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ATG16L1 WD40 domain-dependent IL10R (interleukin 10 receptor) signaling is
insensitive to the T300A Crohn disease risk polymorphism
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ABSTRACT

A coding allele of ATG16L1 that increases the risk of Crohn disease (T300A; rs2241880) impairs the
interaction between the C-terminal WD40 domain (WDD) and proteins containing a WDD-binding
motif, thus specifically inhibiting the unconventional autophagic activities of ATG16L1. In a recent
publication we described a novel atypical role of ATG16L1 in the regulation of IL10R (interleukin 10
receptor) trafficking and signaling, an activity that involves direct interaction between the WDD and
a target motif present in ILTORB (interleukin 10 receptor subunit beta). Here we show that, unex-
pectedly, neither the ability of ATG16L1 to interact with ILTORB nor its role in supporting IL10
signaling are altered by the T300A mutation. These results indicate that the ATG16L17°°* allele
selectively impairs the interaction between the WDD and a subset of WDD-binding motif versions,
suggesting that only a fraction of the unconventional activities mediated by ATG16L1 are required to
prevent Crohn disease.

Abbreviations: ATG, autophagy related; ATG16L1, autophagy related 16 like 1; BMDMs, bone
marrow-derived macrophages; CRISPR, clustered regularly interspaced short palindromic repeats;
CSF1/M-CSF, colony stimulating factor 1; FBS, fetal bovine serum; GSH, glutathione; IL10, interleukin
10; IL10R, interleukin 10 receptor; LPS, lipopolysaccharide; MAP1LC3/LC3, microtubule associated
protein 1 light chain 3; MEFs, mouse embryonic fibroblasts; PMA, phorbol myristate acetate; p-STAT3:
phosphorylated STAT3; gPCR, quantitative polymerase chain reaction; SDS, sodium dodecyl sulfate;
sgRNA, single guide RNA; TMEM59, transmembrane protein 59; TNF, tumor necrosis factor; TNFAIP3/
A20, TNF alpha induced protein 3; WDD, WD40 domain; WIPI2, WD repeat domain, phosphoinositide
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Introduction

ATGI6L1 is a critical mediator of macroautophagy (hereafter
referred to as autophagy) that plays an important role in the
MAPI1LC3/LC3 lipidation complex [1], both as a scaffold for
the macromolecular assembly and also by specifying the
membrane site where LC3 will be lipidated [2]. ATG16L1
includes a large C-terminal domain formed by 7 WD40-type
repeats (WD40 domain, WDD, residues 320-607) [3] whose
function has remained unclear. This is because a version of
ATGI16L1 lacking this region is fully competent to sustain
canonical autophagy in mammalian cells [4-6], leading to
the idea that the WD40 repeats are irrelevant for the canonical
autophagic pathway. Recent studies have revealed that the
WDD is critical for unconventional autophagic activities
where LC3 becomes lipidated in single-membrane intracellu-
lar compartments unrelated to canonical double-membrane
autophagosomes [5-7], like for example vesicles of the endo-
somal (LC3-associated endocytosis, LANDO) [8] or phagoso-
mal (LC3-associated phagocytosis, LAP) [6] compartments.
Conjugation of LC3 to single membranes/CASM in response

to lysosomotropic drugs [6,9] or Salmonella infection [10] is
also mediated by the WDD through the vacuolar-type H*-
translocating ATPase (V-ATPase). The physiological implica-
tions of these unconventional processes are beginning to be
unraveled.

We previously found that the ATG16L1 WDD provides
a docking surface for molecules that contain a specific WDD-
binding amino acid motif, an interaction that allows engage-
ment of the LC3 lipidation activity of the N-terminal domain
in unconventional localizations [7,11]. We originally discov-
ered the WDD-binding motif in the intracellular domain of
the transmembrane protein TMEMS59, where its ability to
recruit ATGI6L1 causes labeling of the same endosomes
where TMEMS59 is located with LC3 to promote their target-
ing to the lysosomal compartment [7]. Since then, we found
that the ubiquitin editor and anti-inflammatory mediator
TNFAIP3/A20 includes a similar WDD-binding element
[12], and we also identified IL1IORB as a protein able to bind
the WDD through a motif present in its intracellular region
[13]. In this case, the interaction between IL10RB and the
WDD is required for proper endocytosis, early trafficking and
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optimal signaling output of the receptors upon engagement by
IL10 [13]. Because yeast Atgl6 lacks the WDD, the evolu-
tionary addition of this domain has likely facilitated extension
of ATGI6L1 functions to specialized activities that may be
exclusive of multicellular organisms.

A coding polymorphic allele of ATGI16L1 that changes Thr
to Ala at position 300 (T300A; rs2241880) increases the risk of
suffering Crohn disease [14,15], an intestinal inflammatory
pathology that is currently incurable [16]. Previous data sug-
gest that the T300A allele impairs the unconventional func-
tions of ATG16L1 without influencing canonical autophagy
[5]. For instance, secretion of anti-microbial peptides by
Paneth cells [17], the control of innate immune inflammatory
responses [18] or some anti-bacterial defense mechanisms
[19,20] are all impaired by ATG16L17T3004, Mechanistically,
the T300A mutation has been shown to increase susceptibility
of an overlapping target site to caspase processing [20,21], and
also to decrease the ability of the WDD to bind the WDD-
binding motif present in TMEM59 under healthy conditions
where caspase activity is minimal [5]. This latter defect alters
the intracellular trafficking and normal function of TMEMS59,
thus impairing the innate cellular defense against bacterial
infections [5]. Given that the T300A mutation inhibits the
ability of the WDD to interact with its target motif in
TMEMS59, we hypothesized that the interaction between
ATGI16L1 and IL10RB that we recently reported [13] could
also be inhibited by the T300A allele. IL10 is a prominent
anti-inflammatory cytokine [22], so defective IL10R signaling
caused by ATG16L17%°* could explain at least part of the
pro-inflammatory consequences of the T300A mutation.

Here we show that, contrary to what we expected, the
T300A mutation did not impair neither the WDD-
dependent interaction between ATGI16L1 and IL10RB nor
the functional properties of IL10RB, suggesting that only
a fraction of WDD-binding motif-containing proteins may
be susceptible to the deleterious effects of this allele.

Results

To explore if the T300A mutation impedes the interaction
between ATG16L1 and IL10RB we confronted tagged versions
of the receptor with wild-type (WT) ATGI16L1 (T300) and
ATG16L17%4 (A300) forms of ATG16L1 (isoform B) in co-
immunoprecipitation assays carried out in HEK-293 T cells,
following the same protocols we used in our previous pub-
lication [13]. Surprisingly, ILI0RB bound equally well to both
constructs (Figures 1A and 1B), indicating that the T300A
mutation has no obvious impact on the ability of the WDD to
recognize its target motif in IL10RB. This result is in contrast
to previous data showing that the WDD of ATG16L173%4
interacts defectively with TMEM59 [5] (see also Figure 1A,
bottom panel), but is consistent with other data indicating
that TNFAIP3/A20 binds ATG16L17°°* normally [12].
While the T300A mutation prevents the interaction
between the WDD and TMEMS59, whether or not it might
have additional consequences in the ability of ATG16L1 to
relay downstream unconventional autophagic signals is
unclear. Since IL10RB interacts with the WDD in a T300A-
insensitive manner it constitutes a good system to test this

idea, so we carried out a variety of functional studies to
explore if IL10R signaling might be influenced by the T300A
allele. To this end, we engineered atgl6/1”"~ mouse embryonic
fibroblasts (MEFs) to express T300 or A300 ATGI16L1J
c¢DNAs from a retroviral vector, and we subsequently recon-
stituted both cellular strains with the critical elements of the
IL10R signaling system: STAT3, a STAT3-luciferase transcrip-
tional reporter and both IL10 receptors, as we have done in
our previous studies [13]. ATGI16L1 transgene expression
levels were comparable in T300 and A300 strains
(Figure 2A) and, consistent with previous publications [5],
both the basal (Figure 2B, left panel) and rapamycin-induced
(Figure 2B, right panel) canonical autophagic fluxes remained
unaltered in A300-expressing cells. In addition, the expression
levels of IL1I0Rs (A and B chains) were similar in WT
ATGI16L1 and ATG16L1"7%* cells, measured by both western
blotting (Figure 2C) and flow cytometry (Figure 2D), thus
allowing direct comparison of IL10 signaling between both
cellular systems. Consistent with the data mentioned above
(see Figures 1A and 1B), co-immunoprecipitation studies
carried out upon IL10 exposure in the same conditions we
previously optimized for specific binding [13] showed the
same levels of WT ATG16L1 and ATG16L1"°** in IL10RB-
Flag immunoprecipitates (Figure 2E), and comparable ILLORB
signals present in WT HA-ATG16L1 and HA-ATG16L1"%*
precipitates (Figure 2F). These results are again consistent
with the idea that the T300A mutation does not impair the
IL1I0RB-ATG16LI interaction in response to IL10 stimulation.
Signaling studies performed in these cells using the STAT3-
luciferase reporter system indicated that IL10 signaling
remains unaltered in cells expressing ATGl6L1"%*
(Figure 2G), under the same experimental settings established
in our previous article to observe the effect of the WDD [13].

To explore this issue in cells naturally responsive to
IL10, we resorted to the THP1 human monocytic cell line,
which becomes strongly sensitive to IL10 after phorbol
myristate acetate (PMA) treatment [13]. Endogenous
ATGI16L1 was depleted in these cells using a lentiviral ver-
sion of the CRISPR-Cas9 system, and we subsequently
restored the depleted strain with single guide RNA
(sgRNA)-resistant, silent mutants of WT ATGI6L1P or
ATG16L1B™ %A, The expression levels of both ATG16L1
versions were comparable in both engineered cell lines
(Figure 3A). Consistent with the results observed in
MEFs, IL10 induced similar levels of nuclear phosphory-
lated STAT3 (p-STAT3) measured at different times post-
treatment in both WT ATGI6L1 and ATG16L1"** cells
(Figure 3B), arguing again that IL10 signaling is unaffected
in A300-expressing cells. Last, to verify these results in
primary cells, we isolated bone marrow-derived macro-
phages (BMDMs) from wild-type and knock-in mice
expressing the T300A mutation [20], confirmed that they
express comparable levels of ATG16L1 (Figure 3C) and
subjected them to a variety of IL10 signaling studies. We
found that IL10 was able to induce similar levels of nuclear
p-STAT3 (Figure 3D), comparable expression of Bcl3 (an
IL10-responsive gene; Figure 3E) and equal suppression of
Tnf/TNFo mRNA induction by lipopolysaccharide (LPS;
Figure 3F) in T300 and A300 BMDMs.
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Figure 1. Comparable interaction between ILTORB and WT ATG16L1B (T300, T) or ATG16L18™%" (A300, A). HEK-293 T cells were co-transfected with the indicated
constructs, lysed 36 h later and subjected to GST immunoprecipitation with agarose beads coupled to GSH. Shown are western blots against the indicated molecules.
IP: immunoprecipitate; TL: total lysate. (A) Co-immunoprecipitation between GST-ATG16L1B or GST-ATG16L18™°°* and IL10RB-HA (top panel) or TMEM59 (bottom
panel). (B) Co-immunoprecipitation between GST-IL10RB and HA-ATG16L1B or HA-ATG16L1B"%",

Discussion

We previously showed that the T300A mutation inhibits the
ability of the WDD to bind its target motif present in TMEM59,
so we hypothesized that all molecules including a functional
WDD-binding motif might be unable to properly recognize
ATGI6L1"**, Unexpectedly however, we found that at least
in the case of IL10RB, this is not the case, as its interaction with
ATG16L17*°* remains unaltered. We also established that none
of the main functional consequences of ATG16L1 in ILIORB
biology are affected by the T300A mutation, indicating that
ATGI6L17** fully retains the potential to relay downstream
unconventional autophagic signals provided that binding to the
upstream motif-containing inducer is unaffected.

These results have important implications regarding the mole-
cular consequences that the T300A mutation has in the biology of
ATGI6LI1. First, it appears that, in the absence of significant
caspase activity and proteolysis of ATGL6L1, only a fraction of
motif-containing WDD-binding molecules show defective bind-
ing to ATG16L17%4, thus pointing to the interesting idea that
the T300A mutation alters the function of a limited set of WDD-
interacting molecules under healthy conditions. As we recently
established [13], the WDD-binding motif is complex, with
a number of positions being quite flexible, so it is possible that
different versions of the motif may show different affinities for the
T300 and A300 ATG16L1 forms. This scenario is consistent with
the idea that the T300A mutation may cause a mild structural
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Figure 2. Unaltered IL10R signaling in MEFs expressing ATG16L17%*, atg16/77~ MEFs were retrovirally transduced to harbor a STAT3-luciferase reporter system and
to express STAT3, WT ATG16L1B (T300) or ATG16L1B™%" constructs (T or A, respectively), and IL10Rs A and B. (A) Expression levels of WT ATG16L1 and
ATG16L1™%A, Cells were lysed for western blotting against the indicated molecules. (B) Autophagic flux in cells expressing ATG16L1B or ATG16L1B™°**. The
indicated cells were treated with bafilomycin A; (Baf., 75 nM, 6 h; left panel) or rapamycin (Rap.), E64d and pepstatin (2 uM and 10 pg/ml each, respectively, for 10 h;
right panel), and lysed for western blotting. (C) IL1T0RA and IL10RB expression in the engineered MEFs. Cells were lysed for the indicated western blots. (D) Surface
expression levels of IL10Rs. Cells were subjected to flow cytometry with specific anti-IL10R antibodies. Shown are average percentages of positive cells with respect
to control cells lacking ILT0Rs (left axis, white bars) and the average mean of fluorescence of the positive cells (MF, right axis, gray bars), from triplicate experimental



alteration to the WDD that modifies the specificity of the inter-
action between full-length, uncleaved ATGI6L1 and its natural
ligands, rather than completely disrupting the interaction capabil-
ities of the WDD [5,23]. A bipartite membrane-binding region
spanning position 300 in ATG16L1P (amino acids 266-319) has
been shown to be important for LC3 lipidation at high, but not
low, curvature vesicles [24]. Assuming that the T300A mutation
could disturb this membrane-binding region, it is conceivable that
a possible different size and/or curvature of the endosomal
vacuoles carrying TMEM59 or IL1I0RB could contribute to the
differential effect of the T300A mutation on the function of both
effectors.

Second, since IL10RB functions normally in the presence of
ATG16L1"%%, the T300A mutation is unlikely to have addi-
tional functional consequences in the atypical activities of
ATGI6L1 other than disrupting the interaction features of the
WDD. Thus, its ability to promote LC3 lipidation or to interact
with other effectors that bind the N-terminal domain (ATGS5,
RB1CC1/FIP200, WIPI2, RAB33) likely remain unaffected, also
explaining why ATG16L17%* can fully sustain the canonical
autophagic pathway. Consequently, systematic identification of
the specific set of motif-containing proteins showing defective
interaction with ATG16L1"*** will likely lead to the relevant
molecules and their associated biological activities whose normal
function is required prevent the onset of Crohn disease. Whether
this is a large set of proteins or if TMEMS59 is the main effector
whose dysfunction by ATG16L17%* explains the pathological
effects of the T300A mutation is currently unclear, but this is
a relevant question that we believe is worth exploring.

Third, while these considerations apply to healthy condi-
tions with minimal caspase activity, the T300A mutation may
derail the normal function of all WDD interactors in physio-
logical situations accompanied by elevated caspase function.
In such apoptotic scenario, caspase processing of
ATG16L17%* would uncouple the Nt and Ct (WDD)
domains, thus inhibiting the ability of WDD-interacting pro-
teins to induce the LC3-lipidation activity of the N-terminal
domain in unconventional localizations.

Identification of the whole collection of motif-containing,
WDD-interacting proteins and establishing the specific frac-
tion of this collection that binds defectively to ATG16L1"2%°*
will help increase our understanding of the physiological
dysfunctions that are caused by this allele to increase the
risk of Crohn disease and other pathologies.

Materials and methods
Cell lines, cell culture and reagents

HEK-293T and THP1 cells were obtained from the American
Type Culture Collection (CRL-11268 and TIB-202,
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respectively). The atgl6l1”'~ MEFs were described previously
[25,26], and we engineered these cell by transducing them
first with a retroviral STAT3-luciferase reporter system and
a plasmid expressing human STAT3. Cells were then restored
with retroviral constructs expressing WT ATGI16L1p (T300)
or ATGI6L1B** (A300) forms. Finally, cells were trans-
duced with a mixture of retroviral supernatants harboring
human ILI0RA-AU and IL10RB-Flag. THPI1 cells were
infected with lentiviruses expressing the CRISPR-Cas9 guide
against ATGI6LI and selected in puromycin (1 ug/ml; Sigma,
P8833) for 6-7 days. Cells were then restored via retroviral
transduction of constructs expressing WT ATGI16L1B or
ATG16L1B"™" where the sgRNA target sequence was
silently inactivated by mutation. Cells were cultured at 37°C
and a humidified 5% CO, atmosphere, in DMEM (Invitrogen,
41966052) supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Invitrogen, 10270106), 2 mM glutamine
and 100 U/ml of penicillin-streptomycin (Invitrogen,
15140130). Bafilomycin A, pepstatin and rapamycin were
purchased from Sigma (B1793, P4265, R0395, respectively),
and E64d from Calbiochem (330005). Recombinant human
and mouse IL10 and CSF1/M-CSF were from Life
Technologies (PHC0105), R&D (417-ML-005) and Biolegend
(574804). For pulse-chase experiments, cells were incubated
with IL10 for 30 min at 4°C, washed twice and incubated at
37°C for the relevant times before lysis for western blotting.

DNA constructs

All constructs for cDNA expression were cloned into the
PEAK series of mammalian expression vectors (kind gift by
Dr. Brian Seed, MGH, Boston, MA, US) or a retroviral deri-
vative called P12-MMP (kind gift by Dr. Felix Randow, LMB,
Cambridge, UK). The ATGI16L1 ¢cDNA isoform used in all
experiments was ATGI6LIP. For experiments involving the
CRISPR-Cas9 system to deplete ATG16L1 in human THP1
cells, the specific sgRNA guide was cloned using suitable
BsmBI restriction sites available in the lentiviral vector
lentiCRISPRv2 that also expresses Cas9 and the puromycin
resistance gene (Addgene, 52961; deposited by Dr. Feng
Zhang). The guide is directed to positions 78-97 of the
ATGI6LI mRNA (5 GCTGCAGAGACAGGCGTTCG 3,
counting from the first coding nucleotide in the ATGI6LI
mRNA) and was selected using the BreakingCas server at the
Centro Nacional de Biotecnologia (Madrid, Spain; https://
bioinfogp.cnb.csic.es/tools/breakingcas/index.php). Once
ATGI16L1 was successfully depleted, cells were restored via
retroviral transduction of constructs expressing WT
ATGI6L1B or ATGI6L1B™%* versions where the sgRNA
target sequence and the PAM were silently mutated using
the oligonucleotide: 5> GCTcCAGAGgCAaGCcTTCGAaG 3.

points -/+ s.d. (n = 3; n.s. P-value > 0.05, two-sided Student’s t-test). (E) Unaltered binding of HA-ATG16L17>%* to IL10RB-Flag upon IL10 exposure. The indicated cells
expressing T or A alleles of ATG16L1f, ILTORA and IL10RB-Flag were treated with IL10 (50 ng/ml) in the presence of E64d and pepstatin (10 pg/ml each) for 30 min
and lysed for anti-Flag immunoprecipitation. The resulting precipitates were subjected to western blotting. (F) Comparable levels of IL10RB in HA-ATG16L1 or HA-
ATG16L1™%* immunoprecipitates upon IL10 treatment. The same cells as in E were treated as in E and subjected to anti-HA immunoprecipitation for western
blotting. The experimental conditions used in E and F provide specific co-precipitation signals as established in our previous publication [13]. (G) Similar IL10-induced
signaling in cells expressing ATG16L1 or ATG16L1™%A The indicated cells (N, cells expressing ATG16L1 N-terminal domain; residues 1-299) were treated with IL10
(4 h, 50 ng/ml) and lysed to measure luciferase activity. Data show means of fold induction of luciferase activity -/+ s.d. (n = 3; n.s.: P > 0.05; (***); P < 0.001, two-

sided Student’s t-test).


https://bioinfogp.cnb.csic.es/tools/breakingcas/index.php
https://bioinfogp.cnb.csic.es/tools/breakingcas/index.php

3028 I. SERRAMITO-GOMEZ ET AL.

A B . 5 15 30 60 - IL10 (tme, min) C
Lo B e Y e a— I —
wa TATATATATA < ATGI6LI A6l
kbDa T A < ATG16L1 anti 100 kba T A T A < genotype
i - STAT - oy < p-STAT3-Y705 , )
ATGIGLY | = ATG16L1 PSTATS 75 AToe g e s« ATG16L1
a7- anti- 107 - < STAT3
i STAT3 75 - - 37-
anti- —— - anti
GAPDH 25— GAPDH . oMby o GAPDH
ngincore e e BMDMs BMDM
Engineered 15 - DMs DMDNIS
THP1 cells p-STAT3:STATS Pair #1  Pair #2

p-STAT3:H3 [o.64o.79]0.85
Engineered THP1 cells

D IL10
- 5 15 30 - 5 15 30 - 5 15 30 - (time, min)
) Alg16/1
- g
KDa TATATATA TATATATA TATATATA genotype
anti- 100 - oy . - - 2
- _ - .. - e s - - - < p-STAT3 ®
p-STAT3 75 Y705 E iE)
anti- 100 - . L & 2
STAT3 75- L e -y — — ————— - w4 STAT3 '<_t =
- = %]
; 20 - @ e
anti-H3 < H3 &
15 -
p-STAT3:STAT3 [o.86]0.89]0.90]0.89]0.44[0.46] [1.11]1.21]0.80]0.68[0.70]0.4¢] [0.65]o.68]o.70]0.720 31[0.32| IL10
p-STAT3:H3 [1-02]1.04]0.67]0 88]0.31[0.39] |o.80]o.86]0.61]0.41]0.40]0.25] |0-39]0.55|0.480.610.15[0.24| (time, min) » 5 15 30
BMDMs Pair #1 BMDMs Pair #2 BMDMs Pair #3

m
M

n.s n.s. n.s n.s. n.s. n.s n.s
| — | — 1 B 1 | — | — | —
R 8 <5 200 c5 3 = 800
B ° ZZ .9% . <Z,:Z
55 6 IE 150 : 88 T2 600 .
~ _ L ~
§=>~I g § 5 . -E % 2 g 5 .
20 o ~ o m [S¥e]
5] 4 100 o] 400 L]
.g<2( o5 8% oE R
EX 2 £3 50 HRl= gz’ 5S 200
= >
he] E % 8— $ E % § un
e o oo gl OE 0 o 0 i
Atg16l1 b Atg16l1
T A T A T A < genotype - T A T A T A T A < genotype
Untreated IL10 Untreated LPS LPS +IL10

Figure 3. Unaltered IL10 signaling in THP1 cells and BMDMs expressing ATG16L17°°*, (A) ATG16L1 expression levels in THP1 cells depleted of endogenous ATG16L1
and restored with sgRNA-resistant versions of WT ATG16L18 or ATG16L18™%, The indicated cells were lysed for western blotting against the shown molecules. (B)
Pulse-chase assay of IL10-induced nuclear phosphorylated STAT3 (p-STAT3) in THP1 cells. Cells described in A were treated with PMA (125 ng/ml; 48 h), incubated
with IL10 (50 ng/ml) for the indicated times following a pulse-chase protocol, and lysed to obtain nuclear extracts for the indicated western blots. Corrected
densitometric quantifications are shown at the bottom of the western blot panels. This experiment was repeated twice with similar results. (C) Expression levels of
ATG16L1 in BMDMs isolated from WT Atg76/1 and Atg16/17°° mice. Bone marrow cells were isolated from the indicated mice, differentiated in the presence of CSF1
(20 ng/ml; 6 days) and lysed for western blotting. (D) Pulse-chase assay of IL10-induced p-STAT3 phosphorylation in BMDMs. BMDMs isolated as in C from 3
randomly-chosen mice pairs were treated with IL10 (50 ng/ml) for the indicated times and lysed to obtain nuclear extracts for western blot. Corrected densitometric
quantifications are shown at the bottom. Graphs on the right include statistics of the obtained densitometry values (n = 3; (n.s.): P > 0.05, two-sided Student’s t-test).
(E) Quantitative PCR to evaluate IL10-induced Bc/3 expression. BMDMs were obtained as in C, treated with IL10 (50 ng/ml, 4 h) and lysed for Bc/3 qPCR. Data are
expressed as average fold-inductions caused by IL10 treatment -/+ s.d. (n = 6 mice; (n.s.): P > 0.05, two-sided Student’s t-test; left panel), and relative copy number
(RCN) for the individual samples (right panel). (F) Quantitative PCR to assess IL10-induced suppression of Tnf mRNA upregulation by LPS. BMDMs were isolated as in
C, treated with LPS (1 ng/ml; 6 h) with or without IL10 (50 ng/ml) and lysed for Tnf qPCR. Data are expressed as average fold-inhibition values caused by IL10 -/+ s.d.
(n = 6 mice; (n.s.): P > 0.05, two-sided Student’s t-test; left panel), and relative copy numbers (RCNSs, right panel).

ATGI16L1P including the T300A mutation was generated by supernatants generated by co-transfecting the relevant P12-
site-directed mutagenesis using a mutagenic oligonucleotide: MMP constructs into HEK-293 T cells together with helper
5 CAGGACAATGTGGATgCTCATCCTGGTTCTGG 3’ and plasmids expressing gag-pol (pMDgag_pol) and env (VSV-G,
verified by sequencing. Constructs expressing HA- and GST-  ,MD-G), both kindly shared with us by Dr. Richard Mulligan
tagged human ATGI6L1P, IL10RB-Flag, -HA or -GST,
ILIORA-AU, STAT3, STAT3-luciferase were described pre-
viously [13].

(Harvard University, Boston, MA, US). Viral supernatants were
collected 48 h post-transfection, diluted 1:1 with fresh medium
supplemented with 8 pg/ml polybrene (Sigma, H9268), and spun
onto the target cells for 1 h, 850 x g, 32°C. To perform lentiviral
transductions to deplete ATG16L1 in THP1 cells using the
Transfections and viral transductions CRISPR-Cas9 system, we co-transfected the lentiCRISPRv2
Transfections were carried out using jetPEI (Polyplus, 101-40). ~ plasmid along with the helper plasmids psPAX2 (Addgene,
Retroviral transductions were carried out using viral 12260; deposited by Dr. Didier Trono) and pCMV-VSV-G



(Addgene, 8454; deposited by Dr. Robert Weinberg) into HEK-
293T cells. Viral supernatants were diluted 4:1 with fresh med-
ium and used to infect the target cells essentially as described
above for retroviral transductions.

Cell lysis, western blotting and co-precipitation studies

Total cell lysates were isolated by resuspending the cell pellets
in 2x sodium dodecyl sulfate (SDS) sample buffer (SB) lacking
B-mercaptoethanol and bromophenol blue (100 mM Tris-
HCI, pH 6.8, 4% SDS and 20% glycerol) but supplemented
with PMSF (10 pg/ml; Roche, 837,091) and a protease inhi-
bitor cocktail (Sigma, P8340). Samples were boiled for 15 min
and spun for 5 min remove debris. To generate nuclear
extracts, cells were lysed on ice for 30 min in a buffer contain-
ing 1% Igepal CA-630 detergent (Sigma, 13021), 150 mM
NaCl, 50 mM Tris, pH 7.5, 5 mM EDTA, protease inhibitors
(PMSF and protease inhibitor cocktail) and phosphatase inhi-
bitors P-glycerophosphate (25 mM; Sigma, G9422), sodium
fluoride (5 mM; Sigma, $7920) and orthovanadate (1 mM;
New England Biolabs, P0758) and centrifuged at 16,100 x g
for 10 min. The resulting nuclear pellets were lysed in SB as
described above. Protein concentrations were obtained using
the DC Protein Assay (Bio-Rad, 5000116). For co-
immunoprecipitation assays, cells were lysed in the same
buffer as above and the resulting lysates diluted 1:5 to
a final detergent concentration of 0.2%. Lysates were then pre-
cleared with agarose beads (1 h, 4°C, rotation; Sigma, 4B200)
and immunoprecipitated with the relevant primary antibodies
(3 h, 4°C, rotation) plus agarose beads coupled to protein
G (1 h, 4°C, rotation; GE Healthcare, 17-0618-01), or agarose
beads coupled to glutathione (GSH, 3 h, 4°C, rotation; GE
Healthcare, 17-0756-01). Immunoprecipitating antibodies:
Anti-Flag (D6W5B, rabbit; Cell Signaling Technology,
14,793; 1:150) or anti-HA (16B12, mouse, BioLegend
901501, 1:150). Beads were washed 3-4 times with cold
immunoprecipitation buffer (0.2% detergent), resuspended
in 2x Reducing Sample buffer, and boiled for 10 min. Equal
amounts of protein or immunoprecipitation eluates were
resolved by SDS-PAGE, transferred to a polyvinilidene
difluoride membrane (Millipore, IPVH00010) and probed
with primary antibodies against GST (rabbit; Cell Signaling
Technology, 2622), HA (16B12, mouse, Babco Biolegend,
901501; or C29F4, rabbit, Cell Signaling Technology, 3724S),
Flag (M2, mouse, Sigma F3165; or D6WS5B, rabbit, Cell
Signaling Technology, 14793), GFP (B34, mouse; BioLegend,
902601), ATG16L1 (1F12, mouse, MBL, M150-3 or rabbit,
PM040), ILIORA (A3, mouse; Santa Cruz Biotechnology, sc-
365,374), ILIORB (F6, mouse; Santa Cruz Biotechnology, sc-
271969), TMEM59 (generated in-house, rabbit polyclonal),
phosphorylated STAT3-Y705 (rabbit; Cell Signaling
Technology, 9131), STAT3 (mouse; Cell Signaling
Technology, 9139), Histone H3 (D1H2, rabbit mAb; Cell
Signaling Technology, 4499), LC3 (mouse; MBL, M186-3),
SQSTM1/p62 (mouse; BD, 610833), GAPDH (6C5, mouse;
Abcam, ab8245). Blots were incubated with the appropriate
secondary HRP-coupled antibodies (Jackson
Immunoresearch, anti-mouse, 115-035-003; anti-rabbit, 111-
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035-003) and developed by chemiluminescence (ECL;
Amersham, RPN2134).

Flow cytometry

MEFs were resuspended in culture medium supplemented
with 0.1% azide and mouse immunoglobulins (1:100; Sigma,
12-371), and pre-incubated for 30 min on ice. Cells were then
incubated with the specific antibodies (1:100, 30 min, ice)
with occasional gentle mixing, washed and analyzed in an
Accuri C6 (BD BioSciences) flow cytometer. Specific antibo-
dies were: anti-human-IL10RA-Alexa Fluor 647 (rat; BD,
565255), anti-human-IL10RB-Alexa Fluor 647 (mouse; BD,
564372).

Luciferase assays

MEFs were pre-incubated for 4 h in medium containing 0.5%
FBS and then treated with IL10 for the indicated times before
lysing them to measure luciferase activity using the Promega
Luciferase Assay System (E1500).

Assays with THP1 cells and BMDMs

THPI1 cells were pre-treated with PMA (125 ng/ml; Sigma,
P8139) for 48 h to promote their differentiation to macro-
phages, and then incubated in 1% FBS for 5 h before IL10
treatment. Wild-type and Atg16117°* knock-in mice [20]
were dissected and their tibias and femurs flushed with
a 23 G syringe filled with cold culture medium containing
20% FBS to isolate bone marrow cells. Cells were then plated
at a density of 2 x 10° cells/ml and treated with 20 ng/ml
CSF1 for 6 days. Adherent cells were harvested at the end of
the differentiation process using a cell scraper and plated in
20% FBS medium lacking CSF1 for 16 h. Next day, cells were
incubated for 5 h in DMEM 1% FBS before IL10 and/or LPS
(Invivogen, Tlrl-3pelps) treatment. Mice were maintained and
euthanized following European regulations.

Quantitative PCR

Total RNA was isolated from BMDMs using the RNeasy Mini
Kit (Qiagen, 74104) and used for quantitative PCR (qPCR)
with the qPCR iTaq Universal SYBR Green One-Step kit (Bio-
Rad, 1725150). Around 30-50 ng of total RNA was used as
a template per qPCR reaction. Data were corrected against the
results obtained for Actb/Actin beta or Gapdh (as control
genes) to obtain fold variations of gene expression between
control and treated cells following the 2722C; method [27].
Arbitrary measurements of mRNA abundance in all condi-
tions were obtained by calculating the individual relative copy
number (RCN) using internally-corrected 272Cr values as
previously described [28]. Primers were selected with the
PrimerBank Primer Search on-line tool (MGH, Harvard;
https://pga.mgh.harvard.edu/primerbank/). Primer sequences
were: mouse Bcl3: fw, 55 CCGGAGGCCCTTTACTACCA 3,
rev, 5 GGAGTAGGGGTGAGTAGGCAG 3’; mouse Tnf: fw,
5  CCCTCACACTCAGATCATCTTCT 3, rev, 5
GCTACGACGTGGGCTACAG 3’; mouse Actb/Actin beta:
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fw, 5 GGCTGTATTCCCCTCCATCG 3, rev, 5
CCAGTTGGTAACAATGCCATGT 3’; mouse Gapdh: fw, 5
AGGTCGGTGTGAACGGATTTG 3, rev, 5
TGTAGACCATGTAGTTGAGGTCA 3.

Statistical analysis

Graphs shown in Figures 2D, 2G and 3D were generated using
Excel and those in Figures 3E and 3F were generated using
GraphPad Prism 7.04. In all cases the data represent mean -/+
standard deviation values obtained from the indicated number of
experimental points (n). Statistical significance was established by
calculating the P-values resulting from two-tailed Student’s t-tests.
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