCs) in both our adult
and early-life scRNA-seq data. These R-DCs were likely not
captured in prior efforts using reporter- and not lineage-based
approaches as they are Aire- and Rorc-negative. The presence of
tdTmt transcript in these populations, while of lower frequency,
suggests they are true RORγt-lineage APCs and not simply ac-
quiring tdTomato protein secondarily, though we cannot rule
out some contamination from secondary fluorophore acquisi-
tion. Thus, in summary we have identified ILCs/LTis, R-eTACs,
and R-DCs as the principal populations of RORγt-lineage APCs
in mouse SLOs, encompassing the landscape of putative pop-
ulations responsible for the induction of oral tolerance.

R-eTACs are antigen-presenting cells of putative
myeloid lineage
To validate the identity of these RORγt-lineage APC populations
identified by scRNA-seq, and to specifically identify R-eTACs,
we analyzed the previously described RORγtCre×Aire-GFP re-
porter×Rosa26-LSL-tdTmt mouse (Wang et al., 2021) by flow
cytometry, which allows tracing of cells actively expressing Aire
by GFP expression and all RORγt-lineage cells by tdTmt. We
identified the major subsets of cells identified by our scRNA-seq
data using the following gating strategy: ILCs/LTis (tdTmt+

MHCII+ CXCR6± CD90.2±), R-eTAC1/3 (tdTmt+ MHCII+ CXCR6−

CD90.2− CD11clo), R-eTAC2 (tdTmt+ MHCII+ CXCR6− CD90.2−

CD11chi RORγt+), and R-DCs (tdTmt+ MHCII+ CXCR6− CD90.2−

CD11chi RORγt−) (Fig. 3 A). Additionally, we found we could
further dissect R-eTAC1s and R-eTAC3s based on EpCAM and
CCR7 expression (Fig. S3 A) and R-DCs into R-cDCs and R-mDCs
based on CCR7, XCR1, and SIRPα expression (Fig. S3 B), consis-
tent with our scRNA-seq data. We were also able to validate
intracellular Aire staining of eTACs by flow cytometry (Fig. S3
C) and further quantified the composition of Aire-GFP reporter
and Aire protein positive cells out of all RORγt-lineage APCs.
These data confirm that R-eTACs are the dominant population
expressing both Aire reporter and protein (Fig. 3 B).

Complementarily, we found that the majority of extrathymic
Aire protein-expressing cells are of the RORγt lineage (Fig. 3 C)
and express RORγt protein (Fig. S3 D). Our single-cell analysis
showed that diverse R-eTAC subsets are present not just in the
mLN, but also in the other SLOs (Fig. 3 D). We also validated this
by flow cytometry, finding that by cell number, R-eTACs are
most abundant in mesenteric and skin-draining LNs but present
in all SLOs, supporting their potential tolerogenic roles in di-
verse tissues. Interestingly, the PP, siLP, and colonic lamina
propria almost entirely lacked R-eTACs (Fig 3 E), though this
does not exclude the presence of related, non-Aire-expressing
R-eTACs in these sites (Fu et al., 2025). By gating GFP+ tdTmt+

cells from all pooled LNs, we found that R-eTACs are enriched in
early life between 2 and 3 wk of age, decline moderately after
weaning, but persist into late adulthood (Fig. S3 E), concordant
with prior findings (Akagbosu et al., 2022).

Next, we sought to determine the antigen processing and
presentation ability of R-eTACs by coculturing them with näıve
OT-II and whole OVA protein. R-eTACs were sorted from SLOs
as GFP+tdTmt+, along with control GFP−tdTmt−CD11c+ DC pop-
ulations, and cocultured with whole OVA protein or OVA pep-
tide for 72 h. R-eTACs were able to process and present OVA and
induce OT-II proliferation to a similar extent as control GFP−

DCs (Fig. 3 F and Fig. S3 F), suggesting they function as bona fide
APCs. Interestingly, R-eTACs also induced markedly higher
frequency of FoxP3+ OT-II Tregs compared with DCs, supporting
their putative tolerogenic capabilities (Fig. 3 G).

We have previously shown that R-eTACs are transcription-
ally most similar to migratory DCs (Wang et al., 2021), but their
hematopoietic lineage remains unclear. Indeed, extrathymic
RORγt+Aire+ cells were first described as ILC3-like cells
(Yamano et al., 2019), with potential interconversion between
ILCs and R-eTACs suggested (Lyu et al., 2022b, Preprint). To
determine whether R-eTACs share a lymphoid lineage with
ILCs, we utilized Il7r−/− mice, which lack common lymphoid
progenitors and fail to generate both lymphocytes and ILCs
(Peschon et al., 1994). We generated mixed BMC mice with WT
and Il7r−/− BM at a 1:2 ratio and quantified both lymphoid and
myeloid cell subsets in the LNs 8 wk after reconstitution. As
expected, Il7r−/− BM failed to give rise to ILCs but retained
comparable proportions of DCs. Surprisingly, Il7r−/− BM also
gave rise to normal proportions of R-eTACs, suggesting that this
population is likely not of lymphoid lineage or does not pass
through a common lymphoid progenitor stage, contrary to
previous suggestions (Paucar Iza and Brown, 2024) (Fig. 3 H). By
gating Aire+ R-eTAC1s and eTAC3s based on EpCAM and CCR7
staining, we further confirmed that Il7r−/− BM retains intact in
R-eTAC subsets (Fig. S3 G). We independently confirmed these
findings in a parallel mixed BMC model using Rag2−/−Il2rg−/−

mice, which also lack adaptive lymphocytes and ILCs (Cao et al.,

MHCII+), and subjected to single-cell sequencing. (A) Reduced dimensionality representation of our adult scRNA-seq data with annotated cell clusters.
(B) Select gene expression in RORγt-lineage APC subsets. (C) Top: Reduced dimensionality representation of R-eTAC and R-DC subsets. Bottom: Gene ex-
pression of Aire and Rorc in those subsets. (D) Differential gene expression heatmap of RORγt-lineage APC subsets. (E) Top: Integrated UMAP of all available
RORγt-lineage APC single-cell data, including Wang et al. (2021), Lyu et al. (2022a), Kedmi et al. (2022), Akagbosu et al. (2022), and our 2-wk-old data (left to
right). Bottom: Corresponding CellTypist projections onto our adult scRNA-seq data.
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Figure 3. R-eTACs are antigen-presenting cells of putative myeloid lineage. (A) Flow cytometry plots showing the gating of R-eTAC1/3, R-eTAC2, R-DC,
and ILCs/LTis isolated from LNs of RORγt-lineage tracing with Aire reporter mice (RORγtCre×Aire-GFP reporter×Rosa26-LSL-tdTmt). (B) Quantification of the
composition of R-eTACs, R-DCs, and ILCs/LTis among Aire reporter (top) or Aire protein (bottom)-positive cells out of tdTmt+MHCII+ gate in the RORγt-lineage
tracing with Aire reporter mice (n = 8). (C) Flow cytometry of cells isolated from LNs in RORγt lineage–tracing mice pre-gated on single, live, Lin−

(SiglecF−CD3−B220−Ly6G−NK1.1−F4/80−). (D) Distribution of R-eTAC subsets across different organs in our adult scRNA-seq data. (E) Flow cytometry
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1995). Here again, ILCs were not found among the populations
derived from the Rag2−/−Il2rg−/− BM, while R-eTACs devel-
oped normally and showed no difference between WT and
Rag2−/−Il2rg−/− BM (Fig. S3 H). There was also no significant
difference in R-eTAC1 and R-eTAC3 subsets between WT and
Rag2−/−Il2rg−/− BM (Fig. S3 I). Of note, the absolute number of
R-eTACs, DCs, and all populations derived from Il7r−/− or
Rag2−/−Il2rg−/− BM was lower than the WT counterpart BM,
suggesting an overall defect in homeostatic proliferation in the
absence of signaling through these pathways.

Given the transcriptional homology between R-eTACs and
migratory DCs (Akagbosu et al., 2022; Ulezko Antonova et al.,
2023; Poliani et al., 2010; Wang et al., 2021), we next sought to
address whether R-eTACs migrate to LNs in response to in-
flammation (Narasimhan et al., 2025). 24 h after neonatal gavage
of TLR7/8 agonist R848, which has been shown to effectively
induce DC migration (Yrlid et al., 2006), R-eTAC and DC per-
centages increased fourfold in the mLN, while ILCs did not
change (Fig S3 J). To determine whether R-eTACs and DCs share
common induction signals, we next administered recombinant
Flt3L (rFlt3L) to WT mice, which induces expansion of DC pro-
genitors (Maraskovsky et al., 1996; Waskow et al., 2008). Ab-
solute numbers of DCs increased 30-fold after recombinant Flt3
administration, but interestingly, R-eTAC number did not
change (Fig. S3 K). Conversely, treatment of WT mice with anti-
Flt3L (αFlt3L) reduced DC cell numbers profoundly, but R-eTAC
counts did not change (Fig. S3 L). These results suggest that
R-eTACs do not share the Ftl3-Flt3L signaling requirements
characteristic of conventional DCs.

To further map the putative myeloid lineage of R-eTACs, we
used the Cx3cr1CreER×Rosa26-LSL-tdTmt (Feng et al., 2022) and
Zbtb46Cre lineage-tracing systems (Loschko et al., 2016) and
found that R-eTACs were labeled at similar percentages to DCs,
while lymphocytes were not substantially traced (Fig. 3, I and J).
Less than 5% of R-eTACs were traced by the Clec9aCreER×Rosa26-
LSL-tdTmt mouse (Schraml et al., 2013) (Fig. S3 M), in line
with other groups’ recent findings (Akagbosu et al., 2022;
Narasimhan et al., 2025). While this potentially suggests a lin-
eage unique from DCs, the precise relationship remains unclear.
Lastly, the Ms4a3Cre×Rosa26-LSL-tdTmt lineage tracer failed to
label R-eTACs, suggesting they are not of a monocyte-derived
lineage (Fig. S3 N). Thus, R-eTACs and their subsets can be
identified through lineage tracing and intracellular Aire staining
and function as tolerogenic APCs of a myeloid lineage. Overall,

R-eTACs are distinct from ILCs, lymphocytes, and monocytes,
while sharing some but not all characteristics of DCs.

R-eTACs mediate oral tolerance to food antigen
To determine whether ILC/LTis are required for diet-specific
Treg induction, we next generated 1:2 mixed BMC mice from
congenic MHCIIΔRORγt and Il7r−/− donors. As Il7r−/− BM is defi-
cient in all adaptive and ILCs but has intact R-eTACs (Fig. 3 H),
mice with MHCIIΔRORγt and Il7r−/− mixed BM lack all ILC/LTis as
APCs but have functional antigen presentation from R-eTACs, as
well as other myeloid populations (Fig. S4 A). By comparing
MHCIIΔRORγt+Il7r−/− mixed BMCs with WT or MHCIIΔRORγt

BMCs, we can thus determine whether antigen presentation by
nonlymphoid RORγt-lineage APCs is sufficient to rescue the loss
of oral antigen-specific Tregs in MHCIIΔRORγt mice (Fig. 4 A).
Indeed, we found ILCs/LTis to be dispensable for oral tolerance
induction, as MHCIIΔRORγt+Il7r−/− mixed BMC mice entirely
rescued OT-II RORγt+ and RORγt− Treg generation and restored
Tfh percentages to similar levels of WT BMCs (Fig. 4 B). To
measure the long-term impact of RORγt-lineage APC loss on oral
tolerance, we next compared these mixed BMCs in an estab-
lished mouse model of systemic delayed-type hypersensitivity
(Esterházy et al., 2016; Hadis et al., 2011). After 8 wk of recon-
stitution, BMC mice were given OVA gavage on days 0 and 1,
immunized with OVA in CFA on day 9, and received subcuta-
neous injections of OVA on days 23 and 33. Loss of tolerance was
assessed by measuring serum IgG1 and IgG2c titers on day 35.
MHCIIΔRORγt BMC mice demonstrated robust anti-OVA IgG1 and
IgG2c responses, which were entirely rescued by the presence of
functional R-eTACs in MHCIIΔRORγt+Il7r−/− mixed BMC mice
(Fig. 4 C). Finally, to map precisely which RORγt-lineage APCs
are generated by Il7r-deficient BM, we crossed Il7r−/− mice to a
RORγt-lineage tracer (Il7r−/−×RORγtCre×Rosa26-LSL-tdTmt). We
then generated congenic 1:2 mixed BMC mice in which both
experimental and control donors carry the WT (no lineage
tracer) BM plus eitherWT or Il7r-deficient RORγt lineage–traced
BM. MHCII+ tdTmt+ cells from SLOs of both WT and Il7r−/− BM
donors were sorted for scRNA-seq. Subsequent analysis revealed
that all R-eTAC subsets were intact in this lineage and were in
fact the predominant RORγt-lineage APC enriched in Il7r−/− BM
(Fig. 4, D and E). While this approach does not exclude a po-
tential role of RORγt-lineage DCs in oral tolerance, the dramatic
enrichment of R-eTACs among RORγt-lineage APCs generated
by Il7r-deficient BM, together with recent studies arguing

quantification of percentage (left) and absolute count per mouse (right) of R-eTACs across different organs in RORγt lineage–tracing adult mice from Fig. 2 (n =
7). (F) Flow cytometry plots of OT-II proliferating Tregs (FoxP3+CPDlo of CD90.1+CD90.2+ T cells) after 72-h coculture with R-eTACs (GFP+tdTmt+) or DCs
(GFP−CD11c+) isolated and sorted from mouse LNs. (G) Quantification of OT-II proliferation (CPDlo of CD90.1+CD90.2+ T cells) and OT-II proliferating Tregs
after coculture with no APCs, R-eTACs, or DCs (left to right) (n = 3 for each group). (H) Congenically distinct (CD45.2+) BM cells were isolated fromWT or Il7r−/−

BM and mixed in 1:2 ratio and subsequently reconstituted in lethally irradiated recipient WTmice (CD45.1+) to generate mixed BMCs. 8 wk after reconstitution,
LNs (cervical, inguinal, axillary, brachial, mesenteric, and para-aortic) were isolated. Quantification of ILCs (CD90+CD127+), DCs (CD11c+MHCII+), and R-eTACs
(Aire+MHCII+) from LNs of WT+Il7r−/− mixed BMC mice (n = 5 for each group). (I) Cx3cr1CreER×Rosa26-LSL-tdTmt mice were treated with tamoxifen three times
a week for 4 wk for complete labeling. LNs were harvested, and tdTmt+ cells were quantified by flow cytometry (n = 3). (J) LNs were harvested from adult
Zbtb46Cre×Rosa26-LSL-tdTmt mice, and tdTmt+ cells were quantified by flow cytometry (n = 10). Data in C and H are representative of three independent
experiments. Data in E are representative of two independent experiments. Data in B, C, F, G, I, and J are pooled from two to three independent experiments.
Error bars: mean ± SEM; statistics were calculated by one-way ANOVA with Tukey’s multiple comparisons test (G); *P < 0.05, **P < 0.005.
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against a functional role of DCs in oral tolerance (Rudnitsky
et al., 2024, Preprint), strongly supports a role of R-eTACs.

To more directly test whether R-eTACs are required for oral
tolerance and the induction of dietary antigen-specific Tregs, we

next utilized a previously described AireDTR mouse model,
which, upon intraperitoneal administration of diphtheria toxin
(DT), efficiently ablates Aire-expressing cells (Metzger et al.,
2013) (Fig. 5 A and Fig. S4 B). Dose frequency was determined

Figure 4. ILCs are dispensable for oral tolerance to food antigen. (A) Schematic of mixed BMC generation plus oral tolerance experimental design.
Congenically distinct (CD45.2+) BM cells were isolated from WT, MHCIIΔRORγt or Il7r−/− BM and subsequently reconstituted in lethally irradiated recipient WT
mice (CD45.1+) to generate three groups of BMC mice: WT, MHCIIΔRORγt, and MHCIIΔRORγt+Il7r−/− (mixed in 1:2 ratio). 6–8 wk after reconstitution, mice were
subjected to OT-II adoptive transfer and two OVA gavages. (B) Flow cytometry quantification of RORγt+ Tregs, RORγt− Tregs, and Tfh out of CPDlo OT-IIs in
BMCmouse mLNs after 2 days of oral OVA (n = 10 from each group). (C)Quantification of OVA-specific IgG1 (left) and IgG2c (right) in serum isolated frommice
subjected to a delayed-type hypersensitivity model (n = 10 from each group). The experimental design was as follows: reconstituted mice were gavaged with
PBS (control) or tolerized with OVA (days 0–1), sensitized with subcutaneous CFA-OVA (day 9), challenged with subcutaneous OVA (days 23 and 33), and
harvested for serum (day 35). (D and E) BM cells were isolated from congenically distinct CD45.2+ RORγtCre×Rosa26-LSL-tdTmt (referred to as WT for
simplicity) mice or Il7r−/−×RORγtCre×Rosa26-LSL-tdTmt (Il7r−/−) mice. These cells were then mixed at a 2:1 ratio with WT non–lineage-tracing CD45.1+CD45.2+

BM and transferred into lethally irradiated CD45.1+ recipients. 8 wk after reconstitution, LN cells from WT or Il7r−/− mixed BMCs were isolated, sorted
(tdTmt+MHCII+), and subjected to scRNA-seq. (D) UMAP from single-cell analysis of RORγt-lineage APCs present in WT and Il7r−/− mice. (E) Ratio (Il7r KO/WT)
of different subsets of RORγt-lineage APCs from the single-cell analysis. Data in B and C are pooled from two independent experiments. Error bars: mean ±
SEM; statistics were calculated by one-way ANOVA with Tukey’s multiple comparisons test (B and C); *P < 0.05, **P < 0.005, ***P < 0.0005, ****P < 0.0001.
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Figure 5. R-eTACs mediate oral tolerance to food antigen. (A) Flow cytometry of cells pre-gated on single, live, Lin− from AireDTR− and AireDTR+ mouse
LNs. All mice were treated with DT every other day for five doses. (B) Schematic of AireDTR oral tolerance experimental design. AireDTR− and AireDTR+ mice
were pretreated with three doses of DT every other day to deplete Aire-expressing cells. After OT-II transfer and OVA gavage, mice are treated with three more
doses of DT before harvest. (C and D) Quantification of RORγt+ Tregs, RORγt− Tregs, and Tfh out of CPDlo OT-IIs from AireDTR− and AireDTR+ mLNs by flow
cytometry after 2 days (n = 9 from each group) (C) and 7 days (n = 7 from each group) (D) of oral OVA. (E) Quantification of RORγt+ Tregs and RORγt− Tregs out
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based on pulse-chase experiments, which show a reconstitution
half-life for R-eTACs of around 7 days (Fig. S4 C). To determine
whether R-eTACs are necessary for oral tolerance, we first
transferred naı̈ve OT-II T cells into DT-treated AireDTR− or
AireDTR+ mice followed by 2–7 days of OVA gavage (Fig. 5 B).
After 2 days of OVA gavage, AireDTR+ mice had significantly
decreased percentages of both OT-II RORγt+ and RORγt− Tregs
with an increased percentage of OT-II Tfh in the mLN (Fig. 5 C).
AireDTR+ mice harvested after 7 days of oral gavage had simi-
larly diminished OT-II Tregs and elevated OT-II Tfh in the mLN
and PP, as well as decreased anergic OT-IIs in the mLN com-
pared to AireDTR− wild-type mice (Fig. 5 D and Fig. S4, D and E).

To assess whether Aire-expressing R-eTACs are required
to rescue the loss of dietary antigen-specific Tregs observed
in MHCIIΔRORγt mice, we next generated mixed BMC with
1:1 MHCIIΔRORγt and AireDTR BM (MHCIIΔRORγt + AireDTR). 8
wk after reconstitution, we deleted R-eTACs in these mice by
administering 6 doses of DT and compared them with non-BMC
WT and MHCIIΔRORγt controls. After 2 days of OVA feedings,
BMC mice lacking R-eTACs as APCs (MHCIIΔRORγt + AireDTR)
had no rescue of RORγt+ Tregs and only partial rescue of RORγt−

Tregs (Fig. 5 E). This suggests R-eTACs are strictly necessary to
induce OVA-specific RORγt+ Tregs, while R-eTACs and other
populations including R-DCs may participate in the induction of
OVA-specific RORγt− Tregs. To precisely map which RORγt-
lineage APCs are deleted in AireDTR mice, we next crossed
the AireDTR transgene onto the RORγt-lineage tracer
(AireDTR×RORγtCre×Rosa26-LSL-tdTmt), administered five
doses of DT, and sorted tdTmt+ MHCII+ cells from mouse SLOs
for scRNA-seq. Analysis revealed highly selective loss of all three
R-eTAC subsets in these mice, while R-DCs and ILCs/LTis re-
mained intact (Fig. 5, F and G). This selective deletion was fur-
ther validated by flow cytometry (Fig. S4, F and G).

Of note, although extrathymic Aire expression in RORγt-
lineage APCs has been shown to be important in the induction
of Th17 cells in response to Candida albicans (Dobeš et al., 2022),
Aire itself was dispensable for oral tolerance induction, as
crossing Airefl/fl mice with pan-hematopoietic Vav1iCre (Air-
eΔVav1) or RORγtCre (AireΔRORγt) showed no defect in OT-II Treg
generation (Fig. S5, A and B). Several groups have noted TGFβ-
mediated Treg activation requires the expression of integrin
αvβ8 by RORγt+ APCs to induce commensal-specific Tregs
(Akagbosu et al., 2022; Kedmi et al., 2022). We noted that
R-eTACs, particularly R-eTAC3s, are highly enriched for in-
tegrin β8 (Fig. 2 B). Consistent with recent findings (Parisotto
et al., 2024, Preprint), Itgb8ΔRORγt mice showed a dramatic

reduction in OVA-specific RORγt+ and RORγt− Tregs in the mLN
after 2 days of OVA feeding, which closely mirrors the results
seen in MHCIIΔRORγt mice (Fig. 5 H).

Taken together, these findings establish R-eTACs as a dis-
tinct, myeloid-derived APC with nonredundant roles in oral
tolerance. By integrating scRNA-seq, lineage tracing, and func-
tional studies, we demonstrate that R-eTACs, rather than ILCs,
are essential for the induction of dietary antigen-specific Tregs
and that R-eTACs are of myeloid and not lymphoid origin. The
absence of R-eTACs disrupts Treg differentiation, facilitates Tfh
differentiation, and ultimately leads to systemic failures of oral
tolerance. Mechanistically, we identify Itgb8-mediated TGFβ
activation as a key pathway through which R-eTACs facilitate
immune tolerance.

Discussion
The ability to distinguish between pathogens and innocuous
self- and commensal antigens is essential for maintaining gut
homeostasis and overall health. Recent studies have established
that RORγt+ APCs contribute to immune tolerance by promoting
peripheral Treg differentiation in response to commensal or-
ganisms, yet their role in oral tolerance to dietary antigens re-
mains unclear. Of note, RORγt+ APCs were shown to interact
with dietary antigen-specific T cells through the LIPSTIC model,
suggesting potential roles in priming dietary antigen-specific
T cells (Campos Canesso et al., 2025). Here, we aimed to deter-
mine which RORγt-lineage APC populations are required for
inducing dietary antigen-specific Tregs. Our findings reveal that
RORγt-lineage APCs isolated from SLOs in mice comprise three
main subsets: R-eTACs, ILCs/LTis, and R-DCs. We show that
R-eTACs, but not ILC/LTis, are a major player in the process of
oral tolerance induction against food antigens. Mice lacking
functional antigen-presenting R-eTACs fail to generate antigen-
specific Tregs and instead develop heightened antibody re-
sponses to dietary antigens. These findings establish R-eTACs as
key mediators of oral tolerance and suggest potential targets for
therapeutic modulation of immune tolerance.

Our scRNA-seq approach uniquely captured R-DCs and
R-mDCs by utilizing a RORγtCre×Rosa26-LSL-tdTmt lineage
tracer, rather than an active reporter. Unlike previous RORγt
APC studies that labeled only actively expressing RORγ/RORγt,
or Aire reporter populations, our lineage-tracing approach al-
lowed us to identify and profile all cells that expressed or had
expressed RORγt—a potentially more accurate landscape of the
putative populations mediating the phenotypes observed in

of CPDlo OT-IIs from mixed BMC generated from WT, MHCIIΔRORγt, and AireDTR mLN after 2 days of OVA gavage (n = 7 for WT and MHCIIΔRORγt, n = 8 for
MHCIIΔRORγt+AireDTR). (F and G) BMCs were generated with either CD45.2+ AireDTR−×RORγtCre×Rosa26-LSL-tdTmt (herein referred to as AireDTR− for
simplicity) or CD45.2+ AireDTR+×RORγtCre×Rosa26-LSL-tdTmt (AireDTR+) mice. 8 wk after reconstitution, LN cells from AireDTR− and AireDTR+ mixed BMCs
were isolated, sorted (tdTmt+MHCII+), and subjected to scRNA-seq. DT was administered to all mice five times every other day before harvest. (F) UMAP from
single-cell analysis of RORγt-lineage APCs present in AireDTR− and AireDTR+ BMC mice after DT depletion. (G) Ratio (AireDTR+/AireDTR−) of different subsets
of RORγt-lineage APCs from the single-cell analysis. (H) Oral tolerance experimental setup is the same as Fig. 1 A. Quantification of RORγt+ Tregs and RORγt−

Tregs out of CPDlo OT-IIs isolated from mLN of WT versus Itgb8ΔRORγt mice 2 days after OVA gavage (n = 7 from each group). Data in C, D, and H are pooled
from two to three independent experiments. Data in E are representative of three independent experiments. Error bars: mean ± SEM; statistics were calculated
by one-way ANOVA with Tukey’s multiple comparisons test (E) and unpaired two-sided t test (C, D, and H); *P < 0.05, **P < 0.005, ***P < 0.0005, ****P <
0.0001.
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these RORγt conditional knockout models. This enabled us to
capture additional populations, such as those that have down-
regulated Aire and Rorc expression over time, including some
subsets of R-eTACs, R-cDCs, and R-mDCs. Interestingly, despite
the diversity of sorting approaches and nomenclaures previ-
ously used to identify these populations, our data remained
highly consistent with all prior approaches, and we show here
that all prior efforts have largely identified the same R-eTAC
populations. We thus define R-eTACs as a RORγt-lineage puta-
tively myeloid-derived population enriched for Aire expression,
with unique transcriptional homology to both DCs and medul-
lary thymic epithelium, which are specifically depleted by DT in
the AireDTR mouse model. This population is also likely
the same as the recently described Prdm16+ RORγt+ DCs
(Narasimhan et al., 2025) and tolerogenic DCs (Fu et al., 2025) in
both mouse and human, sharing a unique expression of key
genes such as Prdm16, Thrb, Il4i1, and Ube2e2. The field will
clearly benefit from some consensus around nomenclature as we
continue to define the biology of these populations, but the data
suggest we are all identifying the same or closely similar
cell types.

We demonstrate here that R-eTACs are myeloid-derived and
share several phenotypic and functional characteristics of DCs,
but with some distinct features. Transcriptomic analyses reveal
that R-eTACs exhibit gene expression signatures reminiscent of
migratory DCs but are uniquely defined by Aire expression, a
key regulator of immune tolerance more commonly associated
with mTECs. Similar to DCs, R-eTACs do not derive from a
lineage dependent on signaling from IL-7 or IL-2 common
gamma cytokines. Instead, R-eTACs are tracked by Cx3cr1- and
Zbtb46-lineage tracing similar to DCs, but not by Ms4a3
monocyte-lineage tracers. Moreover, R-eTACs or their
precursors appear to migrate to LNs upon TLR7/8 inflam-
matory stimulation, a feature characteristic of migratory
DCs (Narasimhan et al., 2025). However, R-eTACs differ from
DCs in critical ways: they are not traced by Clec9a lineage tracer,
remain unresponsive to short-term Flt3L-driven expansion, and
are resistant to short-term anti-Flt3L–driven depletion. While
our work has not precisely mapped out the progenitors that give
rise to R-eTACs, these findings highlight a distinct develop-
mental pathway of R-eTACs within the myeloid lineage. Col-
lectively, our data position R-eTACs as a specialized tolerogenic
myeloid APC subset, one that, despite some functional overlap
with DCs, plays a unique and nonredundant role in the main-
tenance of oral tolerance.

Our scRNA-seq analysis further reveals that all R-eTAC
subsets are effectively ablated in our AireDTR model, while
R-DCs remain fully intact. The partial rescue of RORγt- Tregs
in MHCIIΔRORγt + AireDTR mixed BMC compared with
MHCIIΔRORγt BMC mice suggests that R-eTACs alone are not
sufficient to induce all food-specific Tregs and that other pop-
ulations, such as R-DCs, may also contribute to RORγt− OVA-
specific Treg differentiation. However, preliminary findings
from other groups using the MHCII-ONΔClec9a mouse model re-
vealed that cDCs alone cannot induce food antigen-specific Tregs
(Rudnitsky et al., 2024, Preprint). This suggests that while
R-eTACs are the primary drivers of oral tolerance, cDCs and

R-DCs may play complementary roles, or that crosstalk between
these populations may be relevant. Additionally, the transient
deletion of R-eTACs in adult AireDTR mice may have different
consequences for oral tolerance than the constitutive loss of
antigen presentation in all RORγt-lineage APCs in MHCIIΔRORγt

mice, which lack these cells throughout early development.
Mechanistically, TGFβ signaling mediated by integrins

αvβ8 from RORγt-lineage APCs—particularly R-eTACs and
R-mDCs—plays a key role in inducing food antigen-specific
peripheral Tregs, including both RORγt+ and RORγt− subsets.
In the absence of functional R-eTACs, OVA-specific naı̈ve T cells
become Tfh populations with increased frequency, and this
crosstalk between R-eTACs and Tfh differentiation will be of
interest for future studies, particularly related to the develop-
ment of dietary antigen-specific antibody responses and allergy.
R-eTACs do express high levels of ICOSL, and ICOS-ICOSL sig-
naling plays critical roles in modulating Tfh and T follicular
regulatory cell differentiation (Choi et al., 2011; Panneton et al.,
2023; Stone et al., 2015). Beyond induction of dietary antigen-
specific Tregs, our data also show that ∼40% of food antigen-
specific T cells in WT mice lack lineage-defining transcription
factors (such as Gata3, Tbet, FoxP3, and RORγt) and are phe-
notypically anergic (marked by CD73+ and FR4+). These anergic
T cells have also been implicated in overall tolerance to food
antigens (Campos Canesso et al., 2025; Hong et al., 2022), and
their proportion decreases markedly in mouse models with de-
ficient RORγt APCs or R-eTACs. Further work may uncover
additional mechanisms by which RORγt-lineage APCs contrib-
ute to overall induction of food antigen tolerance beyond in-
duction of Tregs.

Recent studies identified Prdm16 as a key transcription
factor enriched in human-equivalent R-eTAC populations
(Ulezko Antonova et al., 2023; Narasimhan et al., 2025). An-
other recent study further implicated Prdm16 in regulating
oral tolerance in RORγt-lineage APCs in mice (Fu et al., 2025).
Consistent with these findings, we observed Prdm16 expres-
sion to be highly specific to R-eTACs among RORγt-lineage
APCs, with highest expression in R-eTAC2 and R-eTAC3
subsets. Given their co-expression of Itgb8 and Prdm16, we
hypothesize that R-eTAC2 and/or R-eTAC3 in particular may
play key roles in tolerance to dietary antigens, but further
studies are required to better define these lineage relation-
ships and clarify the mechanisms by which these subsets
enforce immune tolerance.

It is intriguing that RORγt-lineage APCs, recently implicated
in regulating tolerance to commensal bacteria in the colon
(Akagbosu et al., 2022; Kedmi et al., 2022; Lyu et al., 2022a), also
appear critical for promoting tolerance to dietary antigens.
Notably, TGFβ-mediated Treg differentiation plays a central role
in both contexts. Whether the same tolerogenic mechanisms
employed by RORγt-lineage APCs apply across these distinct
antigen-delivery pathways, and in other disease contexts, re-
mains to be determined. While some discrepant results may be
attributable to differences in experimental approaches as well as
the efficiency and specificity of various genetic tools, these
differences may also reflect distinct roles of these populations in
various contexts.
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Emerging work suggests that the peri-weaning period is
critical for the establishment of lifelong oral tolerance via Treg
differentiation (Cheifetz and Knoop, 2024), and future research
should explore the role of R-eTACs in this process. Our findings
position R-eTACs as essential, putatively myeloid-derived me-
diators of gut homeostasis that are uniquely capable of modu-
lating dietary antigen-specific T cell responses toward tolerance
rather than inflammation. Therapeutically, a deeper under-
standing of tolerogenic RORγt-lineage APCs has significant im-
plications for immune modulation. Oral tolerance has been
proposed as a strategy for preventing and treating autoimmune
diseases, including experimental autoimmune encephalomyeli-
tis and type I diabetes (Pinheiro-Rosa et al., 2021; Weiner, 1997),
and allograft tolerance (Wang et al., 2022). By defining R-eTAC
identity and function, our study provides a foundation for future
efforts to harness these populations as therapeutic targets for
systemic immune modulation in autoimmunity, allograft toler-
ance, and allergic disease states.

Materials and methods
Mice
6- to 12-wk-old male or female mice were used for all the ex-
periments in this study unless indicated. C57BL/6J (000664),
CD45.1 (002014), CD90.1 (000406), OTII (004194), Rosa26-LSL-
dtTmt (007914), Airefl/fl (031409), MHCIIfl/fl (037709), RORγtCre

(022791), Vav1iCre (008610), Cx3cr1CreER (021160), Zbtb46Cre

(028538), and Clec9aCreER (037804) were purchased from The
Jackson Laboratory. Adig, AireDTR, and germline Aire−/− mice
were generated and provided by the laboratory of Dr. Mark S.
Anderson (University of California, San Francisco [UCSF], San
Francisco, CA, USA), and were characterized as previously de-
scribed (Anderson et al., 2002; Gardner et al., 2008; Metzger
et al., 2013). Il7r−/− and Rag2−/−Il2rg−/− mice were generously
provided by Dr. Roberto R. Ricardo-Gonzalez (UCSF). Itgb8fl/fl

mice (Proctor et al., 2005) were generously provided by Dr. Ari
B. Molofsky (UCSF). Ms4a3Cre was kindly provided by Dr. Amar
Nijagal (UCSF). Ms4a3Cre lineage–tracing mice were kindly
provided by Dr.Martin Valdearcos (UCSF). Lineage-tracingmice
were generated by crossing lineage-specific Cre with Rosa26-
LSL-dtTmt. Congenically marked (CD90.1+CD90.2+) OTII mice
were generated by crossing OTII mice to CD90.1 mice. All mice
were housed in specific pathogen–free facilities at UCSF, and all
animal studies were approved by the Institutional Committee on
Animal Use and Care at UCSF. All mice were housed in a specific
pathogen–free facility in a 12-h light/dark cycle with access to
food and water ad libitum.

Mouse LN processing and purification
For scRNA-seq, mouse spleen, mesenteric, and other LNs (cer-
vical, brachial, axillary, inguinal, and para-aortic) were pro-
cured and pooled in a digestion medium consisting of RPMI 1640
with 2% fetal bovine serum (FBS) (Sigma-Aldrich), with DNase I
(100 µg/ml; Roche) and Liberase (96 µg/ml; Roche), minced and
incubated at 37°C with gentle agitation for 30 min, and passed
through a 70-μm filter. Adult samples only were resuspended
for magnetic column enrichment (Miltenyi LS column depletion

with Streptavidin or anti-biotin microbeads and biotinylated
antibodies against B220, CD19, Ter119, TCRβ, and CD3ε). Cells
were then sorted for live, tdTmt+MHCII+ cells and processed for
10× single-cell analysis.

For eTAC characterization by flow cytometry, digested cells
from LNs were resuspended for magnetic column enrichment
(Miltenyi LS column depletion with anti-biotin microbeads and
biotinylated antibodies against B220, Ter119, TCRβ, ± CD3ε). Cell
viability and counts were evaluated with Vi-CELL XR (Beckman
Coulter).

For OT-II characterization, mLNs or PP were procured, and
cells were passed through a 70-μm cell strainer to achieve
single-cell suspension for subsequent flow cytometry staining
and analysis.

For siLP immune cell isolation, the small intestines were
dissected out and the Peyers Patch’s were removed. After cutting
the intestines open longitudinally and cleaning out the intestinal
contents, the small intestines were treated with 1× HBSS with
1 mM dithiothreitol for 10 min at room temperature (RT) and 3×
with 5 mM EDTA in 1× HBSS supplemented with 5% FBS for
10 min at 37°C. Then, small intestines were minced and disso-
ciated in digestion buffer (RPMI supplemented with 5% FBS)
containing 1 mg/ml collagenase D (Roche), 100 μg/ml DNase I at
37°C for 30 min. Leukocytes were collected at a 40–80% Percoll
gradient (GE Healthcare).

Antibodies and reagents
Fluorochrome- or biotin-conjugated antibodies against the fol-
lowing mouse targets were purchased from BD Biosciences:
CD3e (145-2C11), B220 (RA3-6B2), Ly6G (1A8), EpCAM(G8.8),
TCRβ (H57-5970), MHCII (AF6-120.1), CD8α (53-6.7), Bcl6 (K112-
91), RORγt (Q31-378), CD90.1 (OX-7), Gata3 (L50-823); Thermo
Fisher Scientific: Aire (5H12), SiglecF (1RNM44N), TCRβ (H57-
597), CD3e (145-2C11), B220 (RA3-6B2), Ter119 (TER-119), CD19
(1D3), CD90.2 (30-H12), FoxP3 (FJK-16 s); and BioLegend: CD4
(GK1.5), NK1.1 (PK136), Ly6C (HK1.4), CD90.2 (30-H12), CD19
(6D5), F4/80 (BM8), CCR7 (4B12), MHCII (AF6-120.1), XCR1
(ZET), SIRPα (P84), TCRβ (GL3), CD45 (30-F11), CD73 (TY/11.8),
FR4 (12A5), CD44 (IM7), CD45.2 (104), CD45.1 (A20), CXCR5
(L138D7), PD1 (29F.1A12), CXCR6 (SA051D1). Fc block (2.4G2)
was purchased from BioXCell. Isotype control antibodies were
purchased from the same source as target-specific antibodies.
The Zombie NIR Fixable Viability Kit from BioLegend or DAPI
was used for viability staining.

Flow cytometry staining
CCR7 antibody staining was done at 37°C for 20min prior to live/
dead staining (10 min, RT). Then, surface antibodies and Fc
block were incubated with cells for 30 min at 4°C. For intra-
cellular staining, cells were fixed and permeabilized with eBio-
science FoxP3/Transcription Factor Fixation/Permeabilization
solution, then washed with 1× permeabilization buffer before
FoxP3 antibody incubation. For intracellular Aire staining,
cells were fixed in 4% paraformaldehyde for 15 min at RT, then
incubated with eBioscience FoxP3/Transcription Factor Fix-
ation/Permeabilization solution (Thermo Fisher Scientific)
for 30 min at 4°C. Cells were washed and resuspended in 1×
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permeabilization buffer overnight at 4°C. The next day, intra-
cellular antibody staining was incubated with cells in 1× per-
meabilization buffer for 1 h at RT. Finally, cells were washed
in 1× permeabilization buffer and resuspended in the stain-
ing buffer for flow cytometry. Flow cytometry data were
acquired on Cytek Aurora and analyzed using FlowJo
(TreeStar v10.10.0). For eTACs gating, Lin− gate includes
(SiglecF−Ly6G−NK1.1−TCRβ−B220−F4/80−).

BMC
CD45.1 BM recipients were irradiated with two doses of 450 rads
(X-RAD 320; Precision X-Ray) 3–4 h apart before receiving 5–10
× 106 donor BM cells by retro-orbital injection. For mixed BMC
experiments, congenically distinct donor BM cells were
mixed 1:1 (in the case of MHCIIΔRORγt + AireDTR) or 1:2 (in
the case of MHCIIΔRORγt + Il7r−/− to account of defect in ho-
meostatic defect observed in Il7r−/−mice). Mice were allowed
6–8 wk for reconstitution before experimental use.

Adoptive T cell transfer
Single-cell suspension of lymphocytes was obtained from
mashing LNs (inguinal, axillary, brachial) and spleen from TCR
transgenic mice through a 70-μm cell strainer. Naı̈ve CD4 T cells
were isolated from OT-II TCR transgenic mice using the Naı̈ve
CD4 T cell Isolation Kit (130-104-453; Miltenyi Biotec). After
magnetic column isolation, naı̈ve T cells were stained with
eBioscience Cell Proliferation Dye eFluor 450 (65-0842-90;
Thermo Fisher Scientific) at 10 μM for 10 min at 37°C, then
quenched with RPMI with 2% FBS. Labeled T cells were re-
suspended in HBSS without Ca2+ and Mg2+ before transferring
into recipient mice by retro-orbital injections at 0.5–1 × 106 cells
in 200 μl HBSS per mouse.

Oral OVA administration
OVA (grade III, A5378; Sigma-Aldrich) was administered orally
using plastic gavage needles. For short-term oral tolerance ex-
periments, OVA was gavaged 1 and 2 days after naı̈ve OT-II
adoptive transfer, at 50 mg in 200 μl PBS per mouse each day,
and mice were sacrificed at 48 h after antigen exposure. For
long-term oral OVA challenge, 50 mg in 200 μl PBS OVA was
administered on days 1 and 2 after naı̈ve OT-II transfer, and
25 mg in 100 μl PBS OVA on days 3–6 until experiment endpoint
on day 7.

CFA-OVA immunization and subcutaneous challenge
CFA (263810; BD) and OVA in PBS were emulsified prior to in-
jection for CFA-OVA immunization. 8 days after oral OVA ad-
ministration, each mouse received 100 μl CFA and 300 μg
endotoxin-free OVA (vac-pova-100; InvivoGen) dissolved in
100 μl PBS through subcutaneous injection between the shoul-
der blades. Antibody titer response was measured 24 days after
CFA-OVA immunization.

DT administration
Mice were given DT (BML-G135-0001; Enzo) at 0.75 μg in 100 μl
PBS by intraperitoneal injection on days −5, −3, −1, 1, 3, and 5,
while OVA was administered orally on days 1 and 2.

Tamoxifen treatment
For induction of gene recombination in Cx3cr1CreER mice, 30 mg/
ml tamoxifen (T5648; Sigma-Aldrich) was dissolved in corn oil
and administered 100 μl via oral gavage three times a week for 4
wk for complete labeling. Mice were harvested the day after the
last tamoxifen treatment. For induction of gene recombination
in Clec9aCreER mice, mice were put on tamoxifen-containing
chow (TD.130860; Inotiv) for a week before analysis.

R848 treatment
9- to 10-day-old mice were orally gavaged with 2–3 μg of R848
(InvivoGen) in PBS or PBS only as a control. mLNs were har-
vested and analyzed 24 h later.

Recombinant Flt3L and anti-Flt3L treatment
WT C57BL/6J mice were treated with 10 μg of either isotype
(BE0096; BioXCell) or recombinant Flt3L (BE0098; BioXCell) for
7 days. Mice were sacrificed the next day, and LNs were har-
vested for subsequent flow analysis. Similarly, WT C57BL/6J
mice were treated with 10 μg of either isotype (AB-1080C; R&D
Systems) or anti-mouse Flt3L antibody (AF427; R&D Systems)
for 7 days.

scRNA-seq
For experiments involving the adult and early-life RORγt-
lineage tracing mice (RLT), scRNA-seq libraries were gen-
erated from pooled spleen, mLN, and other LN samples. For
the Il7r−/− and AireDTR experiments, scRNA-seq libraries
were generated from pooled LN samples from a given con-
dition. Early-life samples were processed using 10x Ge-
nomics Chromium 39 sequencing platform according to the
manufacturer’s protocols. The adult RLT, AireDTR, and
Il7r−/− samples were processed using the 10x Genomics GEM-
X 39 sequencing platform according to the manufacturer’s
protocols performed by UCSF Genomics CoLab. The resulting
libraries were sequenced on the Illumina NovaSeq 6000
performed by UCSF Genomics CoLab. The resulting libraries
were sequenced on the Illumina NovaSeq 6000 through the
UCSF Institute for Human Genetics and UCSF Center for
Advanced Technology.

RLT scRNA-seq analyses
Adult RLT preprocessing
Raw sequencing reads were aligned to the mm10 reference ge-
nome using the standard Cell Ranger pipeline (Zheng et al.,
2017). Cells were filtered out if they met any of the following
criteria: >5% mitochondrial reads, >8,000 unique genes, and
>60,000 total reads. The total cell counts sequenced are as fol-
lows: 20,629 (LN), 4,609 (mLN), 14,847 (spleen). The total cells
postquality-control (QC) are as follows: 19,642 (LN), 4,135
(mLN), 13,222 (spleen).

Early-life RLT preprocessing
Raw sequencing reads were aligned as previously described.
Cells were filtered out if they met any of the following criteria:
>5% mitochondrial reads, >5,500 unique genes, and >35,000
total reads. The total cell counts sequenced are as follows:
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17,975 (LN), 13,482 (mLN), 27,642 (spleen). The total cells post-
QC are as follows: 14,682 (LN), 11,428 (mLN), 22,408 (spleen).

Analysis
The early-life and adult samples were separately analyzed in
Python using the Scanpy package and scVI (Lopez et al., 2018)
integration methodology. Briefly, each tissue sample (spleen,
mLN, and other LNs) was restricted to the top jointly highly
variable genes and combined. To impute gene expression in the
combined dataset, a scVI model was trained on the combined
data using tissue as the batch identifier, ribosomal gene per-
centage as a continuous covariate, and the negative binomial
distribution of gene likelihood. Principal components and UMAP
embedding were calculated from the scVI latent space. Clusters
were identified using the Leiden algorithm. Clusters with low
levels of H2-ab1 and Rorc transcript were manually filtered out.
Cell types were identified based on the expression of known
marker genes. Three unique populations of putative R-eTACs
were identified and termed R-eTAC1-3. The adult data also had
two other R-eTAC populations: proliferating R-eTACs and LTi-
like R-eTACs. Three unique populations of lineage-traced DCs
were also identified in both adult and early-life datasets and
termed R-cDC1, R-cDC2, and R-mDCs. Non-ILC, LTi, R-DC, or
R-eTAC clusters are not shown. Batched corrected differentially
expressed genes were called using scVI with a false discovery
rate of 0.05. Units are displayed as a z-scored gene-level ex-
pression for heatmaps and scVI normalized expression for
feature plots.

Il7r−/− and AireDTR scRNA-seq analyses
AireDTR preprocessing
Raw sequencing reads were aligned to the mm10 reference ge-
nome using the standard Cell Ranger pipeline (Zheng et al.,
2017). Cells were filtered out if they met any of the following
criteria: >3% mitochondrial reads, >8,000 unique genes, and
>100,000 total reads. The total cell counts sequenced are as
follows: 12,859 (DTR−), 14,906 (DTR+). The total cells post-QC
and filtering are as follows: 9,234 (DTR−), 8,510 (DTR+).

Il7r−/− preprocessing
Raw sequencing reads were aligned as previously described.
Cells were filtered out if they met any of the following criteria:
>3% mitochondrial reads, >8,000 unique genes, and >100,000
total reads. The total cell counts sequenced are as follows: 7740
(WT), 784 (Il7r−/−). The total cells post-QC and filtering are as
follows: 4,387 (WT), 524 (Il7r−/−).

Analysis
The Il7r−/− (WT and Il7r−/−) and AireDTR (DTR− and DTR+) ex-
periments were separately analyzed in Python using the Scanpy
package and scVI (Lopez et al., 2018) integration methodology.
For a given experiment, samples from each condition were re-
stricted to the top jointly highly variable genes and combined. To
impute gene expression in our combined dataset, a scVI model
was trained on the combined data using condition as the batch
identifier and the negative binomial distribution of gene
likelihood. Principal components and UMAP embedding were

calculated from the scVI latent space. Clusters were identified
using the Leiden algorithm. Clusters with low levels of H2-ab1
and Rorc transcript were manually filtered. Cell types were
identified based on the expression of known marker genes and
Cell Typist label transfer (Xu et al., 2023) from our adult RLT
dataset. Cell types that did not map to the adult RLT data are not
shown. To calculate normalized ratios per cluster across con-
ditions, the number of cells in a given cluster from a condition
was divided by the total number of cells from that condition.

RORγt-lineage landscape integration
The Lyu et al. (2022a) (GSE184175), Kedmi et al. (2022)
(GSE200147), and Akagbosu et al. (2022) (GSE174405) datasets
were downloaded from the Gene Expression Omnibus. The
Wang et al. (2021) (GSE176282) data were taken from our pre-
vious publications. For ease of integration, the integration was
restricted to R-eTACs, R-DCs, and equivalent populations. Inte-
gration was performed in Python using methods detailed above,
except the scVI model was trained using dataset source as a
batch identifier and both MT gene percentage and ribosomal
gene percentage were supplied as continuous covariates. Di-
mensionality reduction, clustering, and cell-type identification
were performed in the same fashion as above. To validate our
integration, CellTypist (Xu et al., 2023) was used to project cell-
type labels from the Lyu et al. (2022a) and Akagbosu et al. (2022)
datasets and our early-life dataset to our adult dataset.

APC and OT-II Coculture
Myeloid cells were obtained from digested LNs and spleen and
isolated using magnetic column depletion from RORγt
lineage–tracing mice (see digestion and purification method
above). Lymphocyte-depleted samples were then FACS-sorted
on single, live, CD19−CD90.2−, then GFP+tdTmt+ (R-eTACs),
and GFP−CD11c+ (DCs). 3,500–6,500 APCs were then cocul-
tured with Cell Proliferation Dye–labeled naı̈ve OT-II T cells at
a 1:10 ratio in the presence of either 100 μg/ml whole OVA
protein or OVA323–339 peptide (AS-27024; AnaSpec) for 72 h in
a U-bottom 96-well plate. Culture media were made of RPMI
with 10% FBS, 1× Pen/Strep/Glutamine, NEAA, HEPES, and
β-mercaptoethanol.

ELISA
OVA (grade III, A5378; Sigma-Aldrich) was diluted in ELISA
coating buffer (BioLegend) and coated on a high-bind half-area
96-well microplate (Corning) overnight at 4°C. After washing,
wells were blocked with assay diluent (BioLegend) for 1 h at RT.
Serum from mice, diluted in assay diluent, was incubated
overnight at 4°C. After washing, wells were incubated with bi-
otinylated anti-mouse IgG1 or IgG2c for 1 h at RT, followed by
HRP Streptavidin (BioLegend) for 30 min at RT. Plates were
developed with TMB substrate and stopped with STOP solution
(BioLegend), and absorbance was measured at 450 nm.

Statistical analyses and visualization
All data points are shown in the graphs as mean value indicated
and individual data points as shown. All statistical analyses
were performed using GraphPad Prism (v10.2.3). Statistical
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significance was calculated using one-way ANOVAwith Tukey’s
multiple comparisons or the unpaired two-sided t test. *P < 0.05,
**P < 0.005, ***P < 0.0005, and ****P < 0.0001 were considered
significant. Experimental graphics were generated with Bio-
Render (https://biorender.com/).

Online supplemental material
Fig. S1 presents data supporting Fig. 1, including the gating
strategy, frequencies of Tfh and anergic OT-II T cells in mLN,
phenotypes of endogenous T cells in MHCIIΔRORγt mice, and the
oral tolerance model in BMCs with either WT or MHCIIΔRORγt

donors. Fig. S2 supports Fig. 2, showing additional feature plots,
frequencies of tdTmt+, GFP+, and Aire-expressing cells,
ImmGen-based similarity scores, and analysis of early-life
RORγt-lineage APCs. Fig. S3 supports Fig. 3 with flow cytometry
gating for RORγt-lineage APC subsets, Aire flow validation, and
lineage-tracing experiments. Fig. S4 provides additional data for
Figs. 4 and 5, including validation and kinetics of knockout
or DT depletion, oral tolerance phenotypes in mLN and PP,
and gating strategies confirming DT depletion in RORγt-
lineage APCs. Fig. S5 shows that Aire is dispensable in
RORγt-lineage APC-mediated oral tolerance to dietary antigens.
Table S1 lists differentially expressed genes from adult RORγt
lineage–traced mice.

Data availability
All data necessary to understand and evaluate the conclusions of
this paper are provided in the manuscript and supplementary
materials. The sequencing data underlying Fig. 2 A, Fig. 4 D,
Fig. 5 F, and Fig. S2 I were generated for this manuscript and are
openly available in the Gene Expression Omnibus (GEO) under
the following accession numbers: GSE273746 (adult RLT),
GSE291696 (Il7r−/−), GSE291411 (AireDTR), and GSE285182 (ear-
ly-life RLT). The data underlying Fig. 2 E are from publicly
available datasets in GEO with the following accession numbers:
GSE184175, GSE174405, GSE176282, GSE200147. Source data are
provided in this manuscript.
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Figure S1. RORγt-lineage APCs drive the induction of tolerance to dietary protein. Related to Fig. 1. (A) Gating strategy for endogenous T cells and OVA-
specific T cells (OT-II) from the mLN. (B)Quantification of Tfh (Bcl6+FoxP3−RORγt−) and anergic (FR4+CD73+) OT-IIs in the mLN after 2 days of OVA gavage (n =
3 from each group). (C)Quantification of RORγt+ Tregs (RORγt+FoxP3+), RORγt− Tregs (RORγt−FoxP3+), and Th17 (RORγt+ FoxP3−) from endogenous CD4 T cell
subsets in the mLN after 2 days of OVA gavage (n = 3 from each group). (D) Gating strategy for OT-II Tfh (CXCR5+PD1+) in the mLN and PP for 7-day oral OVA
experiments. (E–H) WT and MHCIIΔRORγt BM cells were reconstituted in CD45.1 congenic hosts. 8 wk after reconstitution, the experiment was performed
similar to Fig. 1 A (n = 5 from each group). (E) Colon length (top) and quantification of endogenous Th17 in the mLN (bottom) from WT and MHCIIΔRORγt BMC
mice. (F)Quantification of RORγt+ Tregs, RORγt− Treg, and anergic OT-II in the mLN, PP, and siLP after 7 days of oral OVA. (G)Quantification of Tfh OT-II in the
mLN and PP. (H) Quantification of Gata3+ Treg OT-II in siLP. Data in B and C are representative of two independent experiments. Data in E–H are one ex-
periment. Error bars: mean ± SEM; statistics were calculated by an unpaired two-sided t test; *P < 0.05, **P < 0.005, ***P < 0.0005, ****P < 0.0005.
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Figure S2. Defining the heterogeneity of RORγt-lineage APC subsets. Related to Fig. 2. (A) Expression of Aire and Rorc in adult tdTmt+MHCII+ scRNA-seq
clusters. (B) Heatmap with differential gene expression of cell clusters from scRNA-seq data. (C) tdTomato (left), as well as Aire-GFP and Aire transcript (right)
expression levels across RORγt-lineage APC clusters. (D) Distribution of R-eTAC subset clusters found from each sample origin: mLN, spleen, and other LNs
(labeled UMAP to reference is Fig. 2 C). (E) Number of cells among R-eTAC subset clusters found in each sample origin. (F) Expression of Itgav, Itgb8, Icosl, and
Prdm16 in adult scRNA-seq clusters. (G) Heatmap showing similarities between R-eTAC clusters to other immune cell clusters from ImmGen. (H) Similarity
score between adult RORγt-lineage APC clusters and mTECs. (I) Reduced dimensionality representation of scRNA-seq data with annotated cell clusters in 2-
wk-oldmice. (J) Integrated UMAP of all available RORγt-lineage APC single-cell data, displaying our adult scRNA-seq data (left), as well as expression of Aire and
Rorc across the integrated scRNA-seq clusters (middle and right).
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Figure S3. R-eTACs represent a putatievly myeloid population with characteristics distinct from DCs. Related to Fig. 3. (A) Flow cytometry plot
showing the gating of R-eTAC1s (EpCAM−CCR7−) and R-eTAC3s (EpCAM+). This gating is from the R-eTAC1/3 shown in Fig. 3 A. (B) Flow cytometry plots
showing the gating of R-mDCs (CCR7+), R-cDC1s (XCR1+SIRPα−), and R-cDC2s (XCR1−SIRPα+) from the R-DC shown in Fig. 3 A. (C) Flow cytometry validation of
intracellular Aire staining between WT and germline Aire−/− mice. (D) Flow cytometry plots of intracellular RORγt staining on the MHCII+Aire+ cells. (E) Flow
cytometry quantification of GFP+tdTmt+ percentage of parent (left) and absolute counts per mouse (right) from all pooled LNs from RORγt lineage–tracingmice
with Aire reporter at various ages, gated on single, live, Lin− cells (n = 3). (F) Quantification of the proliferation of OT-II cells cocultured with R-eTACs
(GFP+tdTmt+) versus DCs (GFP−CD11c+) in the presence of OVA peptide after 72 h. (G) Experimental setup similar to Fig. 3 H. Quantification of R-eTAC subsets
from the Aire+MHCII+ cells in the Il7r−/− or WT-derived portions of the BM (n = 5). (H and I) Experimental setup similar to Fig. 3 H, except with Rag2−/− Il2rg−/−

BM cells instead of Il7r−/−. Quantification of ILCs (CD90.2+CD127+), DCs (CD11c+MHCII+), and R-eTACs (Aire+MHCII+) (H) and R-eTAC subsets (I) from LNs of
Rag2−/− Il2rg−/−mixed BMC mice (n = 3). (J) Quantification of DCs, ILCs, and R-eTACs from LNs of neonatal mice gavaged once with PBS or R848 and harvested
24 h later (n = 4 from each group, each dot is pooled from three mice). (K)WTmice were intraperitoneally treated with either isotype (Iso) or recombinant Flt3L
(rFlt3L) for 7 days. DCs and R-eTACs were quantified from LNs (n = 10 from each group). (L)WTmice were intraperitoneally treated with either isotype (Iso) or
anti-Flt3L antibody (αFlt3L) for 7 days. DCs and R-eTACs were quantified from the spleen (n = 20 from each group). (M) Flow cytometry quantification of DC
subsets and R-eTACs from Clec9aCreER×Rosa26-LSL-tdTmt mice LNs (n = 6). Mice were put on tamoxifen chow for 1 wk to induce labeling. (N) Flow cytometry
quantification of monocytes, R-eTACs, DCs, and B cells from Ms4a3Cre×Rosa26-LSL-tdTmt mouse LNs (n = 10). Data in E are from one independent experi-
ments. Data in F–I are representative of at least three independent experiments. Data in J–N are pooled from two to three independent experiments. Error
bars: mean ± SEM; statistics were calculated by one-way ANOVA with Tukey’s multiple comparisons test (F) or unpaired two-sided t test (G–I, K, and L); ***P <
0.0005, ****P < 0.0001.
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Figure S4. R-eTACs enforce tolerance to dietary antigens. Related to Fig. 4 A and Fig. 5. (A) Validation of MHC-II expression on Aire+ cells in WT,
MHCIIΔRORγt, and MHCIIΔRORγt + Il7r−/−mixed BMC experiment from Fig. 4 A (n = 10 from each group). (B) Flow cytometry quantification of the AireDTR deletion
of Aire+ cells shown in Fig. 4 E. (C) Quantification of the repopulation kinetics of Aire+ cells after DT treatment (n = 10 for controls [red], n = 2–4 for each
experimental group time point [black]). Mice were treated with DT every other day for a total of five doses and collected at the time point indicated. (D and E)
Experimental setup is the same as Fig. 5 B. (D)Quantification of anergic OT-IIs from the mLN after 7 days of oral OVA (n = 7 from each group). (E)Quantification
of RORγt+, RORγt− Treg, Tfh, and anergic OT-IIs 7 days after oral OVA in the PP (n = 7 from each group). (F and G) Flow validation of Aire+ cell deletion in the
spleen from the AireDTR+×RORγtCre×Rosa26-LSL-tdTmt (AireDTR+) BMCmice in Fig. 5 F. (F) Gating strategy for R-eTACs, R-DCs, and ILCs. (G)Quantification of
RORγt-lineage APCs in the AireDTR×RORγt-lineage tracer mice (n = 5 from each group). Data in A, D, and E are pooled from two independent experiments. Data
in B are representative of at least three independent experiments. Data in C are pooled from four independent experiments. Data in G is representative of two
independent experiments. Error bars: mean ± SEM; statistics were calculated by one-way ANOVA with Tukey’s multiple comparisons test (A) or unpaired two-
sided t test (B, D, E, and G); *P < 0.05, **P < 0.005, ***P < 0.0005, ****P < 0.0001.
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Provided online is Table S1. Table S1 lists differentially expressed genes from adult RORγt lineage–traced mice.

Figure S5. Aire is dispensable in oral tolerance mediated by RORγt-lineage APCs. (A) Quantification of Aire+ MHCII+ cells from the thymus (top) and LNs
(bottom) in AireΔRORγt, AireΔVav1, or WT mice (n = 6 from each group). (B) Oral tolerance experimental setup is the same as Fig. 1 A. Flow cytometry quan-
tification of OT-II T cells from AireΔRORγt, AireΔVav1, or WTmousemLN after 2 days of OVA gavage (n = 6 forWT, n = 4 for AireΔRORγt, n = 2 for AireΔVav1). Data are
representative of three independent experiments. Error bars: mean ± SEM; statistics were calculated by an unpaired two-sided t test (A) and one-way ANOVA
with Tukey’s multiple comparisons test (B); ****P < 0.0001.
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