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NR4AL1 suppresses pyroptosis by transcriptionally inhibiting
NLRP3 and IL-18 and co-localizing with NLRP3 in
trans-Golgi to alleviate pathogenic bacteria-induced colitis

Dear Editor,

We present an effective target to treat colitis would
be achieved through the transcriptional regulation and
trans-Golgi translocation of NR4Al, so as to inhibit NLR
family, pyrin domain containing 3 (NLRP3) inflamma-
some. Inflammatory bowel disease (IBD) is a chronic and
intractable digestive tract inflammatory disease that affects
the millions of people; blocking immune responses and
inflammatory cytokines have become effective strategies
for treating colitis. NR4A1 (also known as TR3, NGFIB or
Nur77), a member of the nuclear receptor NR4A family,
exerts a protective role in colitis,”* however, its effect and
mechanism on pyroptosis or NLRP3 inflammasome is still
unclear.

In current study, NR4Al expression is significantly
increased in colon tissues from C. rodentium (Citrobac-
ter rodentium)-induced mice colitis (Figure 1A,B). And
NR4ALI deficiency increases C. rodentium-induced mortal-
ity, weight loss, colon shorten, colon mucosal damage and
the colonization of C. rodentium (Figure 1C-F and Fig-
ure S1B-F). For pyroptosis and inflammasome, NR4A1 defi-
ciency increases the level of lactate dehydrogenase (LDH),
interleukin-18 (IL-18), IL-18, caspase-1 p20 and the cleav-
age of gasdermin D (GSDMD) in serum or colon (Fig-
ure 1G-L and Figure S1G,H). These results indicated that
NR4A1 deficiency exacerbates inflammasome activation
and pyroptosis in vivo.

To investigate the role of NR4Al in inflammasome acti-
vation, we isolated bone marrow-derived macrophages
(BMDMs) from WT mice and NR4AI~/~ mice. For canon-
ical inflammasome, the results showed that NR4A1 only
inhibits NLRP3 inflammasome, without affecting NLRC4
or AIM2 inflammasome (Figure S2A,B). NR4A1 expres-
sion is increased after the first and the second stim-
ulation of NLRP3 inflammasome (Figure S2C). And
NR4AI deficiency augments Nigericin-induced LDH, IL-
18, IL-18 and caspase-1 cleavage (Figure 2A-E and Fig-

ure S2E,F). Except Nigericin, NLRP3 inflammasome is
reported to be activated by other stimulants®; NR4AI defi-
ciency also significantly increases adenosine triphosphate
(ATP) and monosod ium urate-induced NLRP3 inflamma-
some activation (Figure S2A,B). For non-canonical NLRP3
inflammasome activation, NR4A1 expression is increased
after treatment, and NR4AI deficiency increases cytoso-
lic lipopolysaccharide (cLPS)-induced LDH, IL-13 and IL-
18 production (Figure S3A-D); WT and NR4AI~/~ mice
were injected with lipopolysaccharide (LPS) to induce
non-canonical NLRP3 inflammasome activation, NR4AI
deficiency exacerbates LPS-induced jejunum pathological
injury, concentration of IL-18 and IL-18 in serum (Figure
S3G-I). During NLRP3 inflammasome activation, ASC and
NLRP3 oligomerization are acritical steps for the subse-
quent caspase-1 activation.’"® NR4AI deficiency aggravates
Nigericin-induced amounts of ASC specks, and the inter-
action between NLRP3 and ASC in BMDMs (Figure 2F and
Figure S4). Meanwhile, overexpression of NR4Al inhibits
canonical and non-canonical NLRP3 inflammasome acti-
vation in THP-1 and BMDMs (Figure S2D,G and Figure
S3E,F). Taken together, these results provided sound evi-
dence that NR4A1 would inhibit the activation and assem-
bly of NLRP3 inflammasome.

The activation of NLRP3 inflammasome requires two
sequential steps, that is, priming and activation, and the
key priming event is the NF-xB pathway-mediated tran-
scription of pro-IL-13 and NLRP3.> NR4Al deficiency
increases the expression of NLRP3 and pro-IL-18 in
macrophages and colon tissues (Figure 3A,B, Figures S2E
and S5A,B). As a transcription factor, sequence analysis of
the mouse NLRP3 and IL-15 promoter reveals that either
of which contains the conserved potential monomeric
NR4A1 binding sites NGFIB response element (NBREs)
(Table S1). Through luciferase reporter assays, promoter
deletion and deletion experiments, the results showed
that NR4Al inhibited IL-15 and NLRP3 promoter activity
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FIGURE 1 NR4Al protects against C. rodentium-induced colitis. Wild type (WT) mice (n = 8/group) were gavaged with C. redentium
(5 X 10° CFU) at day 1, then where sacrificed at day 8 after colitis induction. (A and B) quantitative polymerase chain reaction and
immunoblot analysis of NR4Al expression in colon tissues. WT and NR4AI”- mice (n = 10/group) were gavaged with C. rodentium

(5 x 10° CFU) at day 1, then were sacrificed at day 8 after colitis induction. (C) Survival percentage of mice after C. rodentium treatment.
(D) Weight change of mice during the experiment. (E and F) Images and statistical analysis of colon length. (G-I) Production of LDH, IL-138
and TL-18 in mice serum. (J-L) Production of LDH, IL-18 and IL-18 in mice colon tissue. Values are expressed as mean + SD, “p < 0.05
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FIGURE 2 NR4Aldificiency aggravates canonical NLRP3 inflammasome activation and assembly in macrophages. Canonical NLRP3
inflammasome activation, BMDMs were primed for 4 h with LPS (200 ng/ml) and then stimulated with Nigericin (10 uM) for 40 min.
(A-C) Supernatants were analyzed for LDL, IL-13 and IL-18 release. (D and E) Immunoblot analysis of IL-18 p17 and caspase-1 p20 in
supernatants, and immunoblot analysis of NLRP3, pro-caspase-1 and pro-IL-13 in cell lysates. (F) IP and immunoblot analysis of the
interaction of endogenous NLRP3 and ASC. Values are expressed as mean + SD, *p < 0.05, three independent experiments
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FIGURE 3 NR4Al suppresses NLRP3 inflammasome activation by transcriptionally inhibiting NLRP3 and IL-18 and co-localizing with

NLRP3 in trans-Golgi. (A and B) Immunoblot analysis of NLRP3, pro-caspase-1, pro-IL-13 and ASC protein in WT and NR4A17" BMDMs.

(C) The mice NLRP3 or IL-15 promoter reporters, pTK and protein that contains mutations in its DNA-binding domain-flag or PCMW-NR4A1
were transiently transfected into HEK293T cells; after 24 h, the dual-luciferase activity was measured. (D) ChIP assay was used to measure the
binding of NR4A1 on the NLRP3, IL-13, and IKB« (positive control) promoter in BMDMs. (E) IP and immunoblot analysis of the interaction
of endogenous NR4A1 and NLRP3 inflammasome in BMDMs. (F) Immunofluorescence analysis NR4Al and TGN38 in LPS-primed BMDMs
treated with 6-MP (Mercaptopurine) and Csn-B (Cyclosporine-B) for 30 min and then stimulated with Nigericin for another 45 min. (G) IP and
immunoblot analysis of the interaction of endogenous NLRP3 with NR4A1, ASC. (H and I) enzyme-linked immunosorbent assay analyzed
IL-18 and IL-18 in supernatants of WT and NR4A17- BMDMs. Values are expressed as mean + SD, “p < 0.05, three independent experiments

(Figure 3C and Figure S5C,D). Accordingly, the ChIP
assay results showed that NR4A1 could bind to the pro-
moter of IL-18 and NLRP3 (Figure 3D and Figure S5E).
These results importantly indicated NR4Al transcription-
ally inhibits NLRP3 and IL-15 independent of NF-xB.
Increasing evidence supports that NR4Al function
is also controlled at the post-transcriptional level, pre-
dominantly via interaction, modification and subcellular
localization.”® We reconstructed NLRP3 inflammasome
in HEK293T cells to eliminate transcriptional regulation,
and overexpression of NR4Al significantly decreases
Nigericin-induced NLRP3 inflammasome activation

(Figure S6). Co-immunoprecipitation showed that NR4A1
interacts with NLRP3 in macrophages (Figure 3E and
Figure S7A). The association between NR4Al and NLRP3
is substantially increased by LPS, Nigericin or ATP (Figure
S7B). Through transfecting GFP-NR4Al and Flag-NLRP3
in HEK293T cells, we found the interaction between
NR4A1l and NLRP3 is enhanced by Nigericin or ATP,
independently of the first signal (Figure S7C). To clarify
the key domain of the interaction, the results showed that
NR4A1 interacts with the NACHT domain of NLRP3, and
NLRP3 interacts with the LBD domain of NR4A1 (Figure
S7D-F). For NLRP3-ASC complex formation, after the
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FIGURE 4 Putative mechanism for the mechanism of NLRP3 inflammasome activation regulated by Nu77 in macrophages. NR4A1l

directly transcriptionally inhibits NLRP3 and IL-18 expression; meanwhile, it directly interacts with NLRP3 and migrates to trans-Golgi to

inhibit NLRP3 assembly

LBD structure is deleted, the inhibitory effect of NR4Al on
NLRP3 specks is disappeared (Figure S7G). These results
suggested that the LBD domain is the key domain for
NR4AL1 to inhibit NLRP3 inflammasome.

Interestingly, under the stimulation of Nigericin or ATP,
NR4A1 and NLRP3 aggregate into specks and co-localized
together (Figure S8A,C). Usually, once NLRP3 inflamma-
some activation, NLRP3 migrates from the endoplasmic
reticulum to trans-Golgi or mitochondria.”'” We labeled
the trans-Golgi with TGN38, and NR4A1 co-localizes with
trans-Golgi, after activating NLRP3 inflammasome (Figure
S8B). NR4ALl is activated by 6-MP (Mercaptopurine) and
Csn-B (Cyclosporine-B), which promotes NR4A1l aggre-
gating into specks and co-localize in the trans-Golgi (Fig-
ure 3F and Figure S9A,B). Interestingly, 6-MP or Csn-
B promotes the interaction between NLRP3 and NR4Al
and decreases the interaction between NLRP3 and ASC
(Figure 3G). For NLRP3 inflammasome, 6-MP or Csn-B
suppresses ASC oligomerization, caspase-1cleavage, IL-13
and IL-18 production (Figure S9C-I). These results indi-
cated that the agonist of NR4A1 promotes the migration of
NR4AL1 to trans-Golgi to suppress NLRP3 inflammasome
activation. We also confirmed the effect of NR4A1 agonists
in vivo, these results showed that 6-MP or Csn-B, inhibit C.

rodentium-induced colitis and NLRP3 inflammasome acti-
vation (Figure S10). However, 6-MP or Csn-B could not
inhibit Nigericin-induced NLRP3 inflammasome activa-
tion in NR4A1~- BMDM (Figure 3H.]).

In summary, NR4Al exerts a protective effect against
C. rodentium-induced colitis through inhibiting NLRP3
inflammasome. Mechanistically, NR4Al not only tran-
scriptionally inhibits the expression of NLRP3 and IL-15,
but also interacts with NLRP3 and jointly migrates to trans-
Golgi, blocking NLRP3 activation and assembly (Figure 4).
Our findings offer a new idea for the treatment of IBD,
which is, targeting transcriptional regulation and trans-
Golgi translocation of NR4A1.
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