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theinteraction of XIAP with RIP2
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ABSTRACT

SHIP-1 is an inositol phosphatase predominantlyesged in hematopoietic cells. Over the ten past
years, SHIP-1 has been described as an importaptlater of immune functions. Here, we
characterize a new inhibitory function for SHIPALNOD?2 signaling. NOD2 is a crucial cytoplasmic
bacterial sensor that activates proinflammatory antimicrobial responses upon bacterial invasion.
We observed that SHIP-1 decreases NOD2-inducedBN&etivation in macrophages. This negative
regulation relies on its interaction with XIAP. ked, we observed that XIAP is an essential mediator
of the NOD2 signaling pathway that enables propEsBR activation in macrophages. Upon NOD2
activation, SHIP-1 C-terminal proline rich domalPRD) interacts with XIAP, thereby disturbing the
interaction between XIAP and RIP2 in order to dasesNF«xB signaling



INTRODUCTION

Innate immunity constitutes the first line of hdstfence against pathogens. It activates inflammatio
and initial antimicrobial responses prior to thesenof adaptive immunity. Recognition of invading
pathogens is a crucial mechanism that relies oogretion of pathogen-associated molecular patterns
(PAMPSs) by patterns recognition receptors (PRRbe PRR armada is composed of the membrane-
associated toll-like receptors (TLRs, reviewed il that sense pathogens at cell surface and within
the endosomes whereas the cytosolic NOD-like recgep{NLRs, reviewed in [2]) guard the
intracellular compartment. NLRs, such as NOD1 a@D9, are able to induce cytokines, chemokines
and antimicrobial peptides production by activating transcription factor nuclear facticds- (NF-«B)

and mitogen-activated protein kinases (MAPKs) NADD2 detects muramyl dipeptide (MDP) derived
from peptidoglycan of both Gram positive and Grasgative bacteria, whereas NOD1 detect the tri-
DAP (L-alanine —y-D-Glutamic acid —meso-diaminopimelic acid), a structure mainly found in
Gram-negative bacteria [3,4]. Essential roleN@D2 in intestinal mucosa immunity is highlighted
by the fact that mutations in the NOD2 gene ar@@agd with increased risk to develop Crohn’s
disease, an inflammatory disorder characterizedhognic inflammation of the gastrointestinal tract
[5,6,7].

Structurally, NOD1 and NOD2 are composed of mudtipeucine rich repeats (LRR) in the
carboxyterminus, which mediate the recognitionhairt respective ligand and of a central nucleotide
binding and oligomerization domain (NOD) that emabbligomerization upon activation. Finally, the
N-terminal region of NOD1 and NOD2 encompass ongvorcaspase recruitment domains (CARD),
respectively, and mediate the recruitment of domash effectors [8]. Upon activation by their ligand
NOD1 and NOD2 oligomerize and form an active platfocalled the NODosome, which recruits
downstream signaling proteins such as RIP2, a ethireonine and tyrosine kinase. RIP2
autophosphorylates and is K63-polyubiquitinated thg cellular inhibitors of apoptosis 1 and 2
(clAP1 and clAP2) [9], thereby recruiting NEMO (@lsalled IKKy, IkB kinasey) [10] and TAK1 —
TAB1/2/3 complex [9,11,12]. On one hand, TAK1 (T@Factivated kinase-1) activates MAPKs and,
on the other hand it phosphorylates Kk subunit of thexB kinase (IKK) complex composed of the
regulatory subunit NEMO and the two catalytic sutsutKKa and IKKB [13]. Activation of the IKK
complex leads to the phosphorylation of inhibiteB proteins, such axBa, that sequester the NF-
kB in the cytoplasm. Phosphorylation Bl proteins on serines 32 and 36 promotes theiepsatmal
degradation and results in release of ®;-which translocates into the nucleus where iulags

gene transcription [13].

IAP proteins (inhibitor of apoptosis) such as clABIAP2 and XIAP are an evolutionarily conserved
family of proteins first characterized as potergulator of programmed cell death in various species

ranging from insects to humans [14]. StructurallixP proteins possess several BIR domains



(baculovirus IAP repeats) that mediate bindingaspaises. Furthermore, in human, clAP1, clAP2 and
XIAP were identified as potent apoptosis suppresssirikingly, XIAP, clAP1 and clAP2 contain a
C-terminal RING domain that provides them with diquitin E3 ligase activity and are implicated in
other cellular signaling pathways than apoptosis,1&]. Among these, accumulating evidences
suggest an important role for XIAP in NdB activation. For instance, XIAP was shown to iatr
with TAB1 via its BIR1 domain. This activates the TAK1 complexdgromotes NRkB activation
[15,17,18]. Moreover, several recent studies hagalighted the role of XIAP in immune signaling
since XIAP was shown to interact with RIP2, therdhgilitating NOD2-induced NkB activation
[19]. Furthermore, XIAP-deficient mice are more e ible toListeria monocytogenes infection
compared to their WT littermates. These mice exfldramatic reduction of NkEB activation along
with a decrease of proinflammatory cytokines praiducin response tbisteria infection [20]. These

results strongly suggest an important role for XiIABmmune pathways.

SHIP-1 is an SH2-containing inositol 5’-phosphatg@sincipally expressed by hematopoietic cells.
SHIP-1 hydrolyses phosphatidylinositol triphosphatPl-3,4,5-P3 or PIP3) and generates
phosphatidylinositol biphosphate (PI-3,4-P2), thgrantagonizing PI3K signalization pathway and
downmodulating cell proliferation, differentiati@nd survival [21,22,23]. SHIP-1 is composed of 3
domains: a central catalytic domain surrounded t8H2 domain in the N-terminal part, and by a
proline rich domain (PRD) and two phosphorylables$ynes in the carboxyterminus. SH2 and PRD
domains mediate interactions with other proteinsictv dictate SHIP-1 biological functions. SHIP-1
is well characterized as a negative regulator ahime pathways (reviewed in [24]). Indeed, SHIP-1
decreases activation of the B cell receptor (BCRY &cyRIIB engagement in B cells [25,26,27,28],
it downregulates CD16-mediated cytotoxicity in NKlls [29,30] and degranulation of mast cells
[31,32,33]. Strikingly, SHIP-1 is also implicated downmodulation of TLR signaling. SHIP-1 KO
macrophages exhibit an increased cytokines prastudti response to TLR4 triggering [34] and
produce more interferoff (IFNB) in response to TLR3 activation than their WT deupart [35].
Altogether, these data show that SHIP-1 plays apoitant role in regulating TLRs pathway.
Considering that TLR and NLR are related recepsbiaring signaling components, we hypothesized
that SHIP-1 could also downmodulate NLR activapiathways.

Here, we demonstrated that SHIP-1 is a negativalasgy of NOD1 and NOD2-induced N&B
activation. Indeed, we observed that the deplatfo®HIP-1 specifically increases NOD1 and NOD2-
dependent NRkB activity. We demonstrated that the inhibitory aaity of SHIP-1 is not linked to its
catalytic activity but relies on its PRD domain.ygast two-hybrid screen revealed that SHIP-1 PRD
region interacts with XIAP, which was recently désed as intermediate in NOD2 pathway [9,19]. In
this study, we further confirmed that XIAP is edsmnto activate NReB in the course of NOD2
signaling and we also highlighted the crucial miieXIAP in NOD1 signaling since XIAP depletion in



macrophages is associated with a dramatic decfaliE«B activation after NOD1 engagement.
Mechanistically, we observed that, after NOD2 aton, SHIP-1 interacts with XIAP and disturbs
the association of XIAP with RIP2, thereby decregdNF«B activation. Altogether, these results
highlight a new negative regulator role for SHIEtring NOD1 and NOD2 signaling mediated by its
interaction with XIAP.

RESULTS

SHIP-1 downregulates NOD2-induced NkB activation

SHIP-1 is mainly expressed by hematopoietic celiene negative regulation of immune pathways by
SHIP-1 is commonly described [25,26,28,30,36]. iRstance, in macrophages, SHIP-1 decreases the
activation of TLR3 and TLR4, two members of the PRily [34,35]. We assumed that SHIP-1
could also downregulate other PRRs, such as NLRss&uently, we investigated the impact of
SHIP-1 on NOD2 signaling pathway. We first used hanembryonic kidney cells,e. HEK293T
cells, which express neither SHIP-1 nor NOD2 ane@meha strong NikB activity can be observed
following NOD2 overexpression [11]. We monitoredNB activity by luciferase gene reporter assay
in HEK293T cells overexpressing NOD2 along withwagthout increasing amounts of SHIP-1. We
observed that overexpression of SHIP-1 decreaseB2N@duced NF<B activation in a dose-
dependent manner (Fig 1A). Interestingly, we did olsserve any impact of SHIP-1 expression on
TNF-a-mediated NFeB activation, thereby showing that SHIP-1 is ngfemeral NF<B inhibitor but
seems to be specific of the NOD2 pathway.

To better characterize the negative regulator obl8HIP-1 on the NOD2 pathway, we used HEK293
cells stably expressing a NOD2 transgene, called/ @Hlls. These cells do not express SHIP-1
endogenously and are responsive to muramyl dipeghitDP), the natural ligand of NOD2 (Lecat et
al., in prep.). These cells were transfected witimaasing amounts of SHIP-1 or with an empty vector
treated with MDP and the N&B activation was subsequently measured by luciéeraporter gene
assay (Fig 1B). We observed that, in SHIP-1 exgimgscells, the NRkeB activity induced by MDP is
dramatically reduced compared to empty vector-temmed cells. Furthermore, SHIP-1 decreases
MDP-induced NF¢B activity in a dose-dependent manner. We alsouetedl NOD2-induced NkB
activation by analysing the transcription levelile8, an NFxB-dependent gene induced by NOD2
activation [11]. We observed that GNV cells expregsSHIP-1 exhibit a dramatic reduction b8
transcription in response to MDP treatment (Fig.1&)ain, no effect of SHIP-1 was observed on
TNF-o-induced il-8 transcription, thereby confirming the specificity 8HIP-1 for the NOD2
pathway. We next monitored the phosphorylation ©Bal on serine 32 and 36, which are
phosphorylated by the IKK complex during IB-activation. We observed that SHIP-1-expressing
cells exhibit a decreased@Ba phosphorylation upon MDP treatment compared to tgmpctor-

transfected cells (Fig 1D).



To complement the results obtained in overexprassiperiments, we selected a human monocytic
cell line,i.e. THP1 cells. These immune cells express endogenbogh SHIP-1 and NOD2. In some
experiments, we also used the THP1-Xblue cellss&hEHP1 cells are stably transfected with a
reporter construct expressing the secreted emhrydkaline phosphatase (SEAP) under the control of
an NF«xB-dependent promoter. This reporter protein is ifgadeasurable in the culture supernatant
by colorimetric assay. First, we downmodulated SHIExpression by siRNA in THP1-Xblue cells.
As a control, cells were transfected with a nogearsiRNA (Fig 2A). We observed that SHIP-1-
silenced THP1-Xblue cells exhibit an increased kiFactivation after MDP exposure (Fig 2B). In
addition, we also monitored NEB activation by analysing the transcription levels NF«B-
dependent genesil-8, a chemokine, and of-6 andtnf-a, two proinflammatory cytokines, whose
transcription is induced upon NOD2 stimulation. \Wleserved thatl-8, il-6 and TNF-a mRNA
transcription greatly increases in SHIP-1-silenaedls stimulated with MDP compared to the
siCTRL-transfected cells (Fig 2C, 2D, 2E). Of nate confirmed that silencing of SHIP-1 does not
affect TNF-R signaling as we observed no differeotd-8, il-6 and TNF-a mRNA levels between
SHIP-1-silenced cells and control cells (Fig 2B, 2E). We next verified that this increased genes
transcription correlates with an increased protelease by analysing the IL-8 secretion in the
extracellular medium. We observed an enhanced $e@etion in SHIP-1-silenced cells stimulated
with MDP (Fig 2F). Finally, we also generated THE&lls stably expressing a shRNA targeting SHIP-
1 in order to study the effect of SHIP-1 on earfismps of NOD2-mediated NEB activation such as
IKKB and kBa phosphorylation, a hallmark of activation of tH&I complex. As a control, cells
were transduced with a non-target ShRNA. We obsetivat silencing of SHIP-1 leads to a transient
increased phosphorylation of IKKwhich likely translates an enhanced activity feg tKK complex
when SHIP-1 is depleted (Fig 2G). Accordingly, wisoaobserved thatkBa phosphorylation is
increased in SHIP-1-silenced cells (Fig 2G).

Altogether, these data confirm that SHIP-1 decred$lexB activation upon NOD2 engagement in
THP1 cells.

SHIP-1 interacts with XIAP via association of itsHD domain with the BIR2 domain of XIAP

In order to understand how SHIP-1 downregulates R@I[@naling pathway, we performed a yeast
two-hybrid (Y2H) screen to identify new interactipartners of SHIP-1. As a bait, we used either full
length or truncated versions of SHIP-1 (one coirtgithe SH2 domain and the other encompassing
the PRD region), whereas the prey was constitutettheo hORFeome 5.1 [37]. This Y2H screen
enables the identification of two well known SHIPiriteracting proteinsi.e. CIN85 and DAB1
[38,39]. The screen identified XIAP as interactwgh the PRD domain of SHIP-1. Interestingly,
XIAP is a member of the IAP family that has beecerdly identified as an intermediate of NOD2
signaling [19]



We first confirmed the Y2H results by systematicakrifying all interaction candidates. To this end
we used haploid yeast cells of opposite mating ,ty@aeh expressing either the different SHIP-1
constructs or the identified interactants. Thegadiad yeasts were mated according to the intergctin
pairs identified in the original screen and werstad for reproducible Y2H phenotypes in order to
verify reporter gene activation. This experimeribws us to confirm the interaction of the PRD
domain of SHIP-1 with XIAP (data not shown)

To further validate the Y2H experiment, we carriedt coimmunoprecipation experiments in
HEK293T cells transfected with a SHIP-1 encodingteealong with an YFP-XIAP construct or with
YFP alone. The YFP proteins were immunoprecipitatith a GFP antibody that crossreacted with
the YFP protein. We observed that SHIP-1 coimmuecipitates with YFP-XIAP but not with YFP
protein (Fig 3A). Since we have identified the PB@main of SHIP-1 as the interacting region with
XIAP in the Y2H screen, we constructed a truncatexsion of SHIP-1 that only contains this PRD
region fused to the HA tag (called HA-PRD) andddsits interaction with XIAP. As expected, we
observed a coimmunoprecipitation of this HA-PRD amtitwith the YFP-XIAP construct whereas no
interaction between HA-PRD and the YFP protein alaserved (Fig 3B). Finally, we also generated a
truncation mutant of SHIP-1 lacking the PRD domand fused to a Myc tag, called M&RD.
Interestingly, we failed to observe any interacti@tween thij\PRD mutant and XIAP (Fig 3C).

To better define the interaction between XIAP &tdIP-1, we also performed a GST pull down
experiment using GST-XIAP constructs encoding eittie full length protein (FL) or truncated
versions of XIAP (Fig 3D). HEK293T cells transfatteith the HA-PRD construct described above
were lysed and incubated with the recombinant G8Bkzucts immobilized on glutathione-sepharose
beads. We observed a pull down of HA-PRD with tH&T&IAP FL but also with the GST- BIR2
construct (Fig 3E). As a control, we monitored ithteraction between the GST-BIR2 and the cleaved
caspase-3 (Fig 3F), since interaction between Bl&Bain of XIAP and cleaved caspase-3 has been
extensively described [40,41,42].

In conclusion, these results indicate that SHIFRDRegion interacts with the BIR2 domain of XIAP.

XIAP is an essential and specific intermediate dogi NOD2-induced NFxB activation in
macrophages

Recently, XIAP has been reported to play a key mol&lOD2 signaling at least in epithelial cells.
First, XIAP was shown to interact with the RIP2 -OD2 complex [19]. Considering that XIAP
interacts also with the TAK1 — TAB1/2 complex via BIR1 domain [15,17], it is speculated that
XIAP acts as a scaffold protein enabling the raorant of TAK1 — TAB1/2 complex to the NOD2 —
RIP2 complex in order to induce the proper IKK céempactivation [19]. In this regard, XIAP-
deficient epithelial cells are unable to activate-®B and to inducél-8 gene transcription upon MDP
stimulation [19]. Furthermore, bone marrow-derivadcrophages (BMDMs) from XIAP KO mice

exhibit a decrease of IL-6 production in resporsd/IDP treatment [20]. Altogether, these reports



suggest that XIAP is necessary to activatedBFduring NOD2 signaling. As we used the human
monocytic cells THP1, we verified whether XIAP is@essential for NOD2 signaling in our cellular
model by downmodulating XIAP expression in THP1-Xlcells (Fig 4A) and subsequently
measuring NReB activation. As a control, cells were transfecteith a non-targeting siRNA. We
observed that the depletion of XIAP in macrophdgads to a dramatic decrease of NB-activation
after MDP exposure (Fig 4B). Moreover, MDP-induck8, il-6 and tnf-a transcription was greatly
reduced in XIAP-silenced macrophages (Fig 4C, 4B). ©f note, we observed that silencing of
XIAP did not affect TNF-R signaling (Fig 4B, 4C, 4BE), since no difference between siCTRL- and
siXIAP-transfected cells could be observed botltatorimetric assay and in quantitative real-time
PCR, indicating that XIAP is not required for TNFsRynaling. These results are in accordance with
previous data obtained in epithelial cells [19] drighlight the crucial and specific role of XIAP

during NOD2 signaling in our cell model.

SHIP-1 interacts with XIAP during NOD?2 stimulationn macrophages

As SHIP-1 was shown to interact with XIAP, and hessaboth proteins are implicated in NOD2
signaling, we tried to observe an endogenous comamiecipitation between SHIP-1 and XIAP in
THP-1 monocytic cells in the course of NOD2 sigmgliWe performed a kinetic of treatment with
MDP and subsequently immunoprecipitated XIAP. Istimulated cells, we failed to observe any
coimmunoprecipitation between SHIP-1 and XIAP. Heere two hours after MDP stimulation, we
detected SHIP-1 in XIAP immunoprecipitate (Fig Sjrikingly, this interaction takes place when the
phosphorylation of WBa decreases, indicating that SHIP-1 and XIAP interdaring the
downmodulation phase of NEB signhaling. Strikingly, XIAP seems to be modified degraded at
longer time point during MDP treatment (Fig 5).

SHIP-1 PRD region is necessary and sufficient tocdease NOD2-induced NiB activity

Because we observed that the PRD domain of SHiRetaicts with XIAP, we wondered whether this
domain of SHIP-1 is required to inhibit NOD2-inddc&lF«B signaling. Therefore, we used 3
constructs: the SHIP-1 full length protein (SHIRAMT), the HA-PRD construct and the MyRRD
deletion mutant (Fig 6A)We verified that the three proteins were propedgressed in HEK293T
cells(Fig 6B). To compare inhibitory properties of thésee SHIP-1 proteins on NOD2-induced NF-
kB signaling, we monitoredl-8 mRNA levels in GNV cells following overexpressiori each
construct and MDP treatment. We observed that GBS @xpressing either SHIP-1 or the isolated
PRD domain exhibit decreas#eB gene transcription in response to MDP treatmentolntrast, cells
expressing the Mya&PRD deletion construct exhibit simildr8 mMRNA levels than cells transfected
with an empty vector (Fig 6C). These results ingidhat the SHIP-1 PRD domain, which mediates
the interaction with XIAP, is essential to decre&d@D2-induced NReB activation. In addition,

enzymatic activity of SHIP-1 is not involved in NdB- inhibition since the HA-PRD construct, which



lacks the entire catalytic domain, is sufficientreluce the MDP-induced NEB activity. These
observations sustain our hypothesis that SHIP-iitshthe NOD2 pathway by interacting with XIAP
via its PRD domain. We assume that SHIP-1 should masbimehow XIAP functions to decrease
NOD?2 activation.

SHIP-1 decreases NOD1-induced N#B activation

Considering the close proximity between NOD1 andD2C0signaling pathways, we wondered
whether SHIP-1 could also decrease NOD1-inducedkBlfctivation. Therefore, we transfected the
THP1-Xblue cells with a siRNA targeting SHIP-1. \@ralysed the NkB activity by colorimetric
assay after exposure to Tri-DAP, the natural ligahtlOD1 [4]. We observed that SHIP-1-depleted
cells exhibit an increased N&B activation in response to Tri-DAP stimulation,aely as it was
shown upon MDP treatment (Fig 7A). We confirmed MExB inhibitory capacity of SHIP-1 by
analysingil-8, il-6 andtnf-a mMRNA levels upon NOD1 activation. We observed tinatscription of
these three genes was increased in SHIP-1-silenelisl after Tri-DAP exposure (Fig 7B and
supplemental data S1).

As we had observed that SHIP-1 interacts with XidARing NOD2 stimulation, we further checked
whether SHIP-1 also associates with XIAP in therseuof NOD1 signaling. Interestingly, an
endogenous interaction between XIAP and SHIP-1Iss detected in Tri-DAP stimulated cells,
whereas no interaction is detected in resting ¢€lig 7C). Again, this interaction takes place when
the phosphorylation ofkBoa decreases, indicating that SHIP-1 and XIAP interdaring the
downmodulation phase of NEB signaling. Strikingly, we also observed that XIABems to be
modified or degraded at longer time point durin@? treatment.

We next assayed the role of XIAP in NOD1 signaliAg.we and others have observed that XIAP is
an essential intermediate of NOD2 signaling, we desad whether XIAP is also required for NOD1
signaling. Therefore, we silenced XIAP by siRNATIHP1 cells. We subsequently analysk#, il-6
andtnf-a transcription levels. We observed that the trapson of these three genes in response to
NODL1 activation is dramatically reduced in XIAPesited cells compared to siCTRL-transfected
cells (Fig7D and supplemental data S2). Thesetsewald us to conclude that, firstly, SHIP-1 ias
downmodulator of NOD1-induced NEB activation. Secondly, we demonstrated that XIAP i
required for the proper NEB activation in the course of NOD1 signaling, ekacis for NOD2
signaling. Finally, we demonstrated that SHIP-Io afgeract with XIAP after tri-DAP stimulation
thereby supporting the hypothesis that SHIP-1 fates somehow with XIAP to decrease both NOD1
and NOD?2 signaling.



SHIP-1 decreases XIAP and RIP2 interaction, thereimibiting NF- kB

In long-time stimulated cells, either with MDP on-DAP, we have observed by western blotting an
apparent decrease of XIAP and SHIP-1 protein cor(féig 5, Fig 7C). As the NODosome is well
characterized to signal from the plasma membraBeddd because proteins implicated in NOD1 and
NOD2 signaling are recruited at the bacterial erditg [44], we wondered whether the apparent
decrease of SHIP-1 and XIAP protein amount wastduge potential relocalization of the proteins to
the membrane compartment, which is not correctiytslised in our protein extraction. To determine
whether NOD2 activation affects the localization 8HIP-1 and XIAP, we performed cell
fractionation in order to isolate cytoplasmic, meante and nuclear extracts. We observed that in
unstimulated cells, SHIP-1, XIAP and RIP2 are foimthe cytoplasmic extracts (Fig 8A). However,
upon stimulation with MDP, we observed that XIAR{IB-1 and RIP2 gradually decrease in the
cytoplasmic extracts, whereas they accumulate@nriembrane fractions. The purity of the different
fractiors was verified by analysing the localisation of plOt strictly cytosolic precursor of p52, of
Calnexin, a type | membrane protein and of theohistH2B, a nuclear-restricted protein (Fig 8A).
Subsequently, we verified that this protein delsedion was due to NOD2 activation and does not
rely on the entry of small peptides into the cElierefore, we used an inactive isomer of MDP, dalle
D-D-MDP, where the L-alanine is substituted by alBrine. The resulting peptide fails to activate
NOD2. Strikingly, RIP2 and XIAP failed to relocadizo the membrane compartment in cells treated
with this inactive MDP isomer, whereas both pratedme recruited to the membrane fraction in cells
treated with MDP (Fig 8B). This result demonstratteat RIP2 and XIAP are specifically recruited at
the membrane during NOD2 activation.

We next wondered whether SHIP-1 affects the reipatibn of RIP2 or XIAP. Therefore, we used the
SHIP-1-silenced THP1 cells. We observed that in FSHdepleted cells, XIAP translocates in a
greater quantity in the membrane fraction, wheteadranslocation of RIP2 is not affected by SHIP-1
silencing (Fig 8C).

Recently, RIP2 has been described to interact MliP via its BIR2 domain [19]. This interaction is
considered to facilitate TAK1 recruitment, theredigcelerating IKK complex activation. Since we
have demonstrated that SHIP-1 interacts also WwighBIR2 domain of XIAP, we hypothesized that
SHIP-1 could alter the interaction between XIAP &1&2, thereby downmodulating NOD2-induced
NF-xB activation. We immunoprecipitated RIP2 and aredyXIAP coimmunoprecipitation. We
observed that in control cells (ShCTRL), an intécac between XIAP and RIP2 could only be
detected after treatment with MDP. Strikingly, iHIB-1-silenced cells, we observed that the
interaction between XIAP and RIP2 is already detalet in unstimulated, and further increase in
MDP-stimulated conditions to reach higher leventin shCTRL cells.

Altogether these results point out that SHIP-1 rietes with the XIAP and RIP2 interaction.
Moreover, SHIP-1 also decreases the recruitmeiAP to the membrane compartment upon MDP

stimulation.
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DISCUSSION

NOD1 and NOD2 are crucial sensors of bacterialsiormand critical regulators of immune response.
Moreover, mutations in NOD2 gene are associatet witreased risks of Crohn’s disease (CD)
development. In this study, we have identified SHIBs a new downmodulator of both NOD1 and
NOD2 pathways, at least in monocytic cells. SHIRds already characterized as an inhibitor of
TLR4 and TLR3 pathways. Interestingly, its inhilbjtaapacities in TLR pathways are most probably
linked to its catalytic activity. At the oppositee have demonstrated that, in NOD2 pathway, SHIP-1
decreases NEKB activation by a mechanism that does not invotgecatalytic properties but rather
relies on its PRD domain. We demonstrated that SHifteracts with XIAP and disturbs both the
membrane recruitment of XIAP and its interactionhwRIP2 thereby downmodulating NOD1- and
NOD2-induced NFe¢B activation.

Considering the role of SHIP-1 in NOD2 signalinghas been recently demonstrated that SHIP-1-
deficient mice develop a Crohn’s disease (CD) likéis [45]. SHIP-1 KO mice exhibit intestinal
injuries closely related to lesions observed in @&tients. On one hand, inflammation of the
gastrointestinal tract of SHIP-1 KO mice is resattto the ileum, a zone particularly affected iD.C
On the other hand, SHIP=ice exhibit ulcers infiltrated by neutrophils,dkéning of the bowel wall
and collagen fibrosis which are some of the halkwaf CD [45,46]. How NOD2 mutations prime
development of CD is still under debate. The curfgmothesis is that NOD2 mutations associated
with development of CD result in a loss of functimhNOD2. Indeed, NOD2 variants were shown to
loose their ability to induce correct NdB activation and cytokines production in respomsbédcterial
infection [7,47,48]. In our model, SHIP-1 downmaatals NOD2 pathway and therefore loss of SHIP-
1 expression would be expected to decrease susitigptio CD, howeverin vivo the opposite is
observed. Nevertheless, we cannot exclude thagdetéon of NOD2 pathway either by loss or gain
of function could increase risk of CD developmdmss of SHIP-1 should result in an extended
activation of NOD2 signaling and increased inflartiota Besides, CD is characterised by chronic
inflammation of the intestinal tract and both NLRJarLR signaling pathways are implicated in the
disease development. As SHIP-1 is a downmodulatdsoth NLR and TLR pathways, it is not
surprising that SHIP-1 KO mice exhibited such aitig.

Previous studies demonstrate that XIAP is implidateinnate immune response. For instance, it has
been observed that XIAP is essential to induceopgarNFi«B activation in macrophages in response
to Chlamydophila pneumoniae infection, a Gram negative invasive bacterium [49kewise, XIAP

KO mice are more sensitive tasteria monocytogenes infection. Moreover, XIAP-deficient cells are

unable to activate NkB and to inducel-8 gene transcription upon MDP stimulation [19]. Fipal
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BMDMs from XIAP KO mice exhibit a decrease of ILpgsoduction in response to MDP treatment
[20]. According to these studies, we have confirrtied XIAP is required to properly activate MB-
during NOD2 signaling (Fig 3B, 3C). Moreover, wevhademonstrated that XIAP is an essential
intermediate in NODZ1 signaling as well (Fig 7D). dhenistically, we observed that SHIP-1 interacts
with XIAP in the course of both NOD1 and NOD2 silyng, thereby disturbing the interaction
between XIAP and RIP2 (Fig 5, 7C, 8D) and decrepblR«B activation (Fig 2F). As we observed
that in SHIP-1-depleted cells, the interaction kestv XIAP and RIP2 increases, we speculated that
SHIP-1 alters the interaction of XIAP to RIP2. Reftg it was demonstrated that XIAP interact with
RIP2via its BIR2 domain [19]. Strikingly, in our pull dowexperiment, we established that the PRD
domain of SHIP-1 interacts with the BIR2 domainXdAP. As both SHIP-1 and RIP2 interact with
the same domain of XIAP, it is tempting to speaul#itat, in the course of NOD2 and NOD1
signaling, SHIP-1 competes with RIP2 for the bigdin XIAP. Actually, we do not know why the
interaction between SHIP-1 and XIAP is only detdaipon NOD1 and NOD2 activation. Do MDP or
Tri-DAP treatments induce a posttranslational aoaformational modification of XIAP that enables

its interaction with SHIP-1 oris-versa?

Strikingly, we observed that upon treatment with RIDSHIP-1 and XIAP are recruited to the
membrane fraction. Indeed, it was previously dégdrithat the NODsome forms and signals from the
plasma membrane [43,44,50]. This membrane locdtiocrucial. Hence, it was demonstrated that
mutated forms of NOD1 and NOD2, which failed tovaate NFxB, also failed to locate at the plasma
membrane [44,50,51]. Thenceforward, it is specdldatet plasma membrane location reflects the
activation status of NOD2 and NOD1 proteins [S(furthermore, oligomerized NOD1 or NOD2
proteins constituted a platform enabling the reéorent of RIP2 and other adaptor molecules to the
plasma membrane, thereby triggering RE--signaling. Indeed, enforced membrane localizabbn
RIP2 is sufficient to induce NEB activation, showing that the optimal RIP2 activitlies on its
subcellular location [43]. Wherefore, the transtama of XIAP to the membrane fraction was not
surprising, since several components of the NODesare recruited in this subcellular fraction. The
recruitment of SHIP-1 to the plasma membrane duN@P2 stimulation reinforces our hypothesis
about the role of SHIP-1 in NOD2 signaling. Intéirggy, SHIP-1 is known to be recruited to the
plasma membranéa its PRD domain. Indeed, SHIRAPRD protein is unable to locate at the plasma
membrane [52,53]. Strikingly, it seems that SHIEekreases the membrane recruitment of XIAP
upon MDP stimulation. As SHIP-1 also downregulétes interaction between XIAP and RIP2, we
suggest the following model to explain our obseorest after NOD2 engagement, XIAP is recruited
to the plasma membranga its interaction with RIP2. As XIAP was reported itderact with the
TAK1/TAB1/2 complex, this interaction facilitatebe IKK complex activation and thereby the NF-
kB signaling. After long-time exposure to MDP (24hb), SHIP-1 interacts with XIAP. As SHIP-1
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interacts also with the BIR2 domain of XIAP, it pliaces XIAP from its interaction with RIP2.
Thenceforward, XIAP is removed into the cytosolcéingly, the IKK activation decreases, leading

to a decreased cytokines secretion.

In this report, we have demonstrated for the firsie that SHIP-1 is a negative regulator of both
NOD1 and NOD2 signaling pathway. We have highlightieat SHIP-1 exerts its inhibitory capacity
by interacting with XIAP, thereby altering its indetion with RIP2 and decreasing MB-activation.

Understanding precise mechanism of NOD1 and NOQlation by SHIP-1 would help to develop

new therapeutics in the field of inflammatory dibens.

MATERIALSAND METHODS

Cell lines and culture

Human embryonic kidney-293T cell line (HEK-293T rpliased form the ATTC) and GNV cells (see
stable cell lines section) were cultured in DullmsdVodified Eagle's medium (Lonza, Belgium)
supplemented with 10% fetal bovine serum, 1% glutantGibco®, Invitrogen) and 1% antibiotics
(streptomycin and penicillin). For GNV cells mediusnsupplemented with blasticidin S at 15 pg/mL
(Invitrogen). Monocytic cell line THP1 (purchastdm the ATCC), THP1-Xblue (purchased form
InvivoGen) and THP1 stably expressing shRNA (sablstcell lines section) were cultured in RPMI
medium (Lonza, Belgium) supplemented with 10% fdialkine serum, 1% glutamine (Gibco®,
Invitrogen) and 1% antibiotics (streptomycin anchipi#lin). THP1-Xblue cells are selected by
treatment with zeocin at 200 pg/mL (Invitrogen)le8don of THP1 cells expressing shCTRL and
shSHIP-1 was made by culturing cells with puromyatid pg/mL (Sigma-Aldrich).

Stable cell lines

GNV cells were obtained by stable lentiviral tramsiibn of HEK293 cells (purchase from ATTC,
catalog number CRL-1573) with a GFP-NOD2-V5 condtr{see plasmids section). The lentiviral
particles were generated by transducing Lenti-X™T28ells (Clontech) with a pSPAX2 (Addgene)
and a VSV-G encoding vector (Addgene) along witBRP-NOD2-V5 encoding plasmid. 24h post
transfection, viral supernatants were ultracergefii at 50,000 g for 2 h at 4 °C. The pellet was
resuspended in 25 pL of PBS medium (Lonza, Belgiang incubated over night at 4°C. The next
day, viral concentration was determined and HEK288e transduced with an MOI of 10. Selection
of transduced cell was achieved by adding blasticlat 15ug/mL (InvivoGen) to the cell culture
medium. The transduced HEK293 cells expressing ®ANMtermediate level and allowing a MDP
inducible NF«xB activation were isolated by fluorescence-actigatell sorting and called GNV cells
for HEK293 cells stably expressing=8-NOD2-V5. THP1-Xblue cells (generated by InvivoGen —
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catalog code thpx-sp) were a kind gift from Thonkager (Institute for Medical Microbiology,
Immunology and Hygiene, University of Cologne, Gpile, Germany). THP1 expressing shCTRL and
shSHIP-1 were generated via lentiviral transductiby the GIGA-viral vector platform). The
lentiviral particles were generated by transdudiegti-X™ 293T cells (Clontech) with a pSPAX2
(Addgene), a pCG-H_24 [54], and a pCG-F_30 encodatgors [54] along with a non-target shRNA
control (Sigma-Aldrich) or a human SHIP-1 shRNA d8a-Aldrich, sequence: 5'-
CCGGAATTGCGTTTACACTTACAGCTCGAGCTGTAAGTGTAAACGCAATTCATTTTG-3)
encoding vectors, respectively. 48h post trangfactviral supernatants were ultracentrifuged at
50,000 xg for 2 h at 4 °C. The pellet was resuspended in 10®f GMP Serum-free Stem Cell
Growth Medium (CellGro), viral concentration wastatenined and THP-1 cells (purchased from
ATCC, catalog number TIB-202) were transduced withMOI of 10. Selection of transduced cells

was achieved by adding puromycin (3 pug/mL) to thiéaulture medium.

Antibodies and reagents

Muramyl dipeptide and phorbol 12-myristate 13-ate({@MA) were purchased from Sigma-Aldrich
and tumor necrosis factar{TNF- a, #300-01A) was obtained from PeproTech EC (UK):DAP
and D-D-MDP (MDP control) were purchased from lm@en. Anti-SHIP-1 (P1C1), anti-RIP2
(H300) and anti-NR<B p100/p52 was from Santa Cruz, Anti-XIAP was fr&D® Transduction
Laboratories, anti-GFP was from Roche, anti-Calmewias from Abcam, anti-HA from Sigma-

Aldrich, anti-p-kBa Ser32/36, anti-myc and anti-p-Ivere from Cell Signaling.

Plasmids

pcDNA 3.1 Myc-SHIP-1 was generated by subclonindPsH coding sequence into pcDNA3.1 using
the pcDNA"3.1 Directional TOP® Expression Kit (Invitrogen). Gateway expressingtee HA-PRD
and MycAPRD were generated by subcloning the correspon&H{P-1 coding sequence into
pDONR233 via BP clonase reaction and subsequeardféd into pDest475 or pCS3MTdest via a LR
clonase reaction (Invitrogen). Gateway expressiagtar YFP-XIAP was generated by transferring
XIAP coding sequence from pDONR223 XIAP (ORFeomg) Snto pDest491 via LR clonase
reaction. pDest491, pDest475 and pDONR223 weraddiit from Jean-Claude Twizere (Laboratory
of Protein Signaling and Interactions (PSl), GIGAiRege, Belgium). pCS3MTdest was a kind gift
from Josef Martial (Molecular biology and genetiogmeering unit, GIGA-R, Liége, Belgium).
pcDNA FLAG-XIAP was a kind gift from Sylvain Latotaboratoire du Développement Normal et
Pathologique du Systeme Immunitaire, Inserm U7@8isp Expression plasmids encoding wild-type
NOD2 and HA-tagged were a kind gift from G. Nuné&niyersity of Michigan, Medical School &
Comprehensive Cancer Center, Ann Harbor, MI). GFEIDIR was generated by PCR using the GFP
Fusion TOP® TA expression kit (Invitrogen) from HA-NOD?2.
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Yeast two-hybrid screen

pDB-SHIP-1, pDB-SH2 and pBD-PRD vectors encodingf’SH WT, SH2 domain, or PRD domain,
respectively, were cloned into GateWppEST™ 32 (Invitrogen) by LR clonase reaction (tragen)
and transformed int8accharomyces cerevisiae Y8930 strain [37]. The human hORFeome 5.1 cloned
into the Gatewa§pDEST™ 22 (Invitrogen) and fused to the Gal4 adiivadomain was provided
into Saccharomyces cerevisae Y8800 strain [37]. After mating of the two yeastrams,
cotransformants were plated on media lacking tpypém, leucine and histidine (for detection of weak
interaction) and on media lacking tryptophan, leacnd adenine (for detection of strong interagtion
three days later, growing colonies, scored as ipesfor interaction, were isolated; the interested
genes were amplified by PCR and identified by sequng. Y2H retesting was achieved by pair-wise
mating between pDB-SHIP-1 WT, pDB-SH2 and pDB-PRbBhvisolated pAD-interaction partner
candidate. The cotransformants were selected omanteeking tryptophan, leucine and histidine and

on media lacking tryptophan, leucine and adenihe. growing colonies were identified.

Protein Extraction

Cells were washed with cold PBS, scraped and ¢egél. The cells were lysed in XIAP lysis buffer

(20 mM Tris-HCI pH 7.5, 135 mM NaCl, 1 mM EDTA, @%6NP-40 and 10% glycerol), incubated 10

min on ice and centrifuged 15 min at 14,000 at 4 °C. Protein concentrations were measureld wit
the Bio-Rad protein assay, the extracts were sulesgly subjected to SDS-PAGE, transferred onto
PVDF membrane and incubated with various antiboalsespecifically indicated.

Cellular fractionation

Cells were harvested, lysed in a cytosolic lysidsu(10mM Tris-HCI pH 7.9, 0.34M sucrose, 3mM
CaCl, 0,21mM EDTA, 2mM MgCHCOO, 0.5% NP40), incubated on iced for 15 min astrdfuged

at 100 xg for 10min at 4°C. The pellet was washed two timé whe cytosolic lysis buffer before
being homogenized in the nuclear lysis buffer (10mnNs-HCI ph7.9, 50mM NaCl, 5mM Mggl
5mM EDTA, 5% glycerol, 0,1% NP40, 0,1% Triton X-1@hd 0,1% Tween 20). This fraction
constituted the nuclear extract. The supernatatiteofirst centrifugation at 100 was subsequently
ultracentrifuged at 35 000 gtfor 30min. The supernatant was again ultracentaified at 100 000 g

for 1h. The supernatant of these second ultraceyatifon was harvested and constituted the cytosolic
fraction. The pellet of the first ultracentrifugatti at 35 000 xy was washed two times with the
cytosolic buffer before being homogenized in thigosolic buffer. This extract constituted the
membrane fraction. Equal among of each fractiomo&glic, membrane and nuclear) were subjected
to SDS-PAGE.
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Immunoprecipitation

For immunoprecipitation (IP), cells were lysed itAR lysis buffer (20 mM Tris-HCI pH 7.5, 135
mM NaCl, 1 mM EDTA, 0.5% NP-40 and 10% glycerol)affied lysates were incubated with 4ug
of anti-GFP (Sigma-Aldrich) or 5ug of anti-SHIP-Bapta Cruz) or 4pg of anti-XIAP (BD
Transduction Laboratories) for 2 h at 4 °C. 30 [{lAeagarose beads (Thermo-Fisher) were added to
the mix. After 2 h of incubation beads-linked immneucomplex were washed three times with XIAP
lysis buffer, boiled in TR buffer 2X (10 mM Tris-H@H 6.8, 1% SDS, 25% glycerol, 0.1mp
mercaptoethanol, 0.003% bromophenol blue) and aedlypy SDS-PAGE. In order to avoid cross
reaction with the heavy chain of antibody usedfmmunoprecipitation, XIAP and HA-PRD construct
were detected with an anti-light chain specific HRRed secondary antibody from Jackson
Immunoresearch Europe Ltd. RIP2 immunoprecipitatieere performed according to the same
protocol except for the lysis buffer which cont&BS to solubilise membrane fraction (10mM Hepes-
KOH pH 8, 150mM NacCl, 1% NP-40, 0,1% SDS, 0,5% soddeoxycholate).

SiRNA transfection

THP1-Xblue cells were differentiated in macrophafgstreatment with 12.5 ng of PMA (Sigma-
Aldrich) for 48 h. The cells were subsequently sfanted with 0.5 uM of a siRNA targeting SHIP-1
(sequence5-GCUAAGUGCUUUACGAACA-3, see ref[36]) or XIAP (QIAGEN) or a non-target
siRNA (Ambion) using HiPerfect transfection reagé@AGEN). 48 h post transfection the cells
were treated with MDP or Tri-DAP during 16 h befdiee colorimetric enzyme assay with the
QuantiBlue™ (Invitrogen) or during 8h before thel&R assay (Pierce) . Alternatively, for protein
and RNA extractions, the cells were treated, 4&#$t fransfection, for indicated periods with MDP
(200 pg/mL).

GST-pull down assay

GST-XIAP WT, -BIR1, -BIR2, -BIR3 and -BIR3-UBA wer kind gift of Dr. Sylvain Latour (Inserm
U768, Paris). Bacterially expressed GST-XIAP faspotein were purified on glutathione agarose
beads and stored at —80 °C. HEK-293T were traresfesith pDest 475 HA-PRD or with the pcDNA
3.1 SHIP-1 WT. 24 h after transfection, cells wigszd in LB-glycerol buffer (50 mM Tris-HCI pH 8,
150 mM NacCl, 2 mM EDTA, 1% NP-40, 10% glycerol),07Qg of protein extract were precleared
with 200 pug of recombinant GST protein immobilizeal glutathione agarose beads for 1 h at 4 °C.
The precleared lysates were next incubated withdifierent recombinant GST-XIAP constructs (or
with GST alone as negative control) for 2 h at 4 TBe beads were then washed three times with LB
buffer and the pulled down proteins were elutechv®DS loading buffer and subjected to SDS-
PAGE. Positive control was achieved by incubatttgk293T lysate with cytochrome C (Sigma-
Aldrich, C-7752) and dATP (Invitrogen) for 30 mibh &7 °C to induce a cleavage of caspase-3. This
lysate was next precleared and subsequently inedlvath 200 pg of GST-BIR2 construct.
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Colorimetric enzyme assay with QuantiBlue™
20 pL of THP1-Xblue cell supernatant was mixed vd00 pL of QuantiBlue solution (InvivoGen)

and incubated at 37 °C for 2 h. Absorbance was unedst 630 nm.

IL-8 ELISA

THP1 cells were transfected with a siRNA target®gIP-1 as previously described. 48h after
transfection, cells were treated with MDP (100 ug/rduring 4h or 8h and cell supernatants were
harvested. IL-8 protein concentration was deterthiog IL-8 ELISA according to the manufactured

protocol (Pierce).

Luciferase assay

HEK293T or GNV cells were transfected with lipofaeine™2000 reagent (Invitrogen) with
indicated plasmid(s) (see figures) and a luciferesygorter plasmid under the control ofk8-
dependent promoter. GNV cells were treated for th 1 pg of MDP or left untreated. 36 h after
transfection cells were lysed and assayed fordug#fe activity with a Luciferase Reporter Gene yAssa
according to manufacturer protocol (Roche). kBedependent luciferase activity was normalized to

protein concentration measured by Bio-Rad protsgagp

Quantitative Real Time Reverse Transcription-PCR

Total RNA samples were isolated with the RNeasyQitAgen) according to manufacturer protocol.
1 pug of RNA was submitted to reverse transcriptiatih the moloney murine leukemia virus reverse
transcriptase (Invitrogen). cDNA obtained for eaamples were submitted to qRT-PCR using teh
SYBR green Master mix method (Eurogentec, LiégégiBm) in teh ABI 7000 Sequence Detection
System (Applied Biosystem). The results were noized|with thep-2-microglobulin transcript. The
primers used to analyze the different transcriptsewdesigned with the software Primer Express™
(Applied Biosystems):il-8, FW: 5-GAAGGAACCATCTCACTGTGTGTAA-3' and RV: 5'-
ATCAGGAAGGCTGCCAAGAG-3; il-6, FW: 5-CCAGGAGCCCAGCTATGAAC-3 and RV: 5'-
CCCAGGGAGAAGGCAACTG-3';tnf-a, FW: 5-GGAGAAGGGTGACCGACTCA-3 and RV: 5'-
TGCCCAGACTCGGCAAAG-3’; B2M, FW : 5-GAGTATGCCTGCCGTGTG-3' and RV: 5'-
AATCCAAATGCGGCATCT-3'.
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FIGURE LEGENDS

FIGURE 1. SHIP-1 decreases NOD2-induced NF-kB activation in epithelial cells.

A. HEK293T cells were transfected with plasmids eimmg a NF«kB luciferase reporter gene and
NOD2 along with increasing amounts of SHIP-1. Resitcontrol was achieved by treating cells
transfected with SHIP-1 or with an empty vectorhwitNF-o (250 U/mL) for 6 h. NFR<B activity was
measured by luciferase assay 36 h post transfegtiean = S.D (n=3), *p<0.01B. GNV cells were
transfected with a NikB luciferase reporter gene along with increasingams of SHIP-1. Cells
were subsequently treated with MDP (1 pg/mL) for L&®r left untreated. NkB activity was
determined by luciferase assay (mean + S.D (n38J0704).C. GNV cells were transfected with 2.5
pug of either a SHIP-1 or an empty vector. 24 h pasisfection, cells were treated with MDP (50
png/mL) for indicated periods or with TN&{250 U/mL) for 1 h. RNA was extracted aieéB mRNA
level was measured by quantitative real-time PCRafmt S.D (n=3), *p<0.00D). GNV cells were
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transfected with 2.5 pg of either a SHIP-1 or aptgmector. 24 h post transfection, cells wereteéa
with  MDP (50 pg/mL) for indicated periods and pioge were extracted. Samples were
immunoblotted with an anti-SHIP-1 and an antikBd . Actin was used as loading control.

FIGURE 2. SHIP-1 decreases NOD2-induced NF-kB activation in THP1 cells.

A. THP1-Xblue cells were transfected with a siRNAy&ing SHIP-1 (siSHIP-1) or with a non-target
siRNA (siCTRL). 48 h post transfection, proteinsravextracted. Samples were immunoblotted with
an anti-SHIP-1 antibody. Actin was used as a |lgadiontrol.B. THP1-Xblue cells were transfected
with a SiRNA targeting SHIP-1 (siSHIP-1) or with reon-target SiRNA (SiCTRL). 36 h post
transfection, cells were treated with MDP (10 ori@¥mL) or TNFe (500 U/mL) for 16 h or left
untreated. NReB activity was measured by colorimetric enzyme a¢saean + S.D (n=3), *p<0.003).
C,D, E. THP1-Xblue cells were transfected with a siRNAg&ing SHIP-1 (siSHIP-1) or with a non-
target sSiRNA (siCTRL). 48 h after transfection,|selere treated with MDP (100 pg/mL) or with
TNF-a (500 U/mL) for indicated period. RNAs were extegttandil-8, il-6 and tnf-a MRNA levels
were measured by quantitative real-time PCR (Me&h[ (n=3), *p<0.0001)F. THP1 cells were
transfected with a siRNA targeting SHIP-1 (siSHIPet with a non-target siRNA (siCTRL). 48 h
after transfection, cells were treated with MDPQ1@/mL) for indicated period. Cell supernatant was
harvested and IL-8 protein content was determinedEbISA. G. THP1 cells stably expressing a
ShRNA targeting SHIP-1 (shSHIP-1) or a non tar¢®NA (ShCTRL) were treated with MDP (100
png/mL) for indicated periods. Proteins were exgdaind samples were immunoblotted with an anti-
p-IKKB, an anti-p-kBa and an anti-SHIP-1 antibody, respectively. Actiaswused as a loading
control.

FIGURE 3. SHIP-1 interactswith XIAP.

A. HEK293T cells were transfected with SHIP-1 alooe along with YFP and YFP-XIAP,
respectively. 24 h post transfection, proteins weeatracted. YFP-fused XIAP was
immunoprecipitated with anti-GFP antibody and coumwprecipitated SHIP-1 was revealed by
immunoblotting with an anti-SHIP-1 antibodB. HEK293T cells were transfected with HA-PRD
construct alone or along with YFP and YFP-XIAP pedively. 24 h post transfection, proteins were
extracted. YFP-fused XIAP was immunoprecipitated thwian anti-GFP antibody and
coimmunoprecipitated HA-PRD was revealed by immdmibing with an anti-HA antibodyC.
HEK293T cells were transfected with Myd?RD construct alone or along with YFP and YFP-XIAP,
respectively. 24 h post transfection, proteins weeatracted. YFP-fused XIAP was
immunoprecipitated with GFP-antibody and coimmuegjpitated MycAPRD was revealed by
immunoblotting with an anti-Myc antibodyD. Schematic representation of GST-XIAP construgtion
E. Lysates of HEK293T transfected with HA-PRD counstrwere incubated with 200 pg of various
recombinant GST-XIAP constructs or with GST alo@eimmunoprecipitated SHIP-1 was revealed
by immunoblotting with an anti-SHIP-1 antibody. Lysates of HEK293T previously incubated with
cytochromec and dATP for 30 min at 37 °C were incubated witld 21g of GST-BIR2 or GST alone.
Coimmunoprecipitated cleaved caspase-3 was revaafetnmunoblotting with an anti-cleaved
caspase-3 antibody.

FIGURE 4. XIAP is an essential and specific intermediate during NOD2-induced NF-xB
activation.

A. THP1-Xblue cells were transfected with a siRNAg&ing XIAP (siXIAP) or with a non-target
SiRNA (sSiCTRL). 48 h post transfection, proteinsrevextracted. Samples were immunoblotted with
an anti-XIAP antibody. Actin was used as a loadiogtrol. B. THP1-Xblue cells were transfected
with a siRNA targeting XIAP (siXIAP) or with a naarget siRNA (siCTRL). 36 h post infection,
cells were treated for 16 h with MDP (10 or 25 pigyrar with TNF-o (500 U/mL) or left untreated.
NF-«B activity was measured by colorimetric enzyme pgs@ean + S.D (n=3), *p<0.004L, D, E.
THP1-Xblue cells were transfected with a siRNA #digg XIAP (siXIAP) or with a scramble siRNA
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(SiCTRL). 48 h post transfection, cells were trdavgth MDP (100 pg/mL) or with TNF- (500
U/mL) for indicated periods. RNAs were extractedd dh8, il-6 and tnf-a mMRNA levels were
measured by quantitative real-time PCR (Mean +(8#£3), *p<0.0001).

FIGURE 5. SHIP-1linteractswith XIAP after NOD2 stimulation.

THP1 cells were treated with MDP (100 pg/mL) fodicated periods and proteins were extracted.
Samples were immunoprecipitated with an anti-XIARtiody or with an 1gG control (lg).
Coimmunoprecipitated SHIP-1 was revealed by immiottbbg with an anti-SHIP-1 antibody.
Expression of different proteins in the whole ¢gdlate (INPUT) was verified by immunoblotting with
anti-XIAP, anti-SHIP-1 and anti-peBa antibodies, respectively.

FIGURE 6. SHIP-1 PRD region is necessary and sufficient to decrease NOD2-induced NF-kB
activity.

A. Schematic representation of SHIP-1 deletion cont.B. GNV cells were transfected with 2.5 pg
of SHIP-1, HA-PRD (PRD), My&PRD (APRD) encoding vectors. 24 h post transfection,gimet
were extracted. Samples were immunoblotted withaah-SHIP-1, an anti-HA or an anti-Myc
antibody. Actin was used as a loading conti®l. GNV cells were transfected with 2.5 pg of either
SHIP-1 (SHIP-1) or a HA-PRD (PRD) or a My®RD (APRD) or an empty vector (EV). 24 h post
transfection, cells were treated with MDP (50 pg)rfdr indicated periods. RNAs were extracted and
il-8 MRNA level was measured by quantitative real-tir@&RRFmean = S.D (n=3), *p<0.004).

FIGURE 7. SHIP-1 decreases NOD1-induced NF-kB activation in THP1 célls.

A. THP1-Xblue cells were transfected with a siRNAy&ing SHIP-1 (siSHIP-1) or with a non-target
SiRNA (siCTRL). 36 h post transfection, cells wémated with Tri-DAP (10 or 15 pg/mL) or MDP
(25 pg/mL) for 16 h or left untreated. NdB- activity was measured by colorimetric enzyme ywssa
(mean £ S.D (n=3), *p<0.003R. THP1-Xblue cells were transfected with a siRNAg&ing SHIP-1
(siSHIP-1) or with a non-target SiRNA (siCTRL). A&fter transfection, cells were treated with Tri-
DAP (75 pg/mL) or with MDP (100 pg/mL) for indicateeriods. RNAs were extracted areéB
MRNA level was measured by quantitative real-tifdRRMean + S.D (n=3), *p<0.0001. THP1
cells were treated with Tri-DAP (75 pg/mL) for iodied periods and proteins were extracted.
Samples were immunoprecipitated with an anti-XIARtiody or with an 1gG control (lg).
Coimmunoprecipitated SHIP-1 was revealed by immiotbbg with an anti-SHIP-1 antibody.
Expression of different proteins in the whole tgdlate (INPUT) was verified by immunoblotting with
anti-XIAP, anti-SHIP-1 and anti-peBa antibodies, respectivelyD. THP1-Xblue cells were
transfected with a siRNA targeting XIAP (siXIAP) with a scramble siRNA (siCTRL). 48 h post
transfection, cells were treated with Tri-DAP (7§/mL) or MDP (100 pg/mL) for indicated periods.
RNAs were extracted antd8 mRNA level was measured by quantitative real-tift&RfMean = S.D
(n=3), *p<0.0001).

FIGURE 8. SHIP-1 decreases membrane recruitment of XIAP and interferes with the binding

of XIAP to RIP2

A. THP1 cells were treated with MDP (100pg/mL) for icaded periods. Cell fractionation was
performed and equal amount of cytosolic, membrare rauclear fractions were subjected to SDS-
PAGE. Samples were immunoblotted with an anti-SHIRn anti-XIAP and an anti-RIP2 antibody.
Loading control and purity of cytosolic, membranadanuclear fractions were assayed by
immunoblotting p100, Calnexin and Histone H2B, exdwely.B. THP1 cells were treated with MDP
(100 pg/mL) or with an inactive isomer: D-D-MDP (QLQug/mL) for indicated periods and cell
fractionation was performed. Cytosolic and membrfaetions were subjected to SDS-PAGE and
samples were subsequently immunoblotted with anStiP-1, an anti-XIAP and an anti-RIP2
antibody. Loading control and purity of cytosolimda membrane fractions were assayed by
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immunoblotting p100 and Calnexin, respectivel. THP1 cells stably expressing a non-target
shRNA (shCTRL) or a shRNA targeting SHIP-1 (shSH)Rwere treated with MDP (100 pg/mL) for
indicated periods and cell fractionation was penfed. Cytosolic and membrane fractions were
subjected to SDS-PAGE and samples were subsequemtiynoblotted with an anti-SHIP-1, an anti-
XIAP and an anti-RIP2 antibody. Loading control gmatity of cytosolic and membrane fractions
were assayed by immunoblotting p100 and Calnesspectively.D. THP1 cells were treated with
MDP (100 pg/mL) for indicated periods. RIP2 was sduently immunoprecipitated and
coimmunoprecipitated XIAP was revealed with an %8P antibody. Expression of different
proteins in the whole cell lysate (INPUT) was viedf by immunoblotting with anti-XIAP, anti-RIP2
and anti-SHIP-1 antibodies, respectively.
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