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Abstract

The transcription factor GATA3 is indispensable for the development of all interleukin-7 receptor
a (IL-7Ra)-expressing innate lymphoid cells (ILCs). However, the functional role of low GATA3
expression in committed ILC3s has not been identified. We report that GATAS regulates
homeostasis of ILC3s by controlling IL-7Ra expression. In addition, GATAS3 is critical for the
development of the NKp46™ ILC3 subset by regulating the balance between the transcription
factors T-bet and RORyt. Alhough GATAS3 positively regulates NKp46* ILC3 subset-specific
genes, it negatively regulates CCR6™ ILC3 subset lymphoid tissue inducer (LTi)-specific genes in
NKp46* ILC3s. Furthermore, GATAS is required for IL-22 production in both LTi and NKp46*
ILC3s. Thus, despite its low expression, GATA3 is critical for the homeostasis, development and
function of ILC3 subsets.
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Interleukin-7 receptor a (IL-7Ra)-expressing innate lymphoid cells (ILCs) are regarded as
the innate counterpart of the adaptive immune system’s CD4* T helper (TR) cells’. An
especially strong parallel is the expression of master regulatory transcription factors and
signature effector cytokines by distinct ILC and Ty subsets. For example, type 2 ILCs
(ILC2s) express the transcription factor GATA32' 34 5, which is the master regulator for
type 2 Ty (TH2) cells, and also secrete the prototypic T2 cytokines IL-5 and IL-13% 7.8,
Similarly, type 3 ILCs (ILC3s) express the transcription factor RORyt (encoded by the gene
Rorc) and are capable of producing IL-17 and IL—2291 10, 11, as do Ty17 cells. Finally, type 1
ILCs (ILC1s)12' 13 resemble T-bet-expressing Tyl cells whereas conventional natural killer
(cNK) cells appear to be the innate counterpart of CD8* T cells. Because of their capacity to
produce similar cytokines, these functionally related ILCs and Ty cells can participate in a
- . . 12 14 15, .

specific type of immune response but at different stages™ ™ "; they also interact or

. . .~ 1416 17 18 19
crosstalk with each other through multiple mechanisms™ "™ =+ 7> ™",

ILC3s consist of CCR6™ lymphoid tissue inducer (LTi) or LTi-like cells (we refer to these
cells as CCR6" ILC3s hereafter) and CCR6™ ILC3 Iineageszo. Some CCR6™ ILC3s express
a natural cytotoxicity triggering receptor (NCR), NKp46 (encoded by the AlcrZ gene) in
mouse” and NKp44 (encoded by the NCRZgene) in human®", CCR6"~ ILC3s represent a
separate ILC3 lineage that may eventually develop into NCR* ILCSszO. Unlike LTi cells,
CCRG6~ ILC3s are derived from PLZF* progenitors22 mainly after birth and they proliferate
dramatically in number at 3~4 weeks of age23. Although both CCR6* and NCR* ILC3s are
capable of producing IL—229, 114 key cytokine that is essential for a protective immune
response against intracellular bacteria such as Citrobacter rodentium, the unique function of
NCR™* ILC3s is still unclear.

In T cells, GATA3 not only regulates T2 differentiation, but also directs CD4* T cell
development24. Similar to its function in CD4* T cell development, GATAS is indispensable
for the development of all IL-7Ra-expressing ILC53, including ILC3s™. GATA3 expression
is high in ILC2s but it is also expressed at a low level in mature ILC1s and ILC3s. Although
expressed at a low level, GATAS is also required for maintaining ILC1 homeostasis12
However, it is unclear whether GATA3 has any function in mature 1LC3s.

Here we show that deletion of Gata3in already committed ILC3s by using Rorc-Cre blocks
further development of CCR6"NCR™ ILC3s into NCR™ ILC3s. Such arrest was partly due to
up-regulation of RORyt upon GATA3 removal. Furthermore, we found that GATA3 affected
homeostasis and function of ILC3s by positively regulating the expression of IL-7Ra and
IL-22, respectively. As a consequence, mice carrying a specific deletion of Gata3in ILC3s
succumbed to C. rodentium infection, which highlights the importance of maintained
GATAZ3 expression in the ILC3 lineages.

GATAZ3 affects ILC3 homeostasis via regulating IL-7Ra

To study the function of GATA3 in already developed ILC3s, we crossed mice carrying
floxed Gata.s’alleles26 to the Rorc-Cre mice27 to generate conditional Gata3 deficient mice
(Gata¥M Rorc-Cre, referred to as Gata3™-C3 hereafter) with GATAS3 deficiency only in cells
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that had expressed and/or were expressing RORyt, including ILC3s. Unlike Gata3V/fl var-
Cre mice that do not have lymph node structure’, Gata#M-C3 mice developed lymph nodes
suggesting that LTi cells were intact. Presumably because RORvt is also expressed during T
cell development at the immature DP stage in the thymu527, and GATAS3 is involved in CD4*
T development24, we observed a modest reduction in CD4" T cells (data not shown).

Since RORvt is not expressed in ILC progenitors such as common helper-like ILC
progenitors (ChILPs)12 and PLZF* common ILC progenitorszz, Gata3deletion in
GataF-C3 mice should not directly affect the development of ILC populations other than
ILC3s. Indeed, GATA3 was abolished only in ILC3s but not in ILC2s (Supplementary Fig.
1a, b). ILC3s from the small intestine lamina propria (siLP) of Gata3*-C3 had a clear
reduction of CD127 (IL-7Ra subunit) expression (Fig. 1a, b). CD127 expression was
reduced in both CCR6* and CCR6™ ILC3 subsets upon GATA3 deletion, but no substantial
changes of CD90, Kit, Sca-1, CD25, and CD44 expression were noted (Supplementary Fig.
2a). One week after tamoxifen treatment of the Gara3V/fliCre-ERT2 mice, we also detected a
similar reduction of CD127 expression in Gata3-deleted ILC3s (Fig. 1c) indicating that
GATAZ is constantly regired for regulating IL-7Ra expression in ILC3s. We then performed
an RNA-Seq analysis comparing gene expression profiles between wild type and Gara3PILC3
ILC3s from siLP. //7r (encoding IL-7Ra) was among the list of genes whose expression was
reduced in Gata3*LC3 |LC3s compared to wild type ILC3s (Supplementary Fig. 2b).

IL-7 signaling is critical for the survival and proliferation of lymphocytes including ILCs.
Indeed, the ratio of ILC3s to ILC2s was significantly reduced in Gata3*!-C3 mice compared
to that in wild type mice (Fig. 1d). Furthermore, we found that the percentage as well as the
absolute number of 1LC3 cells was also reduced in Gata3*'-C3 mice (Fig. 1e, f). Mixed bone
marrow (BM) chimera experiments showed that alhthough B cells from either donor
genotype of the chimeras populated normally in the irradiated Rag2/~1/2rg~'~ recipients,
Gata3MLC3 |LC3s could not efficiently populate compared to wild type ILC3s
(Supplementary Fig. 3a, b, ). These results indicate that the ILC3 cell number reduction in
Gata3 deficient mice is a cell intrinsic effect.

We restored CD127 expression in Gata3*LC3 ILC3 by crossing the Gata3*-C3 mouse strain
with a transgenic mouse line that carries an //7ratransgene driven by the human CD2
promoter (Fig. 1g). In the mixed BM chimeras experiments, CD127 expression in ILC3s of
different origin in the chimeric mice was identical to the CD127 expression in ILC3s found
in their respective donors as expected (Fig. 1g, h). Transgenic //7ra efficiently restored
CD127 in Gata?M-C3 |LC3s, and rescued the ILC3 cell number to that observed in wild
type chimeras (Fig. 1h, i). Therefore, GATAS3 affects the homeostasis of ILC3s by regulating
IL-7Ra expression.

We further performed anti-GATA3 chromatin immunoprecipitation (ChIP) followed by high
throughput sequencing (ChIP-Seq) with ILC3s, ILC2s and T2 cells. A common GATA3
binding peak located in the intron 2 of //7rawas identified in all three cell types (Fig. 1j).
Three GATAA motifs were found within the GATAS binding region. These results indicate
that direct regulation of //7raexpression by GATA3 may be a shared mechanism for GATA3
mediated homeostatic regulation of both innate and adaptive lymphocytes.
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GATA3 is indispensable for the development of NKp46* ILC3s

The expression of Ncrl was dramatically reduced in Gata3*-C3 ILC3s (Supplementary Fig.
2b) suggesting that GATA3 could play an important role during the development of NKp46*
ILC3s. Indeed, although both CCR6* and CCR6™ ILC3 lineages were present within the
RORyt* ILC3s in the Gata?*-C3 mice, the NKp46™ ILC3 population was drastically
reduced (Fig. 2a).

We then further divided the CCR6™ ILC3 lineage into three stages based on the expression
of T-bet and NKp46: NKp46~T-bet™, NKp46~T-bet* and NKp46* T-bet*. Both the NKp46~T-
bet™ and NKp46~T-bet" CCR6™ ILC3 populations in Gata3*'-C3 mice were only modestly
reduced in number similar to a reduction of CCR6™ ILC3s in these mice when compared to
the respective populations in wild type mice (Fig. 2b), likely due to the decreased CD127.
NKp46™ ILC3s were severely reduced in Gata3-C3 mice (Fig. 2b, 2c). Furthermore,
NKp46 expression was also reduced in the remaining Gata3-deficient NKp46* ILC3s (Fig.
2d). RORyt fate-mapping positive ILC1s (exILC3s) were also reduced in Gata3*-C3 mice,
while the RORvyt fate-mapping negative ILC1s were comparable between wild type and
Gata3M-C3 mice (Supplementary Fig. 4a, b).

NKp46* ILC3s are mainly enriched in the villi of the small intestine. Thus, we assessed the
distribution of NKp46* ILC3s by imaging the sections of the small intestines from wild type
and Gata3P!LC3 mice. There was only a slight reduction of NKp46~ ILC3s in the villi of the
Gata3MLC3 mice compared to those in the wild type mice, whereas NKp46* ILC3s were
nearly absent in Gata3*LC3 mice (Fig. 2e). NKp46* ILC3s in tamoxifen-treated
GataFfCre-ERT2 mice gradually decreased over time (Fig. 2f-h). Three months after
tamoxifen treatment of the Gata3V/fICre-ERT2 mice, NKp46™* ILC3s in these mice were
dramatically reduced and similar to that observed in Gata3*'-C3 mice (Supplementary Fig.
5). Since 1LC2s completely disappeared within 1 week of tamoxifen treatment whereas
NKp46* ILC3s were still present at a substantial number three weeks after Gata3 deletion,
we conclude that GATA3 plays a minimal role in the maintenance of NKp46* ILC3s and
that the major function of GATAS is to regulate the development of NKp46* ILC3s.
Restoration of CD127 in Gata3*LC3 ILC3s by transgenic //7ra did not rescue the
development of NKp46* ILC3s (Fig. 2i) indicating that GATA3 determines the development
of NKp46* ILC3s through a mechanism that is independent of CD127 regulation.

Gata3 deficiency in ILC3s results in RORyt upregulation

The development of NKp46* ILC3s requires T-bet expressionzov %, 29. However, within the
CCR6™NKp46~ ILC3s, we did not detect notable changes in T-bet expression after Gata3
deletion at the population level (Fig. 3a). Unlike GATAS binding to an intron of the 76x21
gene (encoding T-bet) in ILC2 and TH2 cells, through which GATA3 could silence T-bet
expression in these cells, GATA3 did not bind to the 76x21 locus in ILC3s, which may allow
T-bet to be expressed in this lineage (Fig. 3b).

Consistent with increased Rorc mRNA after Gata3 deletion (Supplementary Fig. 2b), flow
analysis also showed an increase in RORyt protein expression in Gata3-deleted ILC3s (Fig.
3c, d). This was true in both CCR6* and CCR6™ ILC3s (Supplementary Fig. 6a). Moreover,
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at the fetal stage, the Gara3*'-C3 LTi cells already had higher RORyt than wild type LTi cells
(Supplementary Fig. 6b). By using mixed BM chimeras, we confirmed that GATA3-
mediated suppression of RORyt expression was cell intrinsic (Supplementary Fig. 6¢).
Furthermore, we still detected an increased RORyt expression in ILC3s from the
GataPILC3hCD2-117ra mice, suggesting that GATA3 suppresses RORyt expression
independently of CD127 regulation (Supplementary Fig. 6d). One week after tamoxifen
treatment of the Gata¥V/fICre-ERT2 mice, RORyt expression was enhanced in ILC3s (Fig.
3e), indicating that GATA3 constantly restrains RORyt expression in mature ILC3s.

GATAS directly binds to the ~Rorc gene in T2 cells and regulatory T (Teg) cellsgo.
Consistent with previous reports, GATA3 binding to the same site of the Rorc locus was
found in ILC2s (Fig. 3f). A smaller but notable GATA3 binding peak at the same region was
also detected in ILC3s, suggesting that GATAS directly limits RORyt expression in ILC3s.

Interplay among RORyt, GATA3 and T-bet at different stages

To check whether a modest change in RORyt expression affects NKp46* ILC3 development,
we analyzed RORyt heterozygous mice in which one allele of Rorcis replaced by Gfp
(Rorc9*). Although the Rorcd* mice have been widely used as RORyt reporter mice and
considered as “wild type” animals, compared to the real wild type littermates, these RORyt
heterozygous mice had a dramatic increase of the NKp46* ILC3s (Fig. 4a,b). Furthermore,
Rorcd™* NKp46* ILC3s also had higher NKp46 and T-bet expression compared to wild
type NKp46* ILC3s (Fig. 4c). These results indicate that a reduction in RORyt expression
by half promotes the development of NKp46* ILC3s and T-bet expression in these cells.

To further understand the relationship between T-bet and RORyt in NKp46* ILC3s, we
generated a conditional RORYt heterozygous mice by crossing Rorc* mice with 74x21-Cre
mice (Rorc"* Thx21-Cre). The proportion of NKp46™ ILC3s did not increase in these mice
(Fig. 4d—e), unlike in Rorcd™'* mice, possibly due to a late deletion of the Rorc floxed allele
by Thx21-Cre. Nevertheless, just as in Rorcd™* NKp46* ILC3s, a similar increase of
NKp46 and T-bet expression was found in NKp46* ILC3s from the Rorc* Thx21-Cre mice
compared to that from wild type littermates (Fig. 4f). These results suggest that the cross-
regulation and a dynamic balance between T-bet and RORyt may determine the fate of
CCR6™NKp46~ ILC3s to become either CCR6"NKp46™* ILC3s or exILC3s.

Taking advantage of a previously generated T-bet-ZsGreen reporter mouseSl, we were able
to analyze RORvyt expression in CCR6™NKp46~T-bet-ZsG™ cells in the presence or absence
of T-bet. In the 7hx21~T-bet-ZsGreen mice, although T-bet is not expressed due to 7bx21
gene deletion, T-bet-ZsGreen expression in CCR6”NKp46~ ILC3s was comparable between
wild type and 7bx21 deficient mice, indicating that at this early phase, T-bet was
dispensable for its own expression (Fig. 4g, h). Importantly, RORyt in CCR6"NKp46~T-bet-
ZsG* were not increased in the absence of T-bet, suggesting that although T-bet suppresses
RORqt expression in NKp46* ILC3s as reported earlier, it does not suppress RORyt
expression in CCR6”NKp46~ ILC3s (Fig. 4i). Since RORyt was increased in the Gata3
deficient cells, we conclude that RORvt is regulated by GATA3 but not T-bet at early
developmental stages and that the interplay between GATA3 and RORyt precedes the
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balance between T-bet and RORyt, both of which are critical for the fate determination of the
NKp46* ILC3 lineage.

We corrected RORYt expression in Gata3*!-C3 |LC3s by crossing these mice with RorcdP/*
heterozygous mice. RORyt expression in ILC3s from the resultant Gata3*L-C3 Rorcd/* mice
was comparable to that in ILC3s from the wild type mice (Fig. 4j). More importantly, we
observed a rescue of NKp46* ILC3 development (Fig. 4k, I). These results indicate that
GATA3-mediated repression of RORyt in ILC3s at the early stages is critical for setting up
an environment where the cross-regulation and balance between T-bet and RORyt can take
place during the development of NKp46™ ILC3s.

Lineage specific gene regulation by GATA3 in ILC3 subsets

We further performed an RNA-Seq analysis of distinct ILC3 subsets. To obtain pure ILC3
subsets, we first generated an RORyt reporter mouse strain carrying a transgenic bacterial
artificial chromosome (BAC) containing the Rorc locus in which the DNA sequence of a
fluorescent protein, E2-Crimson, was inserted at the start codon (ATG) of the RORyt. In one
of the transgenic lines, RORyt-E2-Crimson-D9, E2-Crimson was highly expressed and
faithfully reflected the expression of endogenous RORYt (Fig. 5a). Unlike the RorcdTP/*
knock-in mice, our RORyt-E2-Crimson BAC transgenic mice had a normal distribution of
ILC3 subsets (data not shown). The RORyt-E2-Crimson reporter mice were then bred with
the T-bet-ZsGreen reporter to generate a T-bet plus RORyt double reporter strain to facilitate
sorting for the ILC3 subsets. Some of these double reporter mice were also bred onto the
GataF'-C3 background. CCR6™ and NKp46* 1LC3 subsets defined by the expression of the
reporters (RORyt-E2-Crimson* T-bet-ZsGreen CCR6* and RORyt-E2-Crimson*T-bet-
ZsGreen*NKp46* for the CCR6* and NKp46* ILC3 populations, respectively, Fig. 5b) were
then sorted from both wild type and Gata3'-C3 mice and subjected to RNA-Seq analysis.
Overall, GATA3 positively or negatively regulated (cutoff: >2 fold change of the genes with
an RPKM value >5) hundreds of genes in either CCR6* ILC3s (462 positively and 389
negatively) or NKp46* ILC3s (841 positively and 751 negatively, Supplementary Table 1).

Using the same cutoff, we also identified hundreds of genes that were preferentially
expressed by either CCR6™ ILC3s (420 genes) or NKp46* ILC3s (377 genes). To further
identify important genes that are most differentially expressed in CCR6" and NKp46*
ILC3s, we applied a more stringent cutoff: >4 fold change of the genes with an RPKM value
>10, which resulted in 78 CCR6*-ILC3-specific genes and 77 NKp46*-1LC3-specific genes
(Supplementary Table 1 and Fig. 5¢). CCR6*-1LC3-specific genes included those encoding
transcription factors such as EgrZ, Foxs1, 1d1 and /d3, and genes encoding cell surface
molecules such as Cxcrs, H2-Oa, Pdcdl, Ly6cl, Ly6c2, Nrpl, S1prlin addition to Ccr6. On
the other hand, NKp46*-1LC3-specific genes included those encoding transcription factors
such as Heyl, Ikzf3, Irf7and Tbx21, and genes encoding cell surface molecules such as
Ccr9, Cxcr3, Cxcré, Fasl, Icos, I112rb1, Ltb4r1 in addition to Ncrl. CCR6" ILC3s
preferentially expressed //17f, whereas NKp46* ILC3s preferentially expressed Csf2and
Areg, consistent with a previously reported findinggz.

Among the 78 CCR6*-ILC3-specific genes and 77 NKp46*-1LC3-specific genes, 12 and 39
genes were positively regulated by GATAS in these cells, respectively (Fig. 5d, e). Fifty out
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of the 78 CCR6*-1LC3-specific genes were negatively regulated by GATA3 in NKp46* cells
whereas 15 out of the 77 NKp46*-1LC3-specific genes were negatively regulated by GATA3
in CCR6™ cells (Fig. 5d, €). The fact that GATA3 promoted more than half of the NKp46*-
ILC3-specific genes, including //12rb1, Ltb4r1, Hey1, Ncrl, lkzf3and /cos, while inhibited
more than half of the CCR6*-1LC3-specific genes, including Cxcrs, 1d3, Egr2, Ly6c1 and
Ly6c2, in NKp46* ILC3s strongly supports the notion that GATA3 expression is particularly
important for specifying the NKp46™ lineage fate.

GATA3 regulates IL-22 production by ILC3s

Among the 122 and 45 genes that were positively regulated by GATA3 (> 4 fold,
RPKM>10) in CCR6" and NKp46* ILC3s, respectively, 9 genes, including ArgZand //22,
were induced by GATAS in both cell types (Supplementary Table 1 and Fig. 6a).
Furthermore, GATA3 positively regulated the expression of AAr (> 2 fold) in both CCR6*
and NKp46* ILC3s (Supplementary Table 1). Although IL-22 production by NKp46* ILC3s
has been correlated with the resistance of mice to Citrobacter rodentium infection, both
CCR6" and NKp46* ILC3s are capable of producing I1L-22. Indeed, our RNA-Seq results
showed that both subsets expressed equivalent amounts of //22mRNA, but //22 expression
was dramatically reduced when GATA3 was absent in these cells (Fig. 6b). Our anti-GATA3
ChIP-Seq results showed that GATA3 bound to the promoter of the //22gene only in ILC3s
but not in ILC2s or T2 cells (Fig. 6¢). A GATA3-binding motif, AGATAA, was identified
in the middle of the GATAS3 binding region. Thus, //22is likely a direct target for GATAS3 in
both ILC3 subsets.

Compared to GatafM ILC3s, GataFP!-C3 ILC3s showed reduced 1L-22 production by
~50% in percentage (Fig. 6d). //7ratransgene restored the IL-7Ra expression in Gata3*L-C3
ILC3s as shown above, but it did not correct the defect of such cells in producing 1L-22 (Fig.
6d). /n vitro stimulation by 1L-23 induced IL-22 production in both wild type and
Gata3MLC3 |LC3s (Fig. 6d, 6€). However, IL-22 production was still substantially lower in
GataF'-C3 |LC3s than in wild type ILC3s.

To further address the importance of GATA3 expression in ILC3s during immune responses,
we used C. rodentium infection model. Since Gata3™-C3 mice had somewnhat altered T cell
development as mentioned above, we bred these mice onto a Rag? deficient background to
generate Ragl™'~Gata3*'-C3 and used Ragl™~ GataFf as “wild type” controls. ILC3s from
the Ragl'~ Gata3*-C3 mice expressed less IL-7Ra but more RORyt protein compared to
ILC3s from Ragl'~ Gata¥/M mice, as expected (Supplementary Fig. 7a). A blockage in
NKp46* ILC3 development was also observed in the RagZ/~ Gata3*-C3 mice
(Supplementary Fig. 7b). Four days after infection, we detected a much lower frequency of
ILC3s from Ragl'~ Gata3™-C3 mice expressing IL-22 as compared to ILC3s from

Rag1'~ Gata3Vfl control mice (Fig. 6f). The total numbers of IL-22-producing I1LC3s as
well as the IL-22 MFI were significantly reduced in Ragz™'~ Gata3*-C3 mice compared to
the control mice (Fig. 6g). We also detected reduced IL-22 but not IL-17a in the culture
supernatant of Ragl~'~ Gata3*'-C3 colon lymphocytes (Fig. 6h). Consequently,

Rag1™~ Gata3*-C3 mice experienced significant weigh loss starting from day 9 after
infection (Fig. 6i). Although the vast majority of the Ragz~~ GataFf! control mice survived
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infection at the end of the experiments, all the RagZ™'~ Gata3*-C3 mice died by 12 days
after infection (Fig. 6j).

DISCUSSION

In this study, we have demonstrated that GATAS is critical for the homeostasis of ILC3s, the
development of NKp46* ILC3s and 1L-22 production by ILC3s.

IL-7Ra signaling is required for ILC development, survival and proliferation. IL-7Ra
expression in ILC3s needs continuous expression of GATA3, and GATA3 binds to a region
within intron 2 of the //7rgene. The binding pattern is very similar to that found in ILC3s,
ILC2s and T2 cells, although the expression of GATA3 is lower in ILC3s than in ILC2s
and TH2 cells. This suggests that low GATA3 expression may be necessary and sufficient for
regulating IL-7Ra expression and that GATA3-mediated IL-7Ra expression may be a
common mechanism through which GATAS regulates the homeostasis of innate and
adaptive lymphocytes.

Besides regulating ILC3 homeostasis, GATA3 is critical for the development of NKp46*
ILC3s from CCR6™NKp46~T-bet* ILC3s. Graded expression of T-bet is important for
NKp46* ILC3 lineage development and T-bet suppresses RORyt expression in NKp46*
ILCSSZO. Here, we also report that RORyt suppresses T-bet expression in NKp46* ILC3s.
Therefore, the balance between T-bet and RORyt may determine NKp46* ILC3 fates.
Although initial T-bet induction is not impaired in GATA3 deficient ILC3s, RORyt
expression is enhanced in the absence of GATA3. On the other hand, T-bet deficiency
abolishes the development of NKp46™ cells, RORyt expression does not increase after T-bet
deletion. These results indicate that there is a sequential involvement of GATAS3 and T-bet in
suppressing RORyt expression during the development of NKp46* ILC3s.

RORqt heterozygous mice have increased percentage of NKp46™ ILC3 compared to their
wild type littermates. By correcting RORyt expression in Gata3 deficient ILC3s, the
development of NKp46* ILC3s was partially restored. These results suggest that GATA3
affects the balance between T-bet and RORyt particularly at the early stage of NKp46* ILC3
development and that sequential repression of RORyt first by GATA3 and then by T-bet is
necessary for the development and maturation of CCR6- ILC3s into NKp46* cells. The
delicate cross-regulation between T-bet, GATA3 and RORyt at different stages offers a
plausible explanation for why the development of NKp46* ILC3s requires all three
seemingly antagonistic transcription factors.

CCR6™* LTi and NKp46™ ILC3s are two separate ILC3 populations and they develop from
different progenitorszz. Despite of their developmental and functional differences, only one
study so far has assessed global gene expression in these cells®?. Since ILC3s from the GFP
knock-in RORyt heterozygous reporter mice were used in the previous study, some findings
may not truly reflect the gene expression in wild type ILC3s. Our results from using a
double BAC T-bet plus RORyt reporter strain should better reflect the gene expression
profiles in CCR6* (RORyt*T-bet™) and NKp46* (RORyt*T-bet*) ILC3 populations. Indeed,
we not only observed a similar pattern of expression of most of the genes that were
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highlighted in the previous study, but also detected dozens of many lineage-specific genes
that were not reported before. Thus, our datasets will be important for further understanding
the biology as well as development of these two distinct ILC3 subsets.

Globally, GATA3 regulates hundreds of genes, either positively or negatively, in each ILC3
subset. Although more than half of the NKp46* ILC3 specific genes are positively regulated
by GATA3 in NKp46* cells, the majority of the CCR6" ILC3 specific genes are negatively
regulated by GATA3 in NKp46™ cells. This suggests that GATA3 may be an important
switch in determining cell fate between NKp46* and CCR6* ILC3s, or possibly between
CCR6* and CCR6™ ILCs at earlier development stages. Interestingly, genes that are
positively regulated by GATA3 in one ILC3 lineage could be negatively regulated by
GATAZ in the other ILC3 lineage. All these results indicate that GATA3 regulates the
expression of many lineage specific genes in these two ILC3 subsets in a cell-context
dependent manner; GATA3 together with other lineage specific transcription factors, such as
T-bet, Hey1, 1kzf3, 1d3, Egr2 etc., many of which are newly identified in this study, form
distinct transcriptional regulatory networks in defining ILC3 subsets.

Besides its effect on 1LC3 homeostasis and NKp46* ILC3 subset development, GATA3 also
regulates their expression of the critical ILC3 effector cytokine IL-22. GATAS directly binds
to the promoter of the //22gene only in ILC3s, but not in ILC2s or in T2 cells. Besides
directly regulating //22transcription, GATA3 may also indirectly affect /22 expression by
regulating the expression of Ahr, a transcription factor critical for 1L-22 productionle' 8
The relative contribution of these two mechanisms in IL-22 production requires further
investigation. Consistent with all these phenotypical changes, mice with Gata3 deficiency in
ILC3s are susceptible to C. rodentium infection.

In summary, although GATAS3 is expressed at low levels in ILC3s, it plays a critical role in
modulating the homeostasis, development and functions of the ILC3 subsets by directly
regulating the expression of several important genes including //7r, Rorcand //22.

METHODS

Methods and any associated references are available in the online version of the paper.

ONLINE METHODS

Mice

GataFM and GataFflCre-ERT2 mice on the C57BL/6 background were previously
described’. To delete Gata3in the GataFfiCre-ERT2 mice, the mice were given
intraperitoneal injection of 5 mg tamoxifen in corn oil every other day for three times as
previously described and analyzed on indicated days after the first injection. Gata3/f! mice
were bred with the Rorc-Cre transgenic mice on the C57BL/6 background (a gift originally
from Dr. Dan R. Littman of NYU, now also available at the Jackson Laboratory as Jax line
022791) to generate the Gata3*'-C3 mouse strain. Some GataFf and Gata3*'-C3 mice were
further bred with Tg-ACD2-1/7ra mice34 on the C57BL/6 background (kindly provided by
Dr. Alfred Singer of NCI) or RagZ~/~ mice (Taconic Line 146) to obtain Gata¥/lhcD2-
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l7raand GataM-C3hCD2-117ramice or Ragl™~ Gata3V and Rag1™'- Gata3™'-C3 mice.
Some Rorc-Cre and Gata3P!LC3 mice were bred with the R0sa261970Mat0 reporter mice (Jax
line 007914), in which a loxP-STOP codon-loxP-tdTomato cassette was targeted to the
ubiquitously expressed Rosa26 locus. In the resultant mice, tdTomato™ cells represent the
RORyt-expressed and/or -expressing cells either in wild type (WT) and Gata®*!-C3 mice.
Rorc-gfp K1 mice (Jax line 007571), Rorc floxed mice (Jax line 008771) and 7bx21-Cre
mice (a gift originally from Dr. Catherine Dulac of Harvard, now also available as Jax line
024507) were purchased from Jackson Laboratory. CD45.1 congenic mice (Taconic line 7)
and RagZ '~ 112rg™'~ mice (Taconic line 111) were from the NIAID-Taconic repository. T-
bet-ZsGreen reporter mice on wild type or 76x21~'~ background were previously
describedsl. RORyt reporter mice, RORyt-E2-Crimson, were generated by bacterial artificial
chromasome (BAC) transgenic strategy. Briefly, the coding region of a fluorescent protein
E2-Crimson was amplified by PCR from vector plasmid pE2-Crimson-C1 (Clontech
Laboratories, Inc.) and inserted at the ATG translational starting site of the coding sequence
for RORyt in the BAC clone RP23-263117 by recombineering technology. The primer
sequences are: 5’-
GCTGTCCTGGGCTACCCTACTGAGGAGGACAGGGAGCCAAGTTCTCAGTCATGGA
TAGCACTGAGAACGTC-3" and 5’-
AGGACCCAGGCTCCCCCATGACCGGATGCCCCCATTCACTTACTTCTCATCAAACC
ACAACTAGAATGCAGTG-3'.

The modified BAC clone was confirmed by sequencing and microinjected into fertilized
C57BL/6 eggs to generate RORyt-E2-Crimson mice. The founders of the transgenic mice
were screened by Southern blot, PCR and FACS analysis for the intensity of E2-Crimson
expression in peripheral blood lymphocytes. The offspring of one founder (D9) bearing a
strong E2-Crimson fluorescent signal were selectively maintained. The RORyt-E2-Crimson
mice were genotyped by the following primers: E2-Crimson (F), 5°-
GATAGCACTGAGAACGTCATC-3’ and E2-Crimson (R), 5°-
CCAGAGTCTTCTTCTGCATTA-3’. Some RORyt-E2-Crimson mice were bred with
GataF VM T-bet-ZsGreen or Gata!-C3T-bet-ZsGreen mice to generate RORyt and T-bet
dual-reporter mice with or without Gata3 deletion in ILC3s. All mice were bred and/or
maintained in the NIAID-specific pathogen-free animal facility. All experiments were done
with mice of 6 to 16 weeks under protocols approved by the NIAID Animal Care and Use
Committee.

Citrobacter rodentium infection

For C. rodentium (formerly Citrobacter freundii, biotype 4280) infections, strain DBS100
(kindly provided by Dr. David Artis, University of Pennsylvania, Philadelphia,
Pennsylvania, USA) was prepared by selecting a single colony and cultured in LB broth for
8 hours. Mice were inoculated with approximately 1 x 1010 colony forming units (CFU) in
200 uL of PBS via oral gavage.

Cell preparation and stimulation

In the mixed bone marrow chimera experiments, total bone marrow cells were recovered
from Taconic line 7, Gatadf and Gata3*-C3, or other donors, and adoptively transferred
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into sublethally irradiated (450 Rad) Rag2~'~1/2rg™"~ mice. For preparing and analyzing
ILCs, we used small intestine lamina propria (siLP) and colon lamina propria (cLP) with the
following steps. Small intestine and colon were harvested from euthanized mice and the
contents were emptied. Peyer’s patches were removed from small intestine. Small intestine
and colon were then opened longitudinally, cut into 1 cm pieces and shaken at 37 °C for 20
min in RPMI 1640 media containing 3% FBS, 5 mM EDTA and 1 mM DTT followed by
vortexed three times with RPMI 1640 media containing 2 mM EDTA to dissociate epithelial
cells. The remained fragments were minced with scissor and digested at 37 °C for 30 min in
RPMI 1640 media containing 0.1 mg/ml Liberase and 0.01% DNase I. The digested tissues
were passed through a 40-um filter, centrifuged at 1600 rpm for 6 min and resuspended in
HBSS containing 3% FBS for further analysis.

For analysis of cytokine production by ILC3s, isolated siLP or cLP lymphocytes were
resuspended by RPMI media containing 10% FBS and 2 ng/ml IL-7. In certain experiment
as indicated, cells were also stimulated with 2 ng/ml IL-23. The cells were incubated at

37 °C for 3 hours with the presence of 2 mM monensin in the last 2 hours.

Flow cytometry analysis

Single-cell suspensions or stimulated cells were first incubated with anti-CD16/32 (clone
2.4G2) for 10 min to block Fc receptors. Cell surface molecules were then stained in HBSS
with 3% FBS followed by fixation. For intracellular staining of transcription factors, cells
were fixed and permeabilized with Foxp3 staining buffer set purchased from eBioscience.
For intracellular cytokine staining, cells were fixed in 1% formyl saline and permeabilized
by 0.1% saponin buffer. Flow cytometry data were collected with LSR 1l (BD Biosciences)
and the results were analyzed by FlowJo software (Tree Star).

Antibodies specific to mouse CD3 (2C11), CD5 (53-7.3), CD19 (eBiolD3), Gr-1 (RB6-
8C5), CD45R (RA3-6B2), CD4 (RM4-5), NKp46 (29A1.4), Sca-1 (D7), CD25 (eBio3C7),
CD45.1 (A20), CD45.2 (104), IL-22 (1L22JOP) were purchased from eBioscience;
antibodies specific to mouse CD127 (A7R34), CCR6 (29-2L17), CD117 (2B8) were
purchased from Biolegend; antibodies specific to mouse RORyt (Q31-378), GATA-3 (L50-
823), T-bet (O4-46) were purchased from BD Biosciences.

Immunofluorescence staining

Ileum part of small intestine was prepared as a “Swiss roll” and treated with the fixation and
permeabilization solution (BD bioscience, 554722) for 12 hours followed by dehydrated in
30% sucrose prior to embedding in OCT freezing media (Sakura Finetek). 18 um sections
were cut on a CM3050S cryostat (Leica) and adhered to Superfrost Plus slides (VWR).
Frozen sections were permeabilized and blocked in PBS containing 0.1% Triton X-100
(Sigma) and 10% normal mouse serum (Jackson Immunoresearch) followed by staining in
PBS containing 0.01% Triton X-100 and 5% normal mouse serum. Mouse NKp46 was
stained with polyclonal goat anti-mouse NKp46 serum (AF2225; R&D Systems), followed
by Alexa Fluor 555—conjugated donkey antibody to goat (anti-goat; A21432; Molecular
Probes). RORyt was stained with monoclonal anti-Human/Mouse RORvyt antibody
(AFKJS-9; eBioscience), followed by Alexa Fluor 488—conjugated goat antibody to rat
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(anti-rat; A11006; Molecular Probes). Mouse epithelial cell adhesion molecule (EpCAM)
and CD3¢ was stained with rat anti-mouse EpCAM (G8.8; BD Pharmingen) and rat anti-
mouse CD3e (17A2; biolegend). After staining, slides are mounted with Fluormount G
(Southern Biotech), and examined on a Leica TCS SP8 confocal microscope. Images were
analyzed by Imaris software (Bitplane).

RNA-Seq, ChIP-Seq and data analysis

Statistics

For total 1LC3 RNA-Seq, live Lineage CD127+Thy1MIhK L RG-1~ cells were sorted from
SiLP of GataFf and Gata3*-C3 mice by FACSAria. For ILC3 subsets RNA-Seq, distinct
ILC subsets were sorted from siLP of RORyt-E2-Crimson plus T-bet-ZsGreen dual-reporter
on the Gata¥M or Gara3*'-C3 background. Total RNA was purified by QIAzol lysis reagent
and miRNeasy Micro Kit (Qiagen). 10-20 ng of total RNA was amplified with the Ovation
RNA-Seq System V2 (NuGEN). The double-stranded cDNA was then sonicated (30” on and
30" off for 20 cycles) to an average size of 200 bp by Bioruptor Pico (Diagenode). Indexed
sequencing libraries were then generated using 250 ng sonicated cDNA with the KAPA LTP
Library Preparation Kit (KAPABiosystems) according to the manufacture’s protocol with
minor modifications. Multiplex sequencing reads of 50 bp were generated by the NHLBI
DNA Sequencing and Computational Biology Core. Sequencing reads were mapped to the
mm9 genome (UCSC Genome Browser). Gene expression levels in each sample were
calculated by the RPKM (reads per kilobase of exon per million total reads) values.
Differentially expressed genes were identified by edgeR with two cutoffs satisfying the
following criteria: fold change >4, RPKM >10 in either sample or fold change >2, RPKM
>5 in either sample.

For ChIP-Seq, live Lineage CD127+Thy1MIhK I RG-1"NK1.1~ ILC3s were sorted from
SiLP of Rag1~/~ mice, live Lineage"CD127*Thy1*KLRG-1* ILC2s were sorted from
mesenteric lymph nodes of IL-25-injected RagZ~'~ mice, and T2 cells were prepared from
three round differentiated naive CD4* T cells as previous described™". Cells were cross-
linked with 1% formaldehyde for 10 min. Chromatin was prepared by sonication with
Bioruptor Pico (30” on and 30” off for 9 cycles) and immunoprecipitated with anti-GATA3
(L50-823) and anti-mouse IgG-coated magnetic beads using iDeal ChlP-Seq Kit for
transcription factors (Diagenode). ChlPed DNA was made into an indexed library and
sequenced as described above for RNA-Seq.

Samples were compared using Prism 6 software (GraphPad) by either a two-tailed unpaired
Student’s #test or one-way or two-way ANOVA. A Pvalue of <0.05 was considered as
significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

GATAS regulates IL-7Ra expression and ILC3 homeostasis. (a, b) Lymphocytes from small
intestine lamina propria (siLP) of wild type (WT, Gata3"/™) and Gata3*'-C3 mice (n=5) were
stained with anti-CD127 (IL-7Ra), lineage markers (CD3e, CD5, CD19, B220, and Gr-1)
and RORyt. CD127 expression on the ILC3s (live lineage™ CD127*RORyt*) from siLP
assessed by flow cytometry (a), and the mean fluorescent intensity (MFI) of CD127
expression by siLP or colon lamina propria (CLP) ILC3s (b). (c) Gata3V/fICre-ERT2 mice
(n=3) were treated with tamoxifen. One week later, lymphocytes from siLP were analyzed as
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in a. (d—f) Lymphocytes from siLP and cLP of the Gata3/f! (n=11) and Gata3!-C3 mice
(n=8) were stained as in a. The ratio of ILC3s (live lineage"CD127+*RORyt*) to ILC2s (live
lineage"CD127*GATA3*) was calculated (d). Percentages of ILC3s within the live lineage™
population (e), and total ILC3 cell numbers (f) in gut tissues are shown. (g) Lymphocytes
from siLP of different mouse strains (n=3) were analyzed as in a. (h, i) Bone marrow (BM)
cells from GataPLC3, GataP'-C3hCD2-117ra, or GataF hCD2-117ra mice were co-
transferred with congenic CD45.1 BM at 1:1 ratio into sublethally irradiated Rag2/~ 1/2rg™~
recipients. CD127 level in ILC3s (h) and the composition of mixed ILC3s (i) in the siLP of
chimeras (n=5) were analyzed 4-6 weeks later. (j) A UCSC (University of California, Santa
Cruz) genome browser screen shot showing the normalized anti-GATA3 ChIP-Seq read
density around //7rfrom different cells, with genomic region enriched with GATA3 binding
highlighted by arrows. Each error bar represents s.d. of the mean. NS not significant,
*£<0.05, **F<0.01, ***P<0.001 (two-tailed unpaired Student’s #test). Data are
representative of at least three (a, b), two (g, h, i) independent experiments and one
experiment (c, j) or a combination of more than three experiments (d, e, f).
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Figure 2.
GATAZ3 is indispensable for the development of NKp46* ILC3s. (a—d) Lymphocytes from

the siLP of the Gata¥'/f and Gata3*'-C3 mice (n>=3) were prepared and stained with live/
dead dye and antibodies to NKp46, CCR6, CD127, lineage markers, RORyt and T-bet.
Different subsets of ILC3s (live lineage"CD127+*RORyt™) were analyzed by flow cytometry
(a). Absolute cell number of distinct ILC3 subsets in siLP (b). The percentage of NKp46*
ILC3 within the CCR6™ ILC3 lineage (c). The MFI of NKp46 expression within NKp46*
ILC3s (d). (e) Distribution of NKp46* ILC3s in small intestine villi was checked via
imaging of the tissue sections after antibody staining. Frequency of appearance of indicated
cell population within every 104 um? villi area in the section was counted and calculated.
The white bars within the images reprent 25 um in length. (f-h) Gata3/fCre-ERT2 mice
(n=3 per group) were treated with tamoxifen every other day for three times to delete Gata3.
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3 weeks, 2 weeks, and 1 week after the first treatment, lymphocytes from siLP of these mice
were analyzed as in a. Untreated mice (n=3) were used as control. Different subsets of
ILC3s (live lineage"CD127*RORyt*) were analyzed by flow cytometry (f). Percentage of
NKp46* ILC3 within CCR6~ ILC3 lineage (g) and the MFI of NKp46 expression (h) at
various time points after tamoxifen treatment were calculated. (i) Lymphocytes from siLP of
indicated mice (n=3 per group) were stained as in a. Different subsets of ILC3s (live
lineage"CD127"RORyt*) were analyzed by flow cytometry. Each error bar represents s.d. of
the mean. NS not significant, */<0.05, **/£<0.01, ***/<0.001 (two-tailed unpaired
Student’s #test). Data are representative of at least three (a, d), two (e, i) independent
experiments and one experiment (f, g, h) or a combination of at least three experiments (b,

C).
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Figure 3.

GATAZ3 negatively regulates RORyt without affecting T-bet expression. (a) Lymphocytes
from the siLP of the Gata3'/f and Gata?*'-C3 mice (n=3) were prepared and stained as in
Fig. 2a. Live lineage™ cells were separated into different ILC3 populations by gating and T-
bet expression of each subset is shown. T-bet staining in CCR6" ILC3s was used as a
negative control. (b) A UCSC genome browser screen shot showing the normalized anti-
GATA3 ChlP-Seq read density around 76x21 from ILC3s, ILC2s and Ty2 cells, with
genomic region enriched with GATA3 binding highlighted by arrows. (c, d) Lymphocytes
from the siLP and cLP of the Gata#/f and Gata3*'-C3 mice (n=5) were prepared and
stained as in a. RORyt level in siLP ILC3s of Gatad/fl and Gara3*'-C3 mice was analyzed
by flow cytometry (c). MFI of RORyt level in siLP and cLP ILC3s from Gata3Vfl and
Gata3M-C3 mice was calculated (d). (e) Gata3VflCre-ERT2 mice (n=3 per group) were
treated with tamoxifen every other day for three times. One week after the first injection,
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lymphocytes from siLP were harvested and stained as in Fig. 1c. RORyt expression by siLP
ILC3s from untreated and tamoxifen treated Gata/fiCre-ERT2 mice was analyzed. (f) A
UCSC genome browser screen shot showing the normalized anti-GATA3 ChIP-Seq read
density around Rorcfrom ILC3s, ILC2s and T2 cells, with genomic region enriched with
GATAZ3 binding highlighted by arrows. Two putative GATA3 binding motifs with consensus
GATAS3 hinding sequence, as indicated by red color, were identified within the peak area.
Each error bar represents s.d. of the mean. ***/<0.001 (two-tailed unpaired Student’s #
test). Data are representative of at least three independent experiments (a, ¢, d) and one
experiment (b, e, f).
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Figure 4.

The interplay among RORyt, GATA3 and T-bet regulates the development of NKp46* ILC3
at different stages. (a—c) Lymphocytes from the siLP of the Rorc** and Rorc3/* mice
(n=3) were stained as in Fig. 2a. Different subsets of ILC3s were analyzed by flow
cytometry (a). The total NKp46* ILC3 cell number and the frequency of NKp46* ILC3s
were calculated (b). The MFI of NKp46 expression within NKp46* ILC3s were compared
(). (d-f) Lymphocytes from the siLP of the Rord* and Rord* Thx21-Cre mice (n=2)
were stained as in a. Different subsets of ILC3s were analyzed by flow cytometry (d). The
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frequency of NKp46* ILC3 was calculated (). The MFI of NKp46 expression within
NKp46* ILC3s were compared (f). (g, h, i) Lymphocytes from the siLP of the 76x27*/* and
Thx217!~ mice that also carrying T-bet-ZsGreen (n=3) were stained as in a. Live lineage~
cells were separated into different ILC3 populations by gating and T-bet-ZsGreen reporter
expression in NKp46~ ILC3s is shown (g). Percentage of T-bet-ZsGreen* ILC3s within
CCR6™NKp46™~ population was calculated (h). RORyt expression and MFI in
ZsGreen"CCR6™NKp46~ and ZsGreen*CCR6™NKp46~ ILC3s was analyzed (i). (j-I)
Lymphocytes from the siLP of indicated mice (n>=3 per group) were stained as in a. RORyt
level was assessed by flow cytometry (j). Different subsets of ILC3s were analyzed by flow
cytometry (k). The percentage of NKp46* ILC3 within the CCR6™ ILC3 lineage was
calculated (I). Each error bar represents s.d. of the mean. NS not significant, *£<0.05,
***P<0.001 (two-tailed unpaired Student’s £test). Data are representative of at least three
(a—c, j, k) and two (d-i) independent experiments or a combination of four experiments (l).
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GATA3 globally regulates lineage-preferred genes that are selectively expressed by CCR6*
or NKp46™ ILC3 subsets. (a) Map of the RORyt-E2-Crimson BAC construct used for
making transgenic mice. Lymphocytes from the siLP of the RORyt-E2-Crimson BAC
transgenic reporter were stained as in Fig. 1a. Co-expression of RORyt and E2-Crimson in
ILCs (live lineage™ CD127*) were analyzed by flow cytometry. (b) Lymphocytes from the
SiLP of the T-bet-ZsGreen and RORyt-E2-Crimson dual-reporter mice were stained as in
Fig. 2a. T-bet-ZsGreen single reporter mice were taken as negative control for RORyt-E2-
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Crimson. Lineage"CD127*E2-Crimson*NKp46*ZsGreen*CCR6™~ and lineage"CD127*E2-
Crimson*NKp46~ZsGreen™ CCR6" populations were gated to guide cell sorting for NKp46*
and CCR6* ILC3s, respectively. (c, d, e) RNA-Seq analyses were carried out with sorted
NKp46* and CCR6™ ILC3s as illustrated in b from siLP of the Gata3/fl and Gata3*!-C3 that
also carried T-bet-ZsGreen and RORyt-E2-Crimson dual-reporter. Heatmap showing the 77
and 78 genes that were preferentially expressed by NKp46* and CCR6* ILC3s, respectively
(fold change >4, RPKM value >10 in either sample). Several representative genes were
highlighted (c) Venn diagram showing the 77 NKp46* ILC3 specific genes that were
positively regulated (> 2 fold) by GATA3 in NKp46* ILC3s and/or negatively regulated (> 2
fold) by GATA3 in CCR6* ILC3s (d). Venn diagram showing the 78 CCR6™ ILC3 specific
genes that were positively regulated (> 2 fold) by GATA3 in CCR6* ILC3s and/or negatively
regulated (> 2 fold) by GATA3 in NKp46* ILC3s (). Data are representative of one
experiment with duplicates.
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GATAZ3 regulates I1L-22 production by ILC3s and thus susceptibility of mice to C. rodentium
infection. (a) Venn diagram showing genes that were positively regulated by GATA3 in

ILC3 subsets. (b) Bar graph showing alteration of //22mRNA (based on RPKM values from
RNA-Seq) in ILC3s upon Gata3removal. ¢, A UCSC genome browser screen shot showing
the normalized anti-GATA3 ChlP-Seq read density around //22from indicated cells. (d)
Lymphocytes from siLP of the indicated mice (n=3 per group) were cultured /n7 vitrofor 3
hours. Production of IL-22 by ILCs was analyzed by flow cytometry and the percentage of
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IL-22* ILC3s among RORyt™ cells was plotted. (e) Similar analyses were carried out as in d,
except for the cells were treated with 1L-23 for 3 hours. (f-h) Gata#'/!l (n=4) and Gara3*!LC3
(n=5) mice on the RagZ~'~ background were infected with C. rodentium. |L-22 production
and T-bet expression by cLP ILC3s were analyzed ex vivo 4 days after infection (f). ILC3
total cell number, percentage of 1L-22-producing cells within ILC3s, and IL-22 MFI within
IL-22* ILC3s were calculated (g). The amount of 1L-22 and IL-17a in the supernatant of
cultured cLP cells was analyzed with multiplex cytokine assay (h). (i, j) Ragl™~ Gata3-C3
(n=4) and Rag1™~ Gata¥V! (n=6) mice were infected with C. rodentium. Weight loss (i) and
survival rate (j) of Ragz™~ Gata¥M and Rag1~'~ Gata3*'-C3 was monitored. Each error bar
represents s.d. of the mean. NS not significant, */<0.05, **/<0.01, ***/<0.001 (two-tailed
unpaired Student’s #test, except for i with one way ANOVA and j with two-way ANOVA).
Data are representative of at least three (d, e), two (f) independent experiments and one
experiment (a—c, i, j) or a combination of two experiments (g, h).
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