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Background: ATG16L1 is associated with the increased susceptibility to Crohn disease.
Results: ATG16L1 suppresses the IL-1f signaling via regulation of p62 stability and mediates ubiquitination of p62.
Conclusion: ATG16L1 suppresses IL-13 signaling by down-regulating p62 levels via both autolysosomal and proteasomal

pathways.

Significance: p62 can be a target of intervention for Crohn patients.

ATGI16L1 is an essential component of the autophagasome.
The T300A allele of ATG16L1 is associated with the increased
susceptibility to Crohn disease. In this study, we identified a
novel function of ATG16L1, which suppresses signaling of the
pro-inflammatory cytokine IL-1f. Deletion of ATG16L1 in
mouse embryonic fibroblasts significantly amplifies IL-1 sig-
nal transduction cascades. This amplification is due to elevated
p62 levels in ATG16L1-deficient cells. We found that ATG16L1
regulates p62 levels via both autolysosomal and proteasomal
pathways. For proteasomal degradation, we found that Cullin-3
(Cul-3) is a E3 ubiquitin ligase of p62 and that ATG16L1 is
essential for neddylation of Cul-3, a step required for Cul-3 acti-
vation. Taken together our data indicate that loss-of-function of
ATG16L1 results in a hyper-responsiveness to the IL-1 signal-
ing because of the increased p62 level.

Autophagy is a process that removes damaged proteins and
organelles in response to cellular stresses such as starvation.
Autophagy also plays a role in cell defense by removing intra-
cellular pathogens (1, 2). The ATG16L1 protein is essential for
autophagy and the allele of this gene, T3004, is implicated in
the susceptibility to Crohn disease (CD)? (3), a form of inflam-
matory bowel disease (IBD). ATG16L1 regulates the granule
exocytosis pathway in paneth cells (4), and suppresses induc-
tion of IL-1 in response to LPS in macrophages (5). These and
other yet unknown functions of ATG16L1 may explain its role
in intestinal inflammation.
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Ubiquitinated protein aggregates are found in various
human diseases, including neurodegenerative, liver, and mus-
cle disorders (6). These protein aggregates contain typically p62
(Sequestosome-1, SQSTM1). p62 acts as a selective autophagy
receptor for the ubiquitinated protein aggregates (6). In addition to
its role in autophagy, p62 acts as an important scaffold in the IL-13
signaling pathway by promoting oligomerization of ubiquitinated
TRAF6 (7) and MyD88 (8), and as an adaptor protein in Nrf2-
induced expression of anti-oxidative response genes (9).

Protein ubiquitination is carried out by the sequential action
of three enzymes: E1, E2, and E3. Cullin-3 (Cul-3) is a E3 ubiq-
uitin ligase for various substrates and conjugation of Nedd8 to
Cul-3 (neddylation) causes conformational changes in Cul-3
(10), which is critical for its dimerization and activation (11, 12).
Deletion of Cul-3 causes developmental defects in Drosophila,
such as external sensory organ development, pattern formation
and cell growth and survival (13). p62 interacts with Keapl, a
component of Cullin-3 (Cul-3) ubiquitin ligase for Nrf2 (9).

Here we report a novel function of ATG16L1 in the IL-13
signaling cascade. We discovered that ATG16L1 suppresses
IL-1p signaling by promoting degradation of p62 via Cul-3-
mediated proteasomal as well as via autolysosomal degradation.

EXPERIMENTAL PROCEDURES

Cells—WT and ATG16L1-deficient MEFs (mouse embryonic
fibroblasts) (5) were gifts from Shizou Akira (Osaka University,
Osaka, Japan) and ATG5 KO MEF from Noboru Mizushima
(Tokyo Medical and Dental University, Japan) (14). MEFs were
cultured in DMEM medium supplemented with 10% FBS.

Antibodies and Reagents—MG@G132, bafilomycin Al (BA1l),
3-methyladenine (3MA), anti-p62, anti-Flag, anti-SMA (smooth
muscle actin), anti-V5, and anti-B-actin antibodies were obtained
from Sigma. Mouse monoclonal anti-ATG16L1 is from MBL
International (Woburn, MA). Anti-pERK, anti-p-JNK, anti-p-p38,
anti-LC3, anti-Cul-3, anti-Myc, and anti-IkBa antibodies were
from Cell Signaling Technologies (Danvers, MA), anti-vimentin
antibody from BD Biosciences (Franklin Lakes, NJ), and anti-ubiqg-
uitin antibody and Cullin-3 siRNA from Santa Cruz Biotechnology
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TABLE 1
PCR primers
Gene names Forward primer Reverse primer
5'-3' 5'-3'
GAPDH TCA ACA GCA ACT CCC ACT CTT ACC CTG TTG GTG TAG CCG TAT
IL-6 CTG CAA GAG ACT TCC ATC CAG TT AAG TAG GGA AGG CCG TGG TT
KC CTG GGA TTC ACC TCA AGA AC GAA GCC AGC GTT CAC CAG AC
p62 TGA AAC ATG GAC ACT TTG GCT ACA TTG GGA TCT TCT GGT GGA
IkBa TGG CCT TCC TCA ACT TCC AGA ACA TCA GGA TCA CAG CCA GCT TTC AGA
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FIGURE 1. Loss of autophagy function enhances IL-1 signaling cascades. A, loss of ATG16L1 or ATG5 function enhances IL-1B-induced induction of IL-6 protein.
The indicated MEF cell lines were stimulated with IL-13 (1 ng/ml) for 24 h and the levels of IL-6 were determined (ELISA). B, ATG16L1 deficiency enhances IL-13-induced
activation of NF-«B and MAPKs. WT and ATG16L1-deficient MEF were stimulated with IL-183 (1 ng/ml) as indicated. Activation of NF-«xB was measured by EMSA, and
degradation of IkBa and phosphorylation of MAPKs by immunoblotting (IB). C, ATG5 deletion enhances IL-1B-induced activation of NF-«B and ERK. WT and ATG5 KO
MEF were stimulated with IL-18 (1 ng/ml) as indicated. Activation of NF-kB was measured by EMSA, and phosphorylation of ERK by IB. D, ATG16L1 deficiency enhances
IL-1B-induced transcription of downstream target genes. WT and ATG16L1-deficient MEF were stimulated with IL-18 (1 ng/ml) as indicated and the levels of the
indicated transcripts were measured by qPCR and plotted. All above data are representative of at least two independent experiments.

(Santa Cruz, CA). Anti-nedd8 and anti-GFP antibodies were pur-
chased from Invitrogen (Carlsbad, CA). Anti-Cul-3 antibody for
immunoprecipitation was purchased from Epitomics (Burlin-
game, CA). Anti-Nrf2 antibody was from R&D Systems (Minne-
apolis, MN). Human recombinant IL-18 was purchased from
R&D System. IL-6 and TNF-« ELISA kits were purchased from
eBiosciences (San Diego, CA).

Assays—EMSA, immunoblotting, immunoprecipitation, and
qPCR were performed as described (15).
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Transfection of MEF—Transfection of MEF with siRNA or
plasmid DNA was done by electroporation with Nucleofector
(Lonza, Basel, Switzerland) using MEF2 solution and protocol
T-020.

Stable Transfection of p62 shRNA—Control and p62
shRNA bearing lentivirus particles were purchased from
Santa Cruz Biotechnology. Two days post-infection, cells
were selected with puromycin (1 ug/ml) for several passages
before usage.

VOLUME 287+NUMBER 6+FEBRUARY 3, 2012



Autophagy Suppresses IL-13 Signaling via Regulation of p62 Stability

A WT ATG16L12/ D WT: Flag-Ubiquitin transfected
0 1020 40 60 0 10 20 40 60 IL-1B (min) IP: p62 IP: Flag
62kp — B M<p62 IB: Flag 1B: p62
<
& @0 xS
42KD —| P ————— g SMA -
150kD
wT ATGS5 KO
0 15°30°1h 2h 0 1530’ 1h 2h IL-1B (Time)
55kD
62kD == == == = - W W < p62
42kDJr.—. 4 B-Actin 62kD - |t p62
B MG BAl1 3MA E IP-GFP-WB-Ub

C2 4 2 4 a4 (hrs)
“u BB -+ "% = -p62 (Short Exp.)

A/A
62kD WT ATG1eLl

- 4+ - 4+ MG132 (1hr)
62kD-|: w - p62 (long Exp.)

42kD-|-"-—- - —-‘4 SMA

C IP: p62
o p(Ub)-
WT ATG16L1 ATG5 KO GFP-p62

v.
Oé@v‘o,é cw\‘&a‘& c@q?o,

52"”4" ..-1 M M.I< P62
42k0”-‘-'| }_.,...,,-H, —m<B-Acﬁn P-’< IgG

150kD- P(L:;) p(Ub)-
P GFP-p62
65kD - "
- IgG

FIGURE 2. Autophagy mediates both proteasomal and lysosomal degradation of p62. A, p62 protein level is elevated in ATG16L1-deficient and ATG5 KO
MEF. The indicated cell lines were stimulated with IL-18 (1 ng/ml), and the levels of the indicated proteins were measured by IB. B, p62 is degraded by both
proteasome and autolysosome. WT MEF were treated with MG132 (10 um), bafiliomycin A1 (BA1, 100 nm), 3-methyladenine (3MA, 1 mm) and the indicated
proteins were measured by IB (exp.: exposure). All above data are representative of at least five independent experiments. C, autophagy regulates degradation
of p62 by the ubiquitin-proteasome pathway. The cell lines were treated as indicated and p62 and actin levels were measured by IB. To remove the noise from
the p62-interacting ubiquitinated proteins, similar amounts of p62 were immunoprecipitated (rather than the same amount of total extracts), subjected to
SDS-PAGE, and probed with anti-ubiquitin antibody. D, p62 is ubiquitinated. WT MEF were transfected with Flag-ubiquitin, and either p62 or Flag-ubiquitin was
immunoprecipitated and probed for Flag or p62, respectively. All data are representative of at least two independent experiments. £, GFP-p62 is ubiquitinated
in a ATG16L1-dependent manner. WT or ATG16L1-deficient MEF were transfected with GFP-p62 and treated with MG132 (10 um) for 1 h. The lysates were
harvested under the denaturing condition (the buffer containing 20 mm HEPES, pH 7.5,0.15 m NaCl, 1 mm DTT, 1 mm MEM (N-ethylmaleimide), 1% Triton X-100,
1% SDS, protease mixture (Sigma)), and immediately boiled for 10 min. The samples were diluted 3 X with the same buffer without SDS (final SDS concentra-
tion: 0.33%), p62 was immunoprecipitated with a monoclonal anti-GFP antibody and subjected to IB with anti-ubiquitin and anti-p62 antibodies successively.

Plasmids—Flag-ATG16L1 is described elsewhere (1), Vb5-tagged Cul-3 plasmid was obtained from Michael Free-
and human p62 cDNA was PCR cloned at Bgl2/NotI sites man (Vanderbilt University) (16). Human Myc-Nedd8
into a modified pCMV (Clontech) containing eGFP. expression vector was purchased from OriGene (Rockville,
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FIGURE 3. p62 enhances the strength of IL-1 signaling. A, p62 knockdown (KD) suppresses IL-18 signaling cascades in ATG16L1-deficient MEF. Cells were
transfected with either control or p62 shRNA, and were stimulated with IL-13 (1 ng/ml). Activation of NF-«B was measured by EMSA, and the levels of pERK, p62,
and B-actin by IB. B, p62 KD in ATG16L1-deficient MEF suppresses IL-1B-induced transcription of IkBa and KC. The mRNA levels of the indicated genes were
measured by qPCR. All data are representative of at least two independent experiments. C, p62 enhances IL-1 signaling in vivo. WT or p62 KO mice (n = 3-4,
10-week-old) were intraperitoneal injected with IL-18 (100 ng/mouse), and the sera were collected 90 min postinjection. The levels of TNFa and IL-6 were

measured by ELISA.

MD). The Flag-ubiquitin construct was obtained from M.
Karin (UCSD).

Quantitative PCR (qPCR)—Quantitative PCR was performed
as described with SYBR Green and GAPDH as control (15)
(Table 1).

p62 KO Mice—p62 KO mice were kindly provided by Jose
Moscat (7). To address the in vivo IL-18 response, WT or KO
mice (n = 3—4) were intraperitoneal injected, sera were col-
lected 90 min post injection, and TNFa or IL-6 was measured
by ELISA (eBiosciences).

Densitometry—Densitometry of all blots was performed with
Image ] software.

Statistical Significance—Statistical significances were calcu-
lated with one-way ANOVA or Student’s ¢ test. p values less
than 0.05 were considered significant.

Immunofluorescence—Immunofluorescence was performed
as described (15). Briefly, MEF grown in chamber slides were
fixed with 4% paraformaldehyde for 15 min at room tempera-
ture, washed with PBS/Triton X-100 (1%, PTX buffer) twice,
incubated with the indicated primary antibody for 1 h in PTX,
washed twice with PTX, incubated with a secondary antibody
conjugated with Alexa Fluor 488 or 546 (Invitrogen) for 1 h,
washed twice in PTX, and mounted for confocal imaging
(Olympus FV1000).

RESULTS

Autophagy Suppresses IL-1B Signal Transduction—To
investigate the role of autophagy in IL-18 signaling, we used
WT, ATG16L1-deficient (described in related figures as
ATG16L14% or A/A) MEF (mouse embryonic fibroblasts) (5)
and ATG5 KO cells (14). While WT cells produced little IL-6,
both ATG16L1-deficient and ATG5-KO cells produced it at a
high level in response to IL-183 stimulation (Fig. 14). Consis-
tently, the levels of IL-18 activated downstream signal trans-
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ducers were significantly higher in ATG16L1-deficient cells
compared with those in WT cells (3-fold in NF-«B activation
and 30 -50-fold in MAPKs) (Fig. 1B). In subsequent studies, we
used activation of ERK as a surrogate for all MAPKSs. Similarly,
activation of IL-1B-induced NF-«B and ERK in ATG5 KO cells
was higher, 2- and 6-fold, respectively, compared with WT cells
(Fig. 1C). Additionally, the levels of IL-1B-induced IkBa, IL-6,
and KC (keratinocyte-derived chemokine) mRNA were signif-
icantly higher in ATG16L1-deficient cells than in WT cells (Fig.
1D). However, the impact of ATG16L1 on the signaling of LPS
or TNF-a was minimal (supplemental Fig. S1). Collectively,
these data demonstrate that IL-13 signaling is amplified in
autophagy-deficient MEF, resulting in transcriptional and
translational activation of downstream targets. Because the
impact of ATG16L1 or ATGS5 deficiency on IL-1p signaling is
similar, most of the subsequent studies were performed in
ATGI16L1-deficient MEF.

ATGI16L1 suppresses IL-1f signal transduction via down-
regulation of p62. The fact that both NF-«kB and MAPK path-
ways are affected by ATG16L1 deletion indicated that its regu-
lation of IL-1p signaling by ATG16L1 must be at or above the
divergence of both pathways, such as at the level of MyD88-
IRAK-TRAF6-TAK1 (17). We therefore searched for mole-
cules that are affected by ATG16L1 and influence the MyD88-
IRAK-TRAF6-TAK]1 activation. p62 accumulates in cells with a
defective autophagasome formation (18), and acts as a signaling
hub through its ability to recruit and oligomerize signaling mol-
ecules (19). For instance, it promotes IL-18 signaling by its
association with TRAF6, promoting the oligomerization of
ubiquitinated TRAF6 (7, 20).

The p62level in ATG16L1-deficient and ATG5 KO MEF was
20 and 6 fold higher than that observed in WT MEEF, respec-
tively (Fig. 24). However, the p62 transcript levels were not
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affected by ATG16L1 deficiency (supplemental Fig. S2A).
Although it is known that p62 is primarily degraded by the
autolysosome, we found that p62 is also degraded by the pro-
teasome: Both proteasome inhibition (5-fold) and autolyso-
some inhibition (2-fold) induced p62 accumulation (Fig. 2B).
Furthermore, ectopically expressed GFP-p62 was also accu-
mulated upon proteasomal inhibition (supplemental Fig.
S2B), indicating that the accumulation of p62 by protea-
somal inhibition was not due to the transcriptional activa-
tion of p62. Both proteasomal and lysosomal p62 degrada-
tion was dependent on autophagy (ATG5 and ATG16L1)
(Fig. 2C), but these two degradation pathways were distinct
because only the proteasomal pathway involved ubiquitina-
tion of p62 (Fig. 2C). We further demonstrated the ubiquiti-
nation of p62 with overexpression of Flag-tagged ubiquitin
by immunoprecipitation and immunoblotting (Fig. 2D). In
addition, GFP-p62 underwent ubiquitinationina ATG16L1-
dependent manner under the denaturing conditions (Fig.
2D). These data strongly indicate that p62 itself undergoes
ubiquitination in an autophagy-dependent manner.

We next tested whether the elevated p62 protein level in
ATG16L1-deficient cells is responsible for enhanced IL-18
signaling. Indeed, siRNA-mediated silencing of p62 in
ATGI16L1-deficient cells inhibited IL-1B-induced activation
of NF-«B (2-fold reduction) and ERK (3 fold reduction) (Fig.
3A), and suppressed transcription of IkBa and KC (Fig. 3B).
These data indicate that elevated p62 enhances IL-18 signal-
ingin ATG16L1-deficient cells. Furthermore, knockdown or
ectopic expression of p62 in WT MEF suppressed or
enhanced IL-1f signaling, respectively (supplemental Fig.
S3).

We next explored the role of p62 in IL-1 signaling in vivo.
We measured serum cytokine levels induced by IL-18in WT
or p62 KO mice and found that TNF« or IL-6 production in
p62 KO mice was significantly lower than that in WT mice
(Fig. 3C), confirming the amplifying role p62 in IL-183
signaling.

ATGI6LI Induces Ubiquitination of p62—We next investi-
gated how ATG16L1 regulates p62 ubiquitination. First we
show that flag-ATG16L1 co-localizes with GFP-p62 in WT
MEF (Fig. 4A). In addition, reconstitution of ATG16L1 in KO
cells decreased the p62 protein level (2-fold) and suppressed
IL-1B-induced activation of NF-«B (1.5-fold) and ERK (3-fold)
(Fig. 4B). Blocking proteasomal degradation in the ATG16L1-
reconstituted cells increased p62 level (3-fold increase) and
induced accumulation of ubiquitinated p62 (Fig. 4C).

Cullin-3 Is E3 Ubiquitin Ligase of p62—Because p62 is known
to interact with Keapl, a component of Cullin-3 (Cul-3) ubiq-
uitin ligase for Nrf2 (9), we tested whether Cul-3 ubiquitinates
p62. Endogenous Cul-3 levels were not significantly affected by
ATGI16L1 deficiency (supplemental Fig. S4A4). Recombinant
Cul-3 indeed interacted with p62 (Fig. 5, A and B, and supple-
mental Fig. S4B) but this interaction did not require ATG16L1
(Fig. 5C). In addition, we found that endogenous ATG16L1,
p62, and Cul-3 proteins also form an immunoprecipitable com-
plex (Fig. 5C). Silencing of Cul-3 in WT cells significantly
enhanced the p62 level (7-fold) and IL-1 signaling (3-fold in
NF-«B and 7-fold in pERK) (Fig. 5D). However, this p62 up-reg-
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FIGURE 4. ATG16L1 induces ubiquitination of p62. A, ATG16L1 co-localizes
with p62. WT MEF were transfected either with GFP-p62 alone or with both
flag-ATG16L1 and GFP-p62, and IHC was performed with anti-Flag antibody.
(Scale bar represents 50 um.) B, reconstitution of ATG16L1 suppresses p62
expression and IL-18 signaling cascades in ATG16L1-deficient MEF. Cells were
transfected with the vector encoding either GFP or ATG16L1, stimulated with
IL-1B (1 ng/ml) and the levels of pERK, p62, ATG16L1 and SMA (smooth mus-
cle actin) were determined by IB. C, reconstitution of ATG16L1 induces ubig-
uitination of p62 in ATG16L1-deficient MEF. ATG16L1-deficient MEF were
transfected with Flag-ATG16L1, treated with MG132, p62 was immunopre-
cipitated and blotted for ubiquitin. All data are representative of more than
two independent experiments.

ulation was not due to the increased expression of Nrf2, a
transcriptional activator of p62 (21) (supplemental Fig. S5).
Furthermore, while overexpression of Cul-3 in WT cells sup-
pressed p62 level (5-fold) and IL-1p signaling (2-fold in NF-«B
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and 3-fold in pERK) (Fig. 5E), it did not affect p62 level and accumulation of ubiquitinated p62 (Fig. 5G). Collectively, these
IL-1p signaling in ATG16L1-deficient cells (Fig. 5F). Blocking data indicate that Cul-3 ubiquitinates p62 in an ATG16L1-de-
proteasome activity in Cul-3-transfected WT cells induced pendent mechanism.
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ATGI16L1 Is Essential for Cullin-3 Neddylation—Because
ATG16L1 did not regulate the Cul-3 expression level (sup-
plemental Fig. S4A4), we studied whether and how ATG16L1
regulates Cul-3 activity. Conjugation of Nedd8 (neddylation)
to Cul-3 is critical for its dimerization and activity (11, 12).
To determine the neddylation of Cul-3, we overexpressed
V5-Cul-3 and myc-Nedd8, and analyzed the neddylation by
immunoblotting. We detected in WT cell lysate a distinct band
above Cul-3 (i.e. Nedd8-Cul-3), which was absent in ATG16L1-
deficient MEF lysate (Fig. 5H). Using immunoprecipitation, we
confirmed that endogenous Cul-3 is neddylated only in WT but
not in ATG16L1-deficient cells. Both IL-1B-induced and consti-
tutive neddylation of Cul-3 was completely dependent on
ATG16L1 (Fig. 5I). Collectively, these data demonstrate that
ATGI6L1 is required for Cul-3 neddylation and thus for Cul-3-de-
pendent ubiquitination and degradation of p62.

DISCUSSION

Our data provide the molecular mechanism by which
ATGI16L1 suppresses a potent pro-inflammatory signal. As
summarized in Fig. 6, ATG16L1, most likely in complex with
ATG5-ATGI12 (22), suppresses IL-13 signaling by down-regu-
lating p62 levels. p62 was proposed to regulate the assembly and
delivery of polyubiquitinated, misfolded, or aggregated pro-
teins, or dysfunctional organelles for their clearance through
autophagy (23). In addition, it promotes aggregation of ubiq-
uitinated proteins such as TRAF6 for the activation of IL-13
signaling (7). The expression level of p62 is important for these
biological functions and it is thought to be regulated solely by
autophagy (18). Our data demonstrate that p62 also undergoes
proteasomal degradation through Cul-3-mediated ubiquitination
and that both ATG16L1 and ATGS5 play a key role in both pro-
cesses. A recent report showed that a significant portion of p62
co-elutes with proteasome when either proteasome or lysosome
function is inhibited, and that ATG16L1 associates with protea-
some under steady state or upon proteasomal inhibition (24).

ATGI16L1 deletion in mouse macrophages causes over-pro-
duction of IL-1 protein upon LPS stimulation (5), which may
explain the heightened susceptibility of mice carrying
ATG16L1-deficient macrophages in an animal model of ulcer-
ative colitis (5). On the other hand, the reduced expression of
ATGI16L1 in intestinal epithelial cells impedes the release of
antimicrobial peptides from Paneth cells, potentially resulting
in altered microbial communities adjacent to epithelial crypts
(4). A recent study proposed that viral infection in a host carry-
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FIGURE 6. ATG16L1 is a negative regulator of IL-1 signaling. Constitutive
degradation of p62 by the autolysosome and the proteasome in the presence
of WT ATG16L1 restrains IL-18 signaling cascades and the subsequent inflam-
matory response. In the absence of ATG16L1, p62 levels are increased. This
increase in p62 levels promotes oligomerization and activation of TRAF6 (7,
19), resulting in overactivation of NF-kB and MAPKs upon IL-18 stimulation
that leads to a hyper-inflammatory response.

ing the susceptible ATG16L1 allele can serve as an initial trigger
for a CD-like intestinal inflammation of the colon (25).

Our data provide novel insight to underlying molecular
mechanisms and demonstrate how ATGI16L1 suppresses
directly a pro-inflammatory signal. Our model predicts that
IL-18 overproduced by macrophages with dysfunctional
ATGI16L1 (5) also provokes a hyper-inflammatory response in
autophagy-deficient cells due to the enhanced TRAF6/p62 olig-
omerization, which amplifies the downstream signal transduc-
tion (Fig. 6). It also suggests that the threshold of IL-18 protein
levels to induce inflammatory responses would be much lower

FIGURE 5. ATG16L1 mediates ubiquitination of p62 by Cul-3. A, p62 co-localizes with Cul-3. GFP-p62 and V5-Cul-3 were expressed in WT MEF and IF was
performed with anti-V5 antibody. (Scale bar represents 20 wm.) B, Cul-3 interacts with p62. WT MEF were transfected with either GFP-p62 alone or with GFP-62
plus V5-Cul-3.V5-Cul-3 was immunoprecipitated with anti-V5 antibody, and the precipitates were immunoblotted for p62 and V5-Cul-3 successively. C, endog-
enous ATG16L1, p62, and Cul-3 form an immunoprecipitable complex. WT or ATG16L1-deficient MEF were treated as indicated, p62 was immunoprecipitated
and the levels of ATG16L1 and Cul-3 were measured successively by IB. D, Cul-3 silencing increases the p62 level and amplifies IL-13 signaling. WT MEF were
transfected with either control or Cul-3 siRNA. The levels of p62, pERK, ERK, Cul-3, Nrf-2, and SMA were determined by IB and NF-kB by EMSA. E, Cul-3
overexpression in WT MEF decreases the p62 level and suppresses IL-18 signaling. WT MEF were transfected with either GFP or V5-Cul-3. The levels of p62,
PERK, ERK, Cul 3, and SMA were measured by IB and NF-«B was measured by EMSA. F, Cul-3 overexpression in ATG16L1-deficient MEF does not affect the p62
level or IL-1B signaling. ATG16L1-deficient MEF were transfected with either GFP or V5-Cul-3. The levels of p62, pERK, Cul-3, and SMA were determined by IB,
and NF-«B by EMSA. G, expression of Cul-3 induces ubiquitination of p62. WT MEF were transfected with V5-Cul-3 and treated with MG132 as indicated. p62 was
immunoprecipitated and immunoblotted for ubiquitin. All data are representative of more than two independent experiments. H, ATG16L1 is required for
Cul-3 neddylation. WT or ATG16L1-deficient MEF were transfected with V5-Cul-3 plus Myc-Nedd8, and the levels of the indicated proteins were measured by
IB. , ATG16L1 is required for Cul-3 neddylation. WT or ATG16L1-deficient MEF were stimulated with IL-18 as indicated, Cul-3 was immunoprecipitated, and
probed for Nedd8 or Cul-3 by IB.
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in the hosts carrying a CD-susceptible ATG16L1 allele (T300A)
than that in those with a CD-resistant allele. Finally, our results
suggest that CD patients who carry the mutant form of
ATG16L may benefit from the inhibition of IL-1 signaling by
neutralizing IL-1 levels or by blocking IL-1R.
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