iSCience ¢? CellP’ress

OPEN ACCESS

AIM2 promotes Ty17 cells differentiation by
regulating RORYt transcription activity

Jefferson Anténio
Leite, Luisa
Menezes, Eloisa
Martins, ..., Ari

TCR ' e ” (© ] Waisman, Daniela

L Carlos, Niels Olsen
"" Saraiva Camara
CD28 8
IL-6R TGF-B1R jeffersonleite@usp.br (J.A.L.)
IL-23R IL-1R1 waisman@uni-mainz.de (A.W.)
danicar@usp.br (D.C.)

niels@icb.usp.br (N.O.S.C))

Highlights

AIM2 is crucial for the
optimal differentiation of
Th17 cells and IL-17A
production

The absence of AIM2 in
CD4" T cells was
associated with a failure to
induce colitis in mice

IRF4 regulates AIM2
expression during Th17 cell
differentiation

Aim2 promoter 1117a promoter N AIMZ2's nuclear interaction
with RORyt boosts Th17

differentiation and IL-17A
production

Leite et al., iScience 26, 108134
November 17, 2023 © 2023 The
Author(s).
https://doi.org/10.1016/
j.isci.2023.108134



mailto:jeffersonleite@usp.br
mailto:waisman@uni-mainz.de
mailto:danicar@usp.br
mailto:niels@icb.usp.br
https://doi.org/10.1016/j.isci.2023.108134
https://doi.org/10.1016/j.isci.2023.108134
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2023.108134&domain=pdf

iIScience ¢? CellP’ress

OPEN ACCESS

AIM2 promotes Ty17 cells differentiation
by regulating RORYt transcription activity

Jefferson Anténio Leite,"*’/-* Luisa Menezes,* Eloisa Martins,*> Tamara Silva Rodrigues,’-® Lucas Tavares,*
Anna Ebering,” Carsten Schelmbauer,” Guilherme C. Martelossi Cebinelli,’? Valeriya Zinina,” Artemiy Golden,’
Natalia Soshnikova,” Dario S. Zamboni,®> Fernando Q. Cunha,” Magdalena Huber,® Jodo Santana Silva,’¢

Ari Waisman,”-* Daniela Carlos,"* and Niels Olsen Saraiva Cdmara'#+>.7*

SUMMARY

AIM2 is an interferon-inducible HIN-200 protein family member and is well-documented for its roles in
innate immune responses as a DNA sensor. Recent studies have highlighted AIM2’s function on regulatory
T cells (Treg) and follicular T cells (Tfh). However, its involvement in Th17 cell differentiation remains un-
clear. This study reveals that AIM2 promotes Th17 cell differentiation. AIM2 deficiency decreases IL-17A
production and downregulates key Th17 associated proteins (RORYt, IL-1R1, IL-23R). AIM2 is located in
the nucleus of Th17 cells, where it interacts with RORyt, enhancing its binding to the 1117a promoter.
The absence of AIM2 hinders naive CD4 T cells from differentiating into functional Th17 cells and from
inducing colitis in Rag1~/~ mice. This study uncovers AIM2's role as a regulator of Th17 cell transcriptional
programming, highlighting its potential as a therapeutic target for Th17 cell-mediated inflammatory dis-
eases.

INTRODUCTION

The absent in melanoma 2 (AIM2) is a protein belonging to the interferon-inducible HIN-200 protein family," first described as a tumor growth
suppressor gene.” Expression of AIM2 is induced after exposure to IFN-y,” but unlike other members of the interferon-inducible family, AIM2
has a cytoplasmic localization.” AIM2 was shown to be involved in innate immunity by acting as a double-stranded DNA (dsDNA) sensor.>” In
macrophages, AIM2 is expressed in the cytosol where it can directly bind to dsDNA from pathogens or self-DNA from death cells. The binding
of DNA to AIM2 initiate the assembly of the AIM2 inflammasome. The PYD domain of AIM2 binds directly to the PYD domain of ASC, which
then interacts with CARD domain of caspase-1 leading to the recruitment of caspase-1, and subsequent processing of pro-IL1B, pro-IL 18 and
gasdermin-D (GSDMD).”™ Similar functions of AIM2 were reported in dendritic cells in models of bacterial and virus infections.®”

Previously, Komori and colleagues demonstrated that AIM2 is highly expressed in activated memory CD4 T cells;'” however, how its
expression regulates the function of these cells remains unknown. Like other helper T cells, Treg cells also express AIM2."" Indeed, the dele-
tion of AIM2 specifically in Treg cells leads to a reduced expression of FoxP3 and is associated with the reduced suppressive function of these
cells.” In addition, we recently demonstrated in a Type 1 diabetes (T1D) model that AIM2-deficient mice have a reduction in IL-17A produc-
tion by CD4 T cells. The production of IL-17A by AIM2-deficient CD4 T cells was significantly reduced in pancreatic lymph nodes (PLNs) and
gut mucosal of Aim2~/~ mice, leading to the hypothesis that an intrinsic expression of AIM2 in CD4 T cells could promote Th17
differentiation."?

In this study, we demonstrated that AIM2 has a T cell-intrinsic and inflammasome-independent role in the differentiation and function of
Th17 cells. AIM2 is highly expressed throughout Th17 differentiation, and its promoter is occupied by Th17 cell-related transcription factors
such as IRF4, FOSL2, MAF, p300, BATF, CTCF, and STAT3. AIM2 is required for optimal Th17 cell development and IL-17A production, as well
as for the expression of the transcription factor RORyt. Mechanistically, AIM2 translocates to the nucleus and physically interacts with RORyt,
enhancing its binding activity in the 117a promoter region to promote Th17 cell development. Thus, AIM2 is relevant for Th17 cell differen-
tiation in vivo by enhancing T cell-mediated intestinal inflammation.
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Figure 1. AIM2 is expressed in Th17 cells

(A) AIM2 mRNA expression in naive, activated CD4 T cells (Th0), Th1, Th2, iTreg and Th17 at 96 h of culture. Fold change relative to naive cells (n = 3).

(B) AIM2 mRNA expression in naive, activated CD4 T cells (ThO) and Th17 at 72 h of culture. Fold change relative to naive cells (n = 3).

(C) Kinetics analysis of AIM2 mRNA expression during Th17 cells differentiation. Fold change relative to ThO (n = 3).

(D) Histogram of flow cytometric analysis of AIM2 expression in naive, activated CD4 T cells (ThO) and Th17 cells at 96 h of culture. Gate strategy (Live cells + CD4 +
IL-17A + AIM2 +).

(E) Mean of the fluorescence intensity of AIM2 in naive, activated CD4 T cells (Th0) and Th17 cells at 96 h of culture. Gate strategy (Live cells + CD4 + IL-17A +
AIM2+) (n = 3).

(F) Microarray expression intensity of AIM2 in human in vitro differentiated activated CD4 T cells (ThO) and Th17 cells. Data obtained from a public available
dataset from NCBI dataset (GSE67185) and analyzed with GEO2R (n = 3).

(G-1) Representative flow cytometric analysis of AIM2 expression in RORyt+, FOXP3+, T-bet+. GATA = 3+ CD4 T cells in colonic lamina propria (c-LP) (Gate in
CDA45+Live cells + Thy.1.2 + CD4") (n = 5).

(J) Mean of fluorescence intensity (MFI) of AIM2 expression in RORyt+, FOXP3+, T-bet+, GATA-3+ CD4 T cells in colonic lamina propria (c-LP), small intestine
lamina propria (si-LP) and mesenteric lymph nodes (mLNs) of an 8-week-old naive mouse (n = 5).

(K and L) Representative flow cytometric analysis of AIM2 expression in IL-17A+ and IFNy+ CD4 T cells in colonic lamina propria (c-LP) (Gate in CD45+Live cells +
Thy.1.2 + CD4") (n = 5).

(M) Mean of fluorescence intensity (MFI) of AIM2 expression in IL-17A+ and IFNy+ CD4 T cells in c-LP, si-LP and mLNs of an 8-week-old naive mouse (n = 5). Data
are representative of at least two independent experiments and are shown as mean + SEM. *p < 0.05 determined by one-way ANOVA followed by Tukey's post
hoc test.

RESULTS
The expression of AIM2 is increased during Th17 differentiation

In order to study the role of AIM2 in T cells, we first examined the expression of AIM2 in T helper (Th) subtypes. To do this, we cultured naive
CD4"CD62L"9N T cells under Th1, Th2, Th17 and induced Treg (iTreg) cell-polarizing conditions. As controls, we used naive CD4*CD62LMeh
T cells and activated CD4"CD62L"9" T cells with plate bounded anti-CD3e/CD28 without the addition of differentiation cytokines (hereafter,
Th0). We observe that Aim2 mRNA is upregulated at different levels in all Th subtypes, except Th2 (Figure 1A). In addition, Aim2 mRNA
expression was significantly higher in Th17 cells (Figures 1A and 1B), peaking at 36h of culture (Figure 1C). In accordance, we found
increased protein levels of AIM2 in Th17 cells when compared to naive CD4*CD62LMM T cells and ThO (Figures 1D and 1E). Next, we sought
to we determine if AIM2 is expressed also in human Th17 cells. To this end, we performed in silico analysis of the publicly available dataset
(GSE67185) using NCBI datasets and GEO2R. Importantly, we found that Aim2 is significantly upregulated in Th17 cells when compared to
ThO (Figure 1F).

Next, we determined the expression of AIM2 in vivo in cells isolated from the gut mucosa, a place enriched with Th17 cells under homeo-
static conditions (21). We evaluated its expression in harvested cells from mesenteric lymph nodes (mLNs), small intestine lamina propria
(si-LP) and colonic lamina propria (c-LP) and in different populations of Th subtypes according to their transcription factors and cytokines.
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We detected an increased expression of AIM2 in RORyt and T-bet expressing CD4* T cells at the c-LP and si-LP when compared to GATA-3"
and FoxP3" CD4" T cells (Figures 1G-1J). In the mLNs, AIM2 was significantly expressed in RORyt" CD4™ T cells (Figures 1G and 1J). IL-17A-
producing CD4" T cells expressed high levels of AIM2 in the si-LP, c-LP and mLNs when compared to IFN-y-producing CD4" T cells
(Figures TK=1M).

Th17 cells requires AIM2 for an optimal differentiation

To determine whether AIM2 is involved in the differentiation of Th17 cells we sorted CD4*CD62L"9" T cells from LNs and spleen of WT and
Aim2~'~ mice and cultured these cells under Th17 cells polarizing conditions for five days. Interestingly, the frequency of IL-17A producing
cells generated from Aim2~'~ mice was lower than WT (Figures 2A and 2B), and was associated with decreased IL-17A levels secreted in the
culture supernatant (Figure 2C) and I117a mRNA expression (Figure 2D). However, no differences were found in the mRNA levels of il22 (Fig-
ure 2E) and the deficiency of AIM2in CD4 T cells did not alter the proliferation and the survival of Th17 cells (Figures STA-S1D). Consistent with
the reduced Th17 cell differentiation, the expression of the Th17 cells-related genes, Rorc, Rora, Stat3, 1123r, II1r1 and I117a, were reduced
while both mRNA and protein expression of Foxp3was increased in Aim2~/~ Th17 cells (Figures 2F, S2E, and S2F). In agreement, we found
that also the protein levels of RORyt, as well as the receptors IL-1 and IL-23 were reduced in the Th17 that developed in the absence of Aim2
(Figures 2F-2L).

IL-6 and IL-23 induced Th17 cell differentiation via STAT3 activation (25, 26). Since we observed that Stat3 mRNA was downregulated in
Aim2-deficient Th17 cells, we next evaluated if Aim2 deficiency affected STAT3 phosphorylation, but found it to be unaltered (Figures S2A and
S2B). Similar findings were obtained when we stimulated CD4*CD62LM9" T cells with IL-6 (Figures S2C and S2D). Taken together, these results
demonstrated that AIM2 promotes Th17 cells independent of STAT3 signaling pathway.

Next, we investigated if AIM2 was important for IL-17A production in CD4 T cells in vivo. To this end, we isolated mLNs and spleen cells
from WT and Aim2~/~ mice and stimulated the cells with plate-bound a-CD3e and «-CD28 for 24h and the production of IL-17A and IFN-y
were measured. Interestingly, we observed that mLNs and SP CD4 T cells produced significantly less IL-17A in the absence of AIM2 when
compared to WT CD4 T cells, as well as secreted less IL-17A (Figures S3A and S2B). The amount of IFN-y was similar between both WT
and Aim2~/~ CD4 T cells (Figures 3A, 3D, and 3E).

Finally, we sorted effector/memory CD4 T cells (CD44""CD25-CD4") from pooled splenocytes and lymph nodes of WT and Aim2~/~
mice, stimulated them with plate-bound a-CD3e and a-CD28 for 24h and evaluated the production of IL-17A. In the absence of AIM2,
effector/memory CD4 T cells produced less IL-17A and significantly expressed less 1/177a mRNA when compared WT CD4 T cells
(Figures 2M-20). In addition, the production of IL-17A by leukocytes isolates from spleen, si-LP/c-LP from Aim2~/~ animals secreted less
IL-17A after 24h of stimulation with plate-bound a-CD3e and a-CD28 (Figures 2P and 2Q). Collectively, these results demonstrated that
AIM2 expression in CD4 T cells is required for Th17 cells development and IL-17A production.

AlM2-deficient CD4" T cells fail to differentiate into IL-17A*/IFN-y* producing cells and to induce T cell-induced colitis in
Rag1~/~ mice
In order to understand if the absence of AIM2 in CD4" T cells alters their function and differentiation in vivo, we sorted CD4*CD45RB"9" naive
T cells from WT and Aim2~/~ mice and transferred into Rag1™/~ mice and monitored for the development of colitis. In contrast to Rag1~~
mice receiving WT CD4 T cells, mice that received Aim2~/~ CD4 T cells did not lose weight or shorten colon length and had less colon inflam-
mation (Figures 3A-3E). In agreement, endoscopy analysis showed less signs of granularity, fibrin and diarrheic stool in Rag1™~ mice which
were transferred with Aim2~/~ CD4 T cells, which indicates that the transference of AIM2-deficient CD4 T cells were not colitogenic (Figure 3F).

Next, we evaluated the cytokine production by WT and Aim2~/~ CD4 T cells in mLNs and c-LP of Rag1 ™'~ mice 4 weeks after T cell transfer.
The frequency and numbers of TCR-B"CD4"IL17A" and TCR-B*CD4*IL17A* IFN-y"* producing cells were significantly reduced in mice trans-
ferred with AIM2-deficient CD4 T cells when compared to Rag1 ~/~ transferred with WT CD4 T cells (Figures 3G-3l, 3L, and 3M) whereas the
frequency of TCR-B*CD4"IFN-y* were decreased in mLNs in the absence of AIM2, however, there is no differences in TCR-B*CD4"IFN-y" in
mice transferred with AIM2-deficient CD4 T cells when compared to Rag’ ~/~ transferred with WT CD4 T cells (Figures 3J and 3K). In addition,
the expression of TCR-B*CD4* RORyt" and TCR-B*CD4"FOXP3" cells were reduced in mice transferred with AIM2-deficient CD4 T cells when
compared to Rag1™~ transferred with WT CD4 T cells (Figures S4A-S4G).

Taken together, these results demonstrated that the absence of AIM2 in CD4" T cells fails to induce colitis in Rag1~/~ and this was asso-
ciated with lower frequency of Th17 cells, which indicated that AIM2 expression in CD4 T cells promotes Th17 cells differentiation in vivo.

AIM2 function in Th17 cells is independent of dsDNA sensing and inflammasome activation

Next, we sought a possible mechanism by which AIM2 drives Th17 cell differentiation. The classical function of AIM2 is related to the dsDNA
recognition and activation of inflammasome. Previous studies have already reported that inflammasome can be activated and may enhance
Th17 cell differentiation (27). Thus, we hypothesized that the recognition of dsDNA by AIM2 could promote Th17 cells differentiation. To
evaluate if AIM2 activates the inflammasome in Th17 cells, we sorted naive CD4*CD62LM9"CD44'" T cells from WT and Aim2~/~ animals,
and differentiated the cells under Th17 cells polarizing condition, in the presence or absence of transfected poly dA:dT. We found that
poly dA:dT was not able to induce caspase-1 activation and IL-18 production (Figures 4A-4D). In addition, Th17 cells produced similar
levels of IL-17A when the cells were differentiated in the presence of poly dA:dT (Figure 4E). Moreover, we detected similar levels of
cleaved caspase-1 in the culture supernatant when WT and Aim2~/~ Th17 cells were stimulated with poly dA:dT (Figures 4F—4H).
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Figure 2. AIM2 is a positive regulator of Th17 cell differentiation

(A) Representative flow cytometric analysis of IL-17A expression by WT and Aim2—/— Th17 cells at 96 h of culture. Gate strategy (Live cells+CD4+IL-17A+) (n = 3).
(B) Frequency of WT and Aim2—/— CD4+IL-17A + at 96 h of culture accessed by flow cytometric analysis (n = 3).

(C) IL-17A protein levels in the supernatant of WT and Aim2—/— Th17 cells at 96 h of culture accessed by enzyme-linked immunosorbent assay (ELISA) (n = 3).
(D and E) 117a and 11-22 mRNA expression in WT and Aim2—/— ThO and Th17 at 96 h of culture. Fold change is relative to WT ThO (n = 3).

(F) Heatmap representing the mRNA expression of Rorc, Rora, Stat3, 1117r, 1123r, [11r1, 1117a and Foxp3 in WT and Aim2—/— Th0 and Th17 at 96 h of culture. Fold
change is relative to WT ThO (n = 3).

G) Representative flow cytometric analysis of RORyt expression by WT and Aim2—/— Th17 cells at 96 h of culture. Gate strategy (Live cells+ CD4+RORyt+) (n = 3).
H) Frequency and mean of fluorescence intensity (MFI) of WT and Aim2—/— CD4+RORyt+ at 96 h of culture accessed by flow cytometric analysis (n = 3).

1) Representative flow cytometric analysis of IL-1R1 expression by WT and Aim2—/— Th17 cells at 96 h of culture. Gate strategy (Live cells+CD4+IL-1R1+) (n = 3).
J) Frequency and mean of fluorescence intensity (MFI) of IL-1R1 expression in WT and Aim2—/— Th17 cells at 96 h of culture (n = 3).

K) Representative flow cytometric analysis of IL-23R expression by WT and Aim2—/— Th17 cells at 96 h of culture. Gate strategy (Live cells+CD4+IL-23R+) (n = 3).
L) Frequency and mean of fluorescence intensity (MFI) of IL-23R expression in WT and Aim2—/— Th17 cells at 96 h of culture (n = 3).

(M) Counter plot representing the frequency of CD4+IL-17A + cells (gate inside viable cells) after the sorting of CD4"CD25~CD44high cells from spleen and
lymph node samples from WT and AIM2—/— mice. Cells were stimulated with anti-CD3/CD28 for 24 h.

(N) Frequency of CD4+IL-17A + cells (CD4"CD25~CD44high) from spleen and lymph node samples from WT and AIM2—/— mice after 24 h of stimulation with
anti-CD3/28.

(O) 11172 mRNA levels in CD4*CD25~CD44high WT and AIM2—/— cells after 24 h of stimulation with anti-CD3/CD28.

(P and Q) Protein levels of IL-17A in the supernatant of cultures of leukocytes isolated from the spleen and intestinal lamina propria (small intestine and colon) from
WT and AIM2—/— mice and stimulated for 24 h with anti-CD3/CD28. Data are representative of at least two independent experiments and are shown as mean +
SEM. *p < 0.05 determined by one-way ANOVA followed by Tukey's post hoc test or T-test *p < 0.05.

(
(
(
(
(
(

Immunofluorescence analysis demonstrated a nuclear localization of AIM2 in Th17 cells without poly dA:dT stimulation, but when Th17 cells
were stimulated, an AIM2 puncta was detected in the cytosol (Figures 41-4K). Taken together, these results suggest that AIM2 promotes the
differentiation of Th17 cells independent of its DNA sensor function and inflammasome activation.

The expression of AIM2 in Th17 cells is regulated by IRF4

Next, we aimed to evaluate the factors involved in the regulation of AIM2 expression during Th17 cell differentiation. First, we assessed if the
cytokines TGF-B and IL-6, involved in the differentiation of Th17 cells, could induce the expression of AIM2 in activated CD4 T cells.
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Figure 3. AIM2 promotes T cell transfer colitis in Rag1—/— mice by enhancing Th17 cell differentiation

A) Frequency of initial weight of Rag1—/— mice 0, 2, 4, 6, and 8 weeks after transfer of CD4*CD45RBhigh T cells isolated from WT and Aim2—/— mice (n = 4).
B and C) Colon length of Rag1—/— mice 8 weeks after transfer of CD4"CD45RBhigh T cells isolated from WT and Aim2—/— mice (n = 4).

D and E) Histology and histology score of the colon of Rag1—/— mice 4 weeks after transfer of CD4"CD45RBhigh T cells isolated from WT and Aim2—/— mice
n =4-5).

F) Colon endoscopy of Rag1—/— mice 0 and 4 weeks after transfer of CD4*CD45RBhigh T cells isolated from WT and Aim2—/— mice (n = 4-5).

G) Representative flow cytometric analysis of the frequency of TCR-B+CD4+IL-17A+, TCR-B+CD4+IFN-y+, and TCR-B+CD4+IL-17A+IFN-y+ cells (gated within
CD45" cells and viable cells) in colonic lamina propria (c-LP), mesenteric lymph nodes (mLNs) from Rag1—/— mice 4 weeks after transfer of CD4"CD45RBhigh
T cells isolated from WT and Aim2—/— mice (n = 4-5).

(H and 1) Frequency and absolute number of TCR-B+CD4+IL-17A+, (J and K) TCR-B+CD4+IFN-y+, and (L and M) TCR-B+CD4+IL-17A+IFN-y+ cells (gated within
CD45" cells and viable cells) in colonic lamina propria (c-LP), mesenteric lymph nodes (mLNs) from Rag1—/— mice 4 weeks after transfer of CD4"CD45RBhigh
T cells isolated from WT and Aim2—/— mice (n = 4-5). Data are representative of at least two independent experiments and are shown as mean + SEM. *p < 0.05
determined by one-way ANOVA followed by Tukey's post hoc test or T-test *p < 0.05.
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Interestingly, the stimulation of activated CD4 T cells with TGFp induced a significant expression of AIM2, which was even more pronounced
by the addition of IL-6, but not by this cytokine alone (Figure 5A). The stimulation of Th17 cells with different amounts of TGFp and IL-6, signif-
icantly increased Aim2 mRNA expression, along with increased expression of Rorc, Stat3 and I/17a (Figures 5B-5D).

To better understand the mechanisms that drive the expression of AIM2 in Th17 cells we took advantage of the Cistrome Project'”
and used their data browser tool to analyze public available ATAC-seq and ChlP-seq data to understand the transcription regulation of
AIM2 expression in Th17 cells. First, we used the Cistrome DB toolkit, to predict the transcription factors that regulate AIM2 expression
in Th17 cells. Interestingly, we found an increased regulatory potential score of IRF4, CTCF and JMJDé at the Aim2 locus in Th17 cells
which suggests that these factors could possibly regulate positively or negatively Aim2 expression in Th17 cells (Figure 5E). In agree-
ment, we found several ATAC-seq peaks at Aim2 locus in Th17 cells when compared to ThO (Figure 5F). These ATAC-seq peaks were
associated with H3K4me3-binding peaks at the Aim2 promoter region in Th17 cells when compared to ThO (Figure 5F). We also found
that the Aim2 promoter region can be occupied by several transcription factors involved in Th17 cells differentiation, namely IRF4,
FOSL2, MAF, p300, BATF, CTCF and STAT3 (Figures 5F and S5A). Previous studies demonstrated that IRF4 is an important regulator
of Th17 cells differentiation.’”™"” Thus, we next evaluated if the deficiency of IRF4 affects the expression of AIM2 in Th17 cells. To this
end, we inhibited IRF4 expression using short hairpin RNA (IRF4 shRNA) to investigate Aim2 expression. Indeed, the expression of Aim2
mRNA was also decreased in IRF4-shRNA treated Th17 cells (Figures 5G and 5H). Additionally, the expression of Aim2 mRNA in
IRF4-deficient Th17 cells was downregulated when compared to WT Th17 cells (Figures 5| and 5J). In addition, the knockdown of
IRF4 expression using short hairpin RNA (IRF4 shRNA) significantly reduces the protein expression of IRF4 as well as AIM2 in Th17 cells
(Figures 5K-5M).

Taken together, these results demonstrated that AIM2 is expressed in Th17 cells, and its expression is regulated by IRF4.
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Figure 4. Activation of AIM2 by dsDNA in Th17 cells

A) Histogram representing the frequency of Th17 lymphocytes FAM-YVAD+ after stimulation with Poly dA:dT (n = 5).

B and C) Frequency and mean of fluorescence intensity CD4+IL-17A+ FAM-YVAD+ WT and AIM2—/— cells after stimulation with Poly dA:dT (n = 5).

C) IL-1B levels detected in the supernatant of cultures Th17 cells stimulated with Poly dA:dT or culture medium alone (n = 5).

E) IL-17A levels in the supernatant of cultured Th17 cells stimulated with Poly dA:dT or culture medium alone (n = 5).

F) Immunoblot analysis of caspase-1 in supernatant (SN) and cellular extracts (CE) of Th17 cells stimulated with Poly dA:dT or culture medium alone (n = 5).
G and H) Densitometric quantification of pro-capase-1 and activate caspase 1.

) Confocal immunofluorescence microscopy of AIM2, ASC and DAPI in WT and Aim2KO Th17 cells stimulated with Poly dA:dT or culture medium alone (n = 4).
J and K) AIM2 or ASC puncta per 100 cells in WT and Aim2KO Th17 cells stimulated with Poly dA:dT or culture medium alone (n = 4). Results are considered
statistically significant when p < 0.05, and asterisks (*) represent the level of significance according to the p value. N = 3-5. Significant differences between groups
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were determined by one-way ANOVA.

AIM2 interacts with RORYt and enhances its transcription activity
AIM2 plays non-canonical functions in B and T cells by translocating into the nucleus and interacting with transcriptions factors such as BCL-6
and Blimp-1 in B cells'® or c-MAF in follicular T helper cells (Tfh)."" Because our results demonstrated that AIM2 promotes Th17 cells differ-
entiation independent of its DNA sensor function and inflammasome activation, a role that AIM2 exerts in the cytosol, we next evaluated in
which cell compartment AIM2 is expressed in Th17 cells. To this end, we performed in vitro differentiation of Th17 and activated CD4 T cells
(ThO) and analyzed for AIM2 in cytosolic and nuclear fractions. We observe an increased expression of AIM2 in the nuclear fractions of Th17
cells when compared to the cytosolic fractions and when compared with the nuclear fractions of ThO cells (Figures 6A and 6B). Confocal immu-
nofluorescence microscopy showed that Th17 cells stain punctate for AIM2, whereas ThO cells stain for AIM2 in the cytoplasm. (Figure 4C).
As we found that RORyt expression was compromised in Aim2-deficient Th17 cells, we investigated whether AIM2 and RORyt can interact
during the development of Th17 cells. We performed in vitro Th17 cells differentiation and harvested the cells at 36h of culture, the time we
found that Aim2 expression was increased (Figure 1E) to perform co-immunoprecipitation analysis. Indeed, we found that AIM2 co-immuno-
precipitated with RORyt (Figure 6D). In line with this, confocal microscopy analysis demonstrated a co-localization between AIM2 and RORyt
in the nucleus of Th17 cells (Figure 6E). To further confirm that the interaction between AIM2 and RORyt is enhancing Th17 cells differenti-
ation, we performed the in vitro Th17 cells differentiation of WT and Aim2~/~ in the presence or not of the RORyt activator 1b and evaluated
the production of IL-17A as well as the expression of IL-1R1 and IL-23R. Interestingly, the activation of RORyt in the absence of AIM2 was
associated with a decreased IL-17A expression as well as less levels of IL-1R1 and IL-23R when compared to WT Th17 cells stimulated with
RORyt activator 1b and with the DMSO-stimulated controls (Figures 6F-6J). Finally, to understand the exact mechanism of the interaction
between AIM2 and RORyt that drives Th17 cells differentiation, we performed chromatin immunoprecipitation (ChIP) of RORyt in WT and
Aim2-deficient Th17 cells to analyze the RORyt-binding capacity at I/17a promoter region in the absence of AIM2. Interestingly, we found
a compromised binding of RORyt at I/17a promoter region in Aim2-deficient Th17 cells when compared to WT Th17 cells (Figure 6K).
Taken together, these results demonstrate that during Th17 cells differentiation, AIM2 translocates to the nucleus and interacts with RORyt
and enhances its binding at I117a promoter which contributes to a proper Th17 cells differentiation and IL-17A production.
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Figure 5. The expression of AIM2 in Th17 cells is regulated by IRF4

(A) AIM2 mRNA expression in activated CD4 T cells (plated with anti-CD3e/CD28 antibodies) and in activated CD4 T cells stimulated with TGFB or IL-6 at 36 h of
culture. Fold change relative to anti-CD3e/CD28 (n = 3).

(B) AIM2 mRNA expression in activated CD4 T cells stimulated with TGFB (0, 0.5, 2.5, 10 ng/mL) in the presence of 20 ng/mL of IL-6. Fold change relative to TGFB/
IL-6 (0 ng/mL) (n = 3).

(C) AIM2 mRNA expression in activated CD4 T cells stimulated with IL-6 (0, 10, 20, 30 ng/mL) in the presence of 2.5 ng/mL of TGFB. Fold change relative to TGFB/
IL-6 (0 ng/mL) (n = 3).

(D) Heatmap representing the RORC, STAT3, and IL-17A mRNA expression in activated CD4 T cells stimulated with IL-6 (0, 10, 20, 30 ng/mL) in the presence of
2.5 ng/mL of TGFB or stimulated with TGFB (0, 0.5, 2.5, 10 ng/mL) in the presence of 20 ng/mL of IL-6. Fold change relative to TGFB/IL-6 (0 ng/mL) (n = 3).

(E) Regulatory potential score (RP) of transcription factors binding to AIM2 promoter in Th17 cells. Analyses were performed using the Cistrome Project platform -
Cistrome DB toolkit. Available in: http://cistrome.org/db/#/.

(F) ATAC-seq analysis of the AIM2 promoter region in ThO and Th17 cells (ID: GEO: GSM3505005/CistromeDB: 104388) (Svensson MN et al., 2019); ChIP-seq
analysis of H3K4me (GEO: GSM1004818/CistromeDB: 40128), IRF4 (ID: GEO: GSM1004833/CistromeDB: 40076) and CTCF CTCF (GEO: GSM1004804/
CistromeDB: 40126) at AIM2 promoter in ThO and Th17 lymphocytes Ciofani M et al. 2012).

(G and H) IRF4 and AIM2 mRNA expression in ThO, Th17 stimulated with a control shRNA and with IRF4 shRNA (n = 3).

(I'and J) IRF4 and AIM2 mRNA expression in WT and IRF4-deficient ThO and Th17 (n = 3).

(K=P) Mean of fluorescence intensity (MFI) and frequency of IRF4 and AIM2 expression Th17 stimulated with a control shRNA and with IRF4 shRNA (n = 3). Results

are considered statistically significant when p < 0.05, and asterisks (*) represent the level of significance according to the p value. N = 3-5. Significant differences
between groups were determined by one-way ANOVA.
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Figure 6. AIM2 promotes Th17 cell differentiation by regulating RORYt transcriptional activity

(A) Immunoblot analysis of AIM2 in cytoplasmic and nuclear fractions from ThO and Th17 cells at 36 h of culture. Lamin B1 was used as the nuclear loading control
and GAPDH was used as cytoplasmic loading control.

(B) Densitometric quantification of pro-capase-1 (C) Confocal immunofluorescence microscopy AIM2 (purple), CD4 (green) and DAPI (blue) staining in ThO and
Th17 at 36 h of culture.

(D) Immunoprecipitation of AIM2. 1x107 WT Th17 cells were differentiated and at 36 h of culture the cells were harvested, and the lysates were subjected to IP with
anti-AIM2 or immunoglobulin G (IgG) control, and immunoblot of RORyt performed.

(E) Confocal immunofluorescence microscopy AIM2 (red), RORYyt (green) and DAPI (blue) staining Th17 at 36 h of culture.

(F) Representative flow cytometric analysis IL-17A expression by WT and Aim2—/— Th17 cells after 96 h of culture with RORyt activator 1b. Gate strategy (Live
cells+CD4+IL-17A+) (n = 3).

(G) Frequency of IL-17A and mean of fluorescence intensity (MFI) of IL-1R1 and IL-23R by WT and Aim2—/— Th17 cells after 96 h of culture with DMSO or RORyt
activator 1b (n = 3).

(H-J) Representative flow cytometric analysis IL-1R1 and IL-23R expression by WT and Aim2—/— Th17 cells after 96 h of culture with RORyt activator 1b. Gate
strategy (Live cells+CD4+IL-1R1+/Live cells+CD4+IL-23R+) (n = 3). (G, H, I). (K) Chromatin immunoprecipitation followed by RT-PCR (ChIP-qPCR) of RORyt-
binding to the 1117a promoter region in WT and Aim2—/— Th17 cells. The data were represented as frequency of input relative to IgG control (n = 3). Data
are representative of at least two independent experiments and are shown as mean + SEM. *p < 0.05 determined by one-way ANOVA followed by Tukey's
post hoc test or T-test *p < 0.05.

DISCUSSION

AIM2 plays a key role in inflammation, cancer, and host-pathogen interactions
cells.””” However, recent studies have pointed out that AIM2 is also an important regulator of B and T cell functions, independently of its
DNA sensor function and inflammasome activation.'"'%817?4 Here, we show that AIM2 is expressed both in in vitro and in vivo differentiated
Th17 cells and its deficiency remarkably affects Th17 cell development and IL-17A production. In addition, AIM2 regulates the effector pro-
gram of Th17 cells by augmenting the expression of RORyt, IL-1R1, and IL-23R. Accordingly, the expression of AIM2 in CD4 T cells promotes
T-cell-mediated colitis development by inducing Th17 cell differentiation. Mechanistically, we show that AIM2 translocates to the nucleus and
interacts with the transcription factor RORyt, enhancing its binding at the 1117a promoter region, which positively regulates Th17 cell devel-
opment and IL-17A production.

In recent years, numerous studies have addressed the role of innate immune cytosolic sensors in different subtypes of CD4 T cells. Among
these molecules, stand out the studies of NLRP3in Th1, Th2, and Treg cells, > ASC,*® caspase-1 27 and STING™ in Th17 cells. It was already
observed that the methylation and gene expression of AIM2 in memory CD4" T cells is significantly increased when compared to naive
T cells.”’ Recent studies have demonstrated that AIM2 is important for the differentiation of 'I'regw'31 and follicular T cells (Tfh)."" AIM2 is
highly expressed in Tfh cells and positively regulates its differentiation by enhancing IL-21 production."” Although these studies point out
AIM2 as an intrinsic regulator of CD4 T cell differentiation and function, the role of AIM2 in Th17 cells was not previously addressed.
AlM2-deficient Treg cells exhibit impaired expression of the transcription factor FOXP3, which has been associated with increased AKT

25619-23 ) . )
25619223 Most of these studies focused on innate immune
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phosphorylation and enhanced mTOR and Myc signaling. AIM2 interacts with RACK1-PP2A phosphatases in order to contain AKT phosphor-
ylation, contributing to Tregs function.'? A recent study found that AIM2 deficiency increases the expression of FOXP3 in Treg cells by
enhancing oxidative phosphorylation and mitochondrial respiration, both of which are metabolic traits that improve Treg cell stability.*'

We found that AIM2 is highly expressed in Th17 cells. These data agree with a previous observation by Wu and colleagues that found that
AIM2 levels are increased in Th1, Th2, iTreg, Th17, and Tth cells."” Furthermore, AIM2 deficiency seems to affect the production of IL-17A by
CDA4 T cells in experimental models of type 1 diabetes.'” This recapitulates our findings that Aim2-deficient Th17 cells have a compromised
production of IL-17A. In addition, we observe that AIM2 is required for Th17 cells differentiation during the T cell transfer colitis model. Inter-
estingly, Rag1-deficient mice transferred with naive Aim2~/~ CD4 T cells display less signs of colitis, which was associated with decreased
frequency and number of Th17 cells and Th17 cells expressing IFN-y in the mLNs and c-LP. Our results align with the findings of Lozano-
Ruiz et al. (2022), which demonstrated the protection of Rag1—/— mice against intestinal inflammation after the transfer of Aim2—/— CD4
T cells, associated with the increased production of IL-10. Thus, it is possible that the absence of AIM2 in CD4 T cells alters the plasticity
of these cells to an anti-inflammatory profile, which possibly explains the mechanisms of protection against colitis that we and Lozano-
Ruiz and colleagues observed.

To find the possible mechanism by which AIM2 promotes Th17 cells differentiation, we first evaluated the canonical function of AIM2 as a
DNA sensor described in innate immune cells.” Indeed, a previous study demonstrated that T cells can uptake DNA from dead cells and
promote Th2 differentiation.®” Thus, we evaluated whether such mechanisms could also occur in Th17 cells stimulated with AIM2 agonist
dsDNA (poly dA:dT). However, the results of our study demonstrated that AIM2 promotes Th17 cells differentiation independently of dsDNA
recognition and inflammasome activation.

The expression of AIM2 in Th17 cells is regulated by IRF4, which is an important transcription factor for Th17 cells differentiation.’™"” Our
results demonstrated that Aim2 promoter in Th17 cells is occupied by IRF4 and its deficiency is associated with decreased expression of Aim2.
In line with this, Aim2-deficient Th17 cells have a compromised expression of RORyt and RORa. Moreover, the deficiency of IRF4 affects the
expression of RORyt and RORa. after the exposure of IL-21 7. Thus, this interaction between IRF4 and AIM2 could be an important factor to
enhance the activity of RORyt and RORa and regulate the production of IL-17A by Th17 cells.

Because our results demonstrated that AIM2 promotes Th17 cells independently of inflammasome activation, a function that AIM2 exerts
in the cytosol, we next examined the cellular localization of AIM2in Th17 cells. Previously, it was found that, as a result of DNA damage caused
by ionizing radiation and chemotherapeutic agents, AIM2 translocates to the nucleus and promotes caspase-1-dependent death of intestinal
epithelial cells and bone marrow cells.*® Similar findings were made in bone marrow (BM) cells, where nuclear AIM2 is linked to irradiation-
induced BM injury by blocking DNA repair, which accelerates the production of micronuclei, genomic instability, and cell death.** Also in
B cells, a nuclear function of AIM2 was already reported, where AIM2 translocates to the nucleus and regulates B cells differentiation in a sys-
temic lupus erythematous experimental model.'® Our findings, that AIM2 has a nuclear transcription-enhancing role, corroborate previous
studies that showed that AIM2 can interact with Bcl-6 and Blimp-1 in B cells and enhance their differentiation to plasma cells'® and with
c-MAF in Tth cells to promote their IL-21 production.'

While the cytoplasmic function of AIM2 has been well-studied, its nuclear function is still unclear. According to our study, AIM2 is necessary
to enhance the binding of RORyt in the II-17a promoter region. In addition, we observed that some genes such as Rorc, Rora, Stat3, I117a have
a compromised expression at mRNA levels, which raises the question of whether AIM2 can directly bind to promoter regions of these genes. It
is possible that the nuclear functions of AIM2 are associated with an indirect transcriptional regulation through its interaction with transcrip-
tion factors or co-activators. On the other hand, AIM2 could bind to specific DNA sequences that are exposed or accessible in Th17 cells.
Overall, further studies are needed to clarify the nuclear functions of AIM2.

In conclusion, we found that AIM2 acts as a critical regulator of Th17 cell differentiation by interacting with RORyt and increasing its
transcription activity, thereby promoting Th17 cell development. Nonetheless, our findings clarify and support the concept of AIM2 as
an intrinsic regulator of adaptive immune cells’ transcriptional function. Furthermore, our findings highlight the role of AIM2 in Th17
cell-mediated intestinal inflammation, suggesting that it could be a potential therapeutic target for Th17 cell-mediated inflammatory
diseases.

Our study highlights AIM2's clinical relevance in autoimmune diseases driven by Th17 cells, including rheumatoid arthritis, psoriasis,
multiple sclerosis, and inflammatory bowel disease. AIM2 emerges as a potential therapeutic target to mitigate Th17 cell-mediated
inflammation, with AIM2-specific inhibitors showing promise. Combining AIM2-targeted therapies with existing treatments offers syn-
ergistic possibilities. Patient stratification based on AIM2 levels may enable personalized interventions. Future preclinical and clinical
investigations are needed to validate AIM2 as a therapeutic target while considering potential limitations, risks, and ethical
considerations.

Limitations of the study

Our data imply that AIM2 promotes Th17 cells differentiation by interacting with RORyt and enhancing its binding at IL17a promoter. How-
ever, the major limitation of our study was the use of a full KO mice which did not allow us to explore the function of AIM2 in Th17 cells in
experimental models of Th17-cell mediated disease such as EAE. In addition, further investigation is necessary to understand if AIM2 is
able to bind directly to the DNA at promoter regions of genes associated with Th17 cells differentiation. We also focuses exclusively on murine
models, which may not fully capture the complexity of AIM2's role in human Th17 cell differentiation, emphasizing the need for translational
investigations.
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Antibodies

anti-mouse CD4
Anti-mouse CD62L
anti-mouse CD45
Anti-mouse TCR-B
Anti-mouse IL-17A
Anti-mouse IFNy
Anti-mouse RORyt
Anti-mouse FOXP3
Anti-mouse IL-1R1
Anti-mouse IL-23R
Anti-human/mouse AIM2
Anti-mouse IRF4
Anti-mouse GAPDH
Anti-mouse AIM2
Anti-mouse RORyt
Anti-mouse CD3e
Anti-mouse CD28
Anti-mouse IFNy
Anti-mouse IL-4
Anti-mouse IL-2

Mouse Anti-GAPDH (clone D4C6R)
Anti-mouse lamin-B1 (Clone D4Q42)

BD Biosciences
Biolegend
Biolegend
Biolegend
eBioscience
eBioscience
BD Biosciences
eBioscience
Biolegend
Biolegend

BD Biosciences
eBioscience
Cell Signaling
Cell Signaling
Abcam

BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
Cell Signaling
Cell Signaling

Cat#100432; GK1.5; AB_10013429
Cat#104405; MEL-14; AB_976598
Cat#103138; 30-F11; AB_2563061
Cat#109207; AB_313430
Cat#11-7177; eBio17B7; AB_925754
Cat#25-7311; XMG1.2; AB_465411
Cat#562894; Q31-378; AB_2687545
Cat#17-5773; FJK-16s; AB_465243
Cat#113509; JAMA-147; AB_566478
Cat#516803; O78-1208; AB_2738972
Cat#652803; 2B10; AB_2566000
Cat#46-9858-82; 3E4; AB_2573912
Cat#97166; AB_2756824
Cat#63660; AB_2890193
Cat#Ab113434; AB_10860312
Cat#553058; 145-2C11; AB_394591
Cat#553294,37.51 RUO; AB_394763
Cat#554408; XMG-1.2; AB_395373
Cat#554432; 11B11; AB_395388
Cat#554424; JES6-1A12; AB_395383
Cat# 97166; AB_2756824
Cat#12586; AB_2650517

Chemicals, peptides, and recombinant proteins

Murine recombinant TGFB

Murine recombinant IL-6

Murine recombinant IL-23

Murine recombinant IL-18

Murine recombinant IL-12

Murine recombinant IL-4
CollagenaseTypeVlll

FBS

HyCloneTM Fetal Bovine Serum

CD4 (L3T4) MicroBeads, mouse
Laemmli sample buffer

Trans-Blot Turbo Mini Nitrocellulose Transfer Packs
b-Mercaptoethanol

IMDM (Iscove’s Modification of DMEM)
L-Glutamine

Penicillin-Streptomycin

Foxp3/Transcription Factor Staining Buffer Set

R&D systems
Peprotech
R&D systems
Peprotech
Peprotech
Peprotech
Sigma-Aldrich
Gibco

GE Healthcare
Miltenyi Biotec
Bio-Rad
Bio-Rad
Sigma-Aldrich
Corning
Corning
Sigma-Aldrich

Invitrogen

Cat#7666-MB
Cat#216-16
Cat#1887-ML
Cat# 211-11B
Cat#212-12
Cat#214-14
Cat#C2139

Lot. 1640960
Cat# 5V30160.03
Cat# 130-117-043
Cat# 161-0737
Cat #1704158
Cat# M6250
Cat# 15-016
Cat# 25-005
Cat# P4333

Cat# 00-5523-00
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Bovine serum albumin (BSA) Sigma-Aldrich Cat# A9418
Power SYBR Green Master Mix Applied Biosystems Cat# 4368708
PMA Sigma-Aldrich Cat# P1585
lonomycin Sigma-Aldrich Cat# 10634
Brefeldin A Biolegend Cat# 420601
Protease/Phosphatase Inhibitor Cocktail (100X) Cell Signaling Cat# 5872
ECL Prime GE Healthcare Cat# RPN2236
RPMI1640 ThermoFisher Cat#21875158
HEPES ThermoFisher Cat#15630130
DNasel Sigma-Aldrich Cat#11284932001
Critical commercial assays

RNA Isolation RNeasy Mini Kit QIAGEN Cat# 74104
Bicinchoninic Acid (BCA) kit for Protein Determination Sigma-Aldrich Cat# BCA1
PierceTM Co-Immunoprecipitation Kit Thermo Scientific Cat# 26149
High-Capacity cDNA Reverse Transcription Kit Applied Biosystems Cat# 4368813
ChIP-IT High Sensitivity Active motif 53040
Experimental models: Organisms/strains

Mouse: C57BL/6 The Jackson Laboratory N/A

Mouse: AIM2KO (Jones et al., 2010) N/A

Mouse: IRFAKO (Huber et al., 2008) N/A
Oligonucleotides

Aim2 fwd: 5-TCTGTCCTCAAGCTAAGCCTCA-3' ThermoFisher N/A

Aim2 rev: 5'- GTGACAACAAGTGGATCTTTCTGTA-3"

Rorc fwd: 5'- GAGTTTGCCAAGCGGCTTT-3’ ThermoFisher N/A

Rorc rev: 5- TCCATTGCTCCTGCTTTCAGTACA-3"

Rora fwd: 5'- TGGTTGAAGGATGTTCCACA-3' ThermoFisher N/A

Rora rev: 5- TGGTTG AAGGATGTTCCACA-3’

Stat3 fwd: 5-AGGAGTCTAACAACGGCAGCCT-3" ThermoFisher N/A

Stat3 rev: 5'- GTGGTACACCTCAGTCTCGAA-3'

Foxp3 fwd: 5- TTCTCCAGGACAGACCACACT-3’ ThermoFisher N/A

Foxp3 rev: 5'- TTCTCCAGGACAGACCACACT-3'

1123r fwd: 5'- GCCAAGAAGACCATTCCCGA-3’ ThermoFisher N/A

1123r rev: 5'- TCAGTGCTACAATCTTCTTCAGAGG-3'

11r1 fwd: 5'- AAGCTGACCCAGGATCAATG-3' ThermoFisher N/A

I11r1 rev: 5'- TGGTTGAAGGATGTTCCACA-3'

117r fwd: 5’- CTGTATGACCTGGAGGCTTTCT-3' ThermoFisher N/A

1117r rev: 5'- CGAGTAGACGATCCAGACCTTC-3"

1117a fwd: 5'-GCTCCAGAAGGCCCTCAG-3' ThermoFisher N/A

I117a rev: 5- CTTTCCCTCCGCATTGACA-3'

1122 fwd: 5'- CAGCTCCTGTCACATCAGCGGT-3' ThermoFisher N/A

1122 rev: 5- AGGTCCAGTTCCCCAATCGCCT-3"

Gapdh fwd: 5-CATCTTCTTGTGCAGTGCCA-3' ThermoFisher N/A

Gapdh rev: 5'- CGGCCAAATCCGTTCAC-3'

117a promoter fwd: 5-CACCTCACACGAGGCACAAG-3' ThermoFisher N/A

I117a promoter rev: 5-ATGTTTGCGCGTCCTGATC-3'
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Software and algorithms

BD FACSDiva software BD Biosciences N/A

FlowJo v10 BD Biosciences https://www.flowjo.com
Morpheus Broad Institute https://software.broadinstitute.org/morpheus/
Prism 8 GraphPad https://www.graphpad.com
Other

IRF4 shRNA Santa Cruz Biotechnology sc-35713-V

scramble shRNA Santa Cruz Biotechnology sc-108060

RESOURCE AVAILABILITY

Lead contact

Further information and requests for reagents and resources should be directed to and will be fulfilled by the lead contacts, Niels Olsen Sar-
aiva Camara (niels@icb.usp.br).

Materials availability

This study did not generate new unique reagents.

Data and code availability
e Data: This paper does not generated sequencing data. Microrray, ATAC-seq and ChlP-seq data was reanalyzed based on public data-
sets available on Gene Expression Omnibus(GEQ). The accession number is available on the STAR Methods section of this paper.
e Code: This paper does not report original code.
e Other items: No other new unique reagent was generated. Any additional information required to reanalyze the data reported in this
paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Male wild-type C57BL/6, Aim2-/- and IRF4-/- mice aged 6-10 weeks and weighing 20-25 grams were used. The AIM2-/- mice were obtained
from Genentech, South San Francisco, CA, with the lineage name Aim2tm1.2Arte. All procedures were performed in accordance with the
principles proposed by the Brazilian College of Animal Experimentation (COBEA) and approved by the Ethics Committee on Animal Exper-
imentation of the University of Sdo Paulo (CEUA/FMRP: 124/2020; ICB: 7035150721).

METHOD DETAILS

In vitro T helper cells polarization

In vitro T helper cells polarization was performed by isolating naive CD4" T cells from the spleen and lymph nodes of WT and Aim2-/- mice
using microbeads coated with anti-CD4 (clone L3T4, cat 130-117-043, Miltenyi Biotec, Bergisch Gladbach, Germany). The cells were then
stained with fluorochrome-conjugated anti-CD4, anti-CD44, and anti-CDé2L antibodies, and CD4"CD44'°“CD62L"9" cells were isolated
by sorting (FACS Aria lll sorter, BD Biosciences). For the differentiation, the CD4 T cells obtained from the sorting were placed in 48-well plates
coated with anti-CD3 (2 ug/mL - BD Bioscience Cat. 553058, Clone — 145-2C11) anti-CD28 (1 ug/mL - BD Bioscience Cat. 553294, Clone: 37.51
RUO), and subsequently stimulated with a cocktail of cytokines and neutralizing antibodies. Th17: 2.5 ng/mL of TGF-beta (R&D - Cat.
7666MB), 50 ng/mL of IL-6 (Peprotech — Cat. 216-16), 50 ng/mL of IL-23 (R&D, Cat. 1887-ML), 20 ng/mL of IL-1beta (Peprotech, Cat. 211-
11B) and 1 ug/mL of anti-IFNg (BD Bioscience, Cat. 554408) , IL-4 (BD Bioscience, Cat. 554432, Clone: 11B11) and IL-2 (BD Bioscience,
Cat. 554424, Clone: JES6-1A12). Th1: 20 ng/mL of IL-12 (Cat. 212-12, Peprotech) and 1 ug/mL anti-IL-4 (Cat. 554432, BD Bioscience). Th2:
10 ng/mL of IL-4 (Cat. 214-14, Peprotech) and and 1 ug/mL of anti-IFNg (BD Bioscience, Cat. 554408). iTreg: 10 ng/mL TGF-beta (R&D -
Cat. 7666MB) and and 1 ug/mL of anti-IFNg (BD Bioscience, Cat. 554408).

Flow cytometry (FACS)

Quantitative and phenotypic analysis of cells differentiated in vitro or isolated from lymph nodes, spleen, or intestinal lamina propria was per-
formed by flow cytometry. Briefly, after being isolated, cells were counted and evaluated for viability with trypan blue. Subsequently, the cells
were plated in a 96-well plate and stimulated with phorbol myristate acetate (PMA) (50 ng/ml; Sigma Aldrich) and ionomycin (500 ng/ml;
Sigma Aldrich), and brefeldin A (transport inhibitor of golgi - 1.5 pl/ml; BD Biosciences), for 4 hours in an oven at 37°C (5% CO2 and 8%
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humidity). The number of cells used were 5x10/5/cells per well for experiments derived from in vitro culture of lymphocytes or 2x10/6/cells
per well for in vivo experiments. Then, the cells were washed twice with PBS 1x and centrifuged at 450 g for 5 minutes and incubated for
15 minutes with Fc block (1:200) to block Fc receptors, and subsequently washed with PBS 1x, centrifuged at 450 g per 5 and stained with
cell viability marker (Fixable viability dye; 1:1000; eBioscience) and anti-CD4 (1:200; BD Biosciences) for 10 minutes at room temperature.
Then, the cells were centrifuged and fixed using the kit's fixative (transcription factor staining buffer set, eBioscience) for 60 minutes at
room temperature, with subsequent centrifugation. The next step was intracellular labeling with antibodies listed in for 60 minutes. Briefly,
the antibodies were diluted in the kit's permeabilizer, and the cells were incubated with permeabilization buffer containing the antibody mix
for 60 minutes at 4°C. After this step, the cells were centrifuged again and resuspended in PBS for acquisition by flow cytometry (FACS Canto
II, BD Biosciences). In this step, between 100,000 and 250,000 events were acquired according to the experiment. Sample analyses were per-
formed using the FlowJo X software (BD Biosciences).

Real-time PCR

To assess gene expression of Th17 cell cultures, cells were harvested, and RNA was extracted using the RNA Extraction Kit (Promega) accord-
ing to the manufacturer’s instructions. After extraction, samples were quantified using a nanodrop (ThermoFisher) and 500 ng of RNA were
converted to cDNA using the High-Capacity cDNA Reverse Transcription Kit (ThermFisher), according to the manufacturer’s instructions.
Real-time PCR reactions were performed using cDNA, primers, and the Sybr Green Master Mix containing reaction products such as nucle-
otides and polymerase. The reactions were performed with the StepOnePlus device (ThermoFisher). The results were analyzed using the cycle
threshold (CT), with the data normalized by the Gapdh expression and the difference between the groups calculated using the 2-AACT
method. The sequences of the primers used are described in the table below. None of the primers used showed amplification in the group
without sample (blank) or more than one peak in the melting curve. In addition, all primers showed an efficiency greater than 90%.

Western blot

To evaluate AIM2 protein expression, samples were collected in RIPA buffer (Sigma Aldrich), homogenized with protease, centrifuged, and
the supernatant collected. Then, protein quantification was performed using the Bicinchoninic acid protein assay (BCA; Sigma Aldrich). For
the experiments with samples of CD4 T cells, 30 pg of proteins were used. Sample preparation was performed with 2x Laemmli sample buffer
(Bio-rad), and heated for 10 minutes at 95°C for protein denaturation. Subsequently, the samples were applied to a 12% gradient polyacryl-
amide gel (Bio-rad) and, after separation, were transferred to 0.2 um nitrocellulose membranes (Bio-rad), through the Trans-Blot Turbo trans-
fer system (Bio-rad). Then, the membranes were blocked in TBST (TRIS-HCI 100 mM pH 7.5, NaCl 150 mM, Tween20 0.05%) with 5% milk (Cell
Signaling) to reduce nonspecific binding, washed with TBST and incubated with the primary antibodies diluted in 5% TBST BSA (Sigma
Aldrich), overnight, at 4°C under slow agitation. Then, the membranes were washed and secondary antibodies (anti-rabbit AIM2 Cat.
#63660, Cell signaling) were added in TBST with 5% milk (Cell Signaling), for 2 hours at room temperature and slow stirring. Subsequently,
the membranes were washed for 30 minutes with TBST and the substrate Luminata (Millipore) was added for chemiluminescence detection,
using the ChemiDocTM XRS equipment (Bio-rad) and analyzed with the Image Lab 3.0 program (Bio-rad). An anti-GAPDH antibody (#97166
Cell Signaling) was used as a protein loading control.

Cytoplasmic and nuclear fractionation

To evaluate the location of AIM2 in CD4 T cells, 1x10A7 ThO and Th17 cells were collected after 36 hours of culture and cytoplasmic and
nuclear separation was performed using the NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (Cat. 78833) according to the manufac-
turer’s instructions. After fractionation of the cytoplasm and nucleus, the samples were quantified by the BCA method and placed in
2x Laemmli sample buffer (Bio-rad) for further protein denaturation, as described above. The subsequent steps were like a Western blot.
Lamin B1 was used as a nuclear protein loading control and GAPDH was used as a cytoplasmic protein loading control.

Co-immunoprecipitation assay

Immunoprecipitation was performed using the Pierce CO-IP Kit (Thermo Scientific) following the manufacturer’s protocol. In this experi-
ment, 1x107 cells per IP were used. Briefly, control IgG antibodies (Cat. #2729, Cell Signaling) and mouse anti-AIM2 (Cat. #63660, Cell
Signaling) were immobilized using AminoLink Plus coupling resin. Equal amounts of Th17 cell lysates were pre-cleaned and subsequently
incubated with the antibody-coupled resin overnight at 4°C. Subsequently, the resin was washed, and the proteins eluted with an
elution buffer. Immunoprecipitated samples were analyzed for expression of RORyt protein (Cat. Ab113434, Abcam) and AIM2 by
immunoblotting.

Short-hairpin RNA (shRNA) IRF4 gene silence

5x10° WT CD4 T cells were culture in ThO and Th17 cells condition as describe above and in the presence of IRF4 shRNA (Santa Cruz Biotech-
nology, sc-35713-V) or a scramble shRNA (Santa Cruz Biotechnology, sc-108060). After 48h of culture, the cells was collect and the knockdown
of IRF4 and AIM2 expression was accessed by gPCR and flow cytometry.
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Confocal immunofluorescence microscopy

For immunofluorescence, ThO or Th17 cells obtained from cultures were collected, fixed, and permeabilized on slides. Subsequently, the
preparations were incubated with primary anti-AIM2, anti-CD4, and anti-RORgt antibodies followed by the addition of fluorophore-conju-
gated secondary antibodies (AF488, AF594, and AFé47). Finally, the cover slips were introduced onto the slides together with the mounting
medium Prolong® Gold Antifade Reagent with DAPI (nuclear labeling). Images were captured by a Leica TCS SP5 confocal microscope and
analyzed using ImageJ software.

Model of colitis induced by adoptive transfer of CD4 T cells to Rag1”" mice

CD4"CD45RBM" T cells (2.5 x 10/6) were isolated by sorting from lymph node and spleen samples of WT and Aim2-/- mice, and subsequently
5x 10/5 cells were injected intraperitoneally into Rag1-/- mice. The mice that received the cells had their weight monitored daily, and in week
zero and in the fourth week after the transfer they were anesthetized and submitted to a microendoscopy procedure to evaluate inflammation
in the colon. After 8 weeks, the animals were euthanized and the mesenteric lymph nodes (LNM), spleen, and colon were collected for flow
cytometry and H&E analyses.

Lamina propria cell isolation

Intestines removed from euthanized animals were opened lengthwise, washed with PBS to remove feces, and cut into pieces approximately
1 cmin size. The pieces were then incubated with RPMI medium containing 3% fetal bovine serum, EDTA, and DTT for 20 minutes at 37°C with
agitation. After incubation, the pieces of intestine were sieved and washed with medium containing EDTA to separate the intraepithelial lym-
phocytes. The solution resulting from the washes, which contained the intraepithelial lymphocytes, was discarded. The remaining pieces were
then digested with medium containing liberase (1/250 of a 25 mg/mL solution, Roche, Germany) and DNAse | (Sigma-Aldrich, St. Louis, MO,
USA) for 25 minutes at 37°C with agitation. After digestion, the solution was passed through a sieve (70 pm), centrifuged, resuspended in
PBS + 2% FBS, and passed again through a sieve (40 pm). The lamina propria cells obtained were then marked with monoclonal antibodies
for analysis of the marking of surface and intracellular molecules, according to the cell population to be analyzed.

Histological analysis

A large intestinal fragment was removed, fixed in metacarn (60% Methanol, 30% Chloroform, and 10% Glacial Acetic Acid) for 24 hours at 4°C
and subsequently transferred to a 70% alcohol solution. The material was sent for mounting in paraffin blocks and the prepared slides were
stained with H&E (Hematoxylin & Eosin). Images were obtained using a Nikon microscope at 10x, 20x, and 40x. The histology score analysis
was performed according to the guidance for scoring colonic inflammation mediated by disturbed immune cell homeostasis published by
Erban et al. (2014).

Lymphocyte proliferation and cell death assays

WT and Aim2-/- Th17 cells were differentiated for 96 hours, and the proliferation index was evaluated using carboxyfluorescein succinimidyl
ester (CFSE) dilution (Sigma), and apoptosis was evaluated by Annexin V staining (BD Biosciences).

Culture of Th17 cells with AIM2 agonist (Poly dA:dT)

WT and Aim2-/- Th17 cells were differentiated in the presence of Poly dA:dT for 96 hours. After the incubation period with the specific stim-
ulus, the cells and the supernatant were collected for further analysis of active caspase-1 and measurement of cytokines IL-17A and IL-1B.

Chromatin immunoprecipitation (ChIP)

WT and Aim2-/- Th17 cells were differentiated and at 96 h of culture were crosslinked by fixation with 1.1% paraformaldehyde for 10 min at
room temperature. Sonicated chromatin from 2.5x1076 cells was subjected to ChIP using the Imprint Chromatin Immunoprecipitation Kit
(Sigma-Aldrich, Cat. CHP1). Chromatin was incubated in a pre-coated strip well with 5 pg/mL of rabbit anti-RORgt (Santa Cruz Biotechnology
Catif: sc-28559) or normal rabbit IgG. Next, the crosslinks were reversed, and the DNA was purified by spin column cleanup. gRT-PCR was
performed on DNA recovered from IP and input samples.

In silico analysis of public available data set of ChIP-seq and ATAC-seq

ChiP-seq and ATAC-seq analysis of public data set was analysed using the Cistrome Project.'” Regulatory potential score (RP) of transcription
factors binding to AIM2 promoter in Th17 cells were performed using the Cistrome Project platform - Cistrome DB toolkit available in: http://
cistrome.org/db/#/. ATAC-seq analysis of the AIM2 promoter region in ThO and Th17 cells (ID: GEO: GSM3505005/CistromeDB: 104388)
(Svensson MN et al., 2019). ChIP-seq analysis of H3K4me3 (GEO: GSM1004818/CistromeDB: 40128), IRF4 (ID: GEO: GSM1004833/CistromeDB:
40076) and CTCF CTCF (GEO: GSM1004804/CistromeDB: 40126) at AIM2 promoter in ThO and Th17 cells Ciofani M et al. 2012). ChIP-seq analysis
of the transcription factors STAT3 (GEO: GSM1004866/CistromeDB: 40113), BATF (GEO: GSM1004833/CistromeDB: 40076), c-MAF (GEO:
GSM1004799/CistromeDB: 40143), p-300 (GEO: GSM1004852/CistromeDB: 40123), JMJD6 (GEO: GSM1004840/CistromeDB: 40095), FOSL2
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(GEO: GSM1004810/CistromeDB: 40088) in the promoter region of AIM2 in Th17 cells (Ciofani M et al. 2012). Analyses were performed using the
Cistrome Project platform — Cistrome Data Browser tool available at: http://cistrome.org/db/#/.

Cytokine quantification by ELISA

The presence of IL-17 in in the culture supernatant was analyzed by ELISA. Quantification was performed in supernatants using specific mouse
IL-17A elisa Kit (R&D cat. DY421), according to the manufacturer’s specifications.

QUANTIFICATION AND STATISTICAL ANALYSIS

The analyses of the results were expressed as mean + standard deviation (SD) and the following statistical tests were performed: one-way
ANOVA test followed by Tukey's post-test, or Student’s t-test and normality test Gaussian distribution. Such analyses were carried out with the
help of the GraphPad Prism software (GraphPad Software Inc., San Diego CA, USA) and differences that presented p values equal to or less
than 0.05 were considered statistically significant.
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