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DJ-1 is Essential for Maximal IgE-Mediated Activation of Human Mast Cells
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DJ-1: Antioxidant protein PARK7; OX-DJ-1: Oxidized DJ-1; Lyn: Src tyrosine kinase; ROS: Reactive Oxygen Species;
Syk: Spleen tyrosine kinase, SHP-2: Src homology domain 2-containing protein tyrosine phosphatase 2
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ABSTRACT

Background: DJ-1 is a redox-sensitive protein with multipldeoin cell homeostasis whose
levels are altered in mast cell (MC)-related disosd However, whether DJ-1 can regulate

human MC function is unknown.

Objective: We sought to investigate the potential role ofIDid-the responses of human MCs to

antigen stimulation.

Methods: DJ-1 was silenced in human CD3derived and LAD2 MCs using lentiviral sh-RNA
constructs. Release @fhexosaminidase, PG@and GM-CSF and changes in reactive oxygen
species (ROS) levels were measured afteRFengagement. Enzymatic assays, sucrose density
gradient centrifugation, immunoprecipitations, dot Western blots, and confocal imaging were

performed for signaling, cellular localization acmtassociation studies.

Results: DJ-1 knockdown substantially reduced mediatorasdeas well as Lyn and Syk kinase
activation and signaling by mechanisms which apgubdargely unrelated to DJ-1 antioxidant
activity. Upon FeRI activation, non-oxidized rather than oxidized-DJranslocated to lipid
rafts where it associated with Lyn, an interactitvat appeared critical for maximal Lyn
activation and initiation of signaling. Using pued recombinant proteins, we demonstrated that
DJ-1 bound to Lyn directly but no other Src kingsasl this interaction was specific for human
but not mouse proteins. In addition, DJ-1 reducellP-2 phosphatase activity by scavenging

ROS thus preventing Syk dephosphoryation and peapag MC signaling.

Conclusion: We demonstrate a novel role for DJ-1 in the eaclyvation of Lyn by FeRlI that is
essential for human MC responses and which providesbasis for an alternative target in

allergic diseases therapy.
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CAPSULE SUMMARY:

We demonstrate a previously unrecognized intenadigtween DJ-1 and the Src kinase Lyn in antigen-
activated human mast cells that is essential foximma Lyn activation and the release of bioactive

allergic and inflammatory mediators.

KEY MESSAGES:

. Ligation of FeRI in human mast cells induces the early transiogsabf non-oxidized
DJ-1 to lipid rafts where it interacts with Lyn dliag its full activation, downstream signaling
and mast cell responses

. Later after FeRI activation, the ability of DJ-1 to become oxiglizquenches ROS levels
and reduces the activity of the phosphatase SHRi&wpermits further Syk-mediated signaling.
. Further characterization of the interaction DJ-Ihwiyn could form the basis for

alternative treatments in allergy.

KEY WORDS: Human mast cells, IgE receptor, Lyn activation,ID&ignaling, reactive oxygen

species, Syk
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ABREVIATIONS

Cbp - Csk binding protein

Csk - C-terminal Src kinase

FceRI - High affinity receptor for IgE
GM-CSF - Granulocyte-macrophage colony-stimulataajor
GPCR- G-protein coupled receptors
HUMCs - CD34-derived human mast cells
MC - Mast cells

MBMMC — Murine bone marrow mast cells
PGD; - Prostaglanding D2

ROS- Reactive Oxygen Species

SA - Streptavidin

SFK - Src family kinase

Syk - Spleen tyrosine kinase
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INTRODUCTION

Antigen-dependent activation of mast cells (MCsgurs primarily through FiRI, the high-
affinity receptor for IgE, which causes the releasd generation of vasoactive and inflammatory
mediators of allergic inflammatidrf. Understanding the mechanisms that control IgEedeent
MC activation is critical to the development of dimanolecular weight inhibitors of MC
responses and to understanding aberrant regulaliois. currently understood that &Rl
aggregated by antigen coalesce within specializiedoslomains of the plasma membrane (lipid
rafts), and this causes the activation of Src famyitosine kinases (SFKs), among which Lyn is
the most critical for the initial stages of signalielicitatiorf. Activated Lyn then phosphorylates
the B and y chains of the FRI, which respectively leads to recruitment of Lymd
recruitment/activation of spleen tyrosine kinasgkjSan obligatory step for further propagation
and divergence of signaling cascades leading toelease of bioactive mediatdrs Targeting

of these receptor-proximal signaling events is gnafle since they are common to all antigen-

induced MC responses.

We have recently demonstrated altered serum lefdx]-1, an evolutionary conserved protein
reported to protect cells agai oxidative damage, in patients with atopic dermatitis patients; and
a biphasic regulation in mastocytosis where DJ-% wauced by IL-6 and implicated in the
expansion of neoplastic ME4 Although DJ-1 is abundantly expressed in humanIM&?® ’, it

is unknown whether DJ-1 can influenceeR&mediated activation of human MCs.

As will be shown, we find that absence of DJ-1 iimlan MCs (HUMCSs) results in marked
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inhibition of Fe&RI-induced degranulation, cytokine and eicosaneoatipction by mechanisms

which appear independent of its antioxidant agtiw¥e further show a direct interaction of DJ-1
with Lyn in lipid rafts and that this associatianrequired for Lyn activation, initiation of human
MC signaling and functional responses. The int&vacwith Lyn is specific for non-oxidized

rather than oxidized DJ-1 and unique to the humamdiogs, since such interaction was not
observed between murine DJ-1 and Lyn proteins. daa thus details a critical here-to-fore
unknown function for DJ-1 in human MC responsivenas a novel activator of Lyn and which

may be of therapeutic interest in developing stjigteto target the MC compartment.
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METHODS

Human Mast Cell Cultures

Primary HUMCs were derived from CD3#eripheral blood progenitors isolated from healthy
volunteers after informed consent under a prot@d@TO0001756) approved by the Institutional

Review Board of the National Institute of Allergndainfectious Diseases (NIH). HUMCs and

human LAD2 MCs were cultured as describ&dFor activation, HUMCs and LAD2 cells were

sensitized overnight with biotinylated IgE (0.1 p¢), washed and the IgE-bound eRd

crosslinked with 100 ng/ml streptavidin (SA).

Knockdown of DJ-1 by sh-RNA. Viral particles containing non-target (SHC002) od-D
targeted short hairpin RNAs (sh-RNAs) (TRCNOOOO@H9n a pLKOL1 vector were prepared
as described and used to transduce HUMC or LAD2. Cells wereceH in media containing

0.2 ug/ml puromycin for 5 day$.

Measurement of ROS and DJ-1ROS levels were measured with OxiSelect™ Intratallu
ROS Assay kit and DJ-1 in supernatants of stimdlatells were measured by ELISA as

described Alternatively, DJ-1 and oxidized DJ-1 were deteldby Western bl6t

SHP-1 and SHP-2 phosphatase and in vitro kinase ags. Phosphatase activities 8HP-1
and SHP-2 in immunoprecipitates from SA-stimulatéd?2 cells were measured by a Duoset
IC Phosphatase Assay. Kinase activities in immuaapitates of Lyn, Fyn, Fgr or Syk from cell

lysates were determined by using an ELISA-baseddssal Tyrosine Kinase Assay Kit.
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Isolation of lipid rafts. LAD2 cells (2.0 x 1) were lysed in 2 ml of lysis buffer containing @5
Brij 58 for 30 min on ice. Lysates were mixed with an émpadume of 80% (w/v) sucrose in

buffer. A sucrose gradient was prepared and preddsg ultracentrifugation at 270,000g for 18
h at 4°C. Fractions were collected from the toght® bottom of the gradient for Western blot

analysis.

Confocal microscopy.Non-stimulated and SA-stimulated HUMC or LAD2 cellere seeded
into 8-well Lab-Tek chamber slides and centrifuged00 rpm for 5 min. After washing, cells
were fixed with 4% formaldehyde and permeabilizeth\®.1% Triton X-100 for 10 min. Cells
were then incubated 1 h with 1% BSA before stainibgnfocal images were obtained with a

Leica SP5 X confocal laser scanning microscope.

Statistical analysis. Data were expressed as mean + SEM of values froom®re independent
experiments. 1-way ANOVA was used to determindsiteally significant differences between
groups using Prism 6 software (Graph Pad Softw&ar,Diego, CA, USA). Statistical

significance was indicated as follows: *P <0.05 &tfel<0.01.

A detailed description of the methods used in shusly can be found in Supplementary Methods

section.
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RESULTS

Non-oxidized DJ-1 translocates to the plasma membne early after FeRI activation

In examining the role of DJ-1 in HUMCs, we firstrified that activation via FaRI resulted in a
rapid increase in intracellular production of RO®iah was maximal by 30 min, slowly
declining thereafter (Fig. 1A), as reportedTotal intracellular levels of DJ-1 did not chantut
DJ-1 was visibly oxidized by 30 min at Cys106, thajor residue responsible for its antioxidant
function (Fig. 1B, upper panels). Intracellular-Daxidation plateaued by 1 h, coinciding with
both DJ-1 secretion into the media and the decfinatracellular ROS levels (Fig 1A and Fig
1B, lower panels). Therefore, a significant antitaxit effect of DJ-1 was only apparent 30 min

to 1 h after FeRI activation.

Additionally, within 10 min after activation, a gamn of DJ-1 localized to the plasma membrane
and this translocation was independent of any Bagmit oxidation in Cys106 as determined by
Western blot analysis and confocal microscopy (Ei).and C). In fact, oxidized DJ-1 appeared
distinctly excluded from the plasma membrane a thihe point. The redistribution of non-
oxidized DJ-1 into the membrane was transient satfiter 1 h most of the total cellular DJ-1 had
been oxidized and appeared in the cytosol or assativith organelles (Fig. 1B and C). By 4 h,
oxidized DJ-1 moved to the plasma membrane coingiavith the secretion of DJ-1 into the
extracellular media (Fig. 1A). Thus, DJ-1 secretampears to be dissociated from degranulation
which is completed within minutes of activation.n& the oxidized form of DJ-1 is
preferentially secretéd the late appearing membrane-localized and nowlized DJ-1 may

well represent molecules in transit to the extlatal space. Of note, the amounts of DJ-1
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secreted into the media were only a fraction of de#ular DJ-1 content as indicated in the
legend to Fig.1. The temporal changes in ROS akageDJ-1 oxidation and localization were
reproduced in the LAD2 MC line (Supplementary Fiy. Overall, these data indicate that the
distinct rapid and transient translocation of tlom-oxidized DJ-1 to the plasma membrane is

unrelated to its scavenger function and may hawmetfonal consequences.

DJ-1 is essential for HUMC responses by mechanismgreatly independent of its

antioxidant activity,

After demonstrating early translocation of DJ-1the plasma membrane, vegplored whether
loss of DJ-1 by shRNA knockdown would have an éftecFeRI-induced responses. We found
that DJ-1 silencing with lentivirus-mediated shRX&Sulted in a >75% reduction in DJ-1 (Fig.
2A and Supplementary Fig. 2A and B) without affegtithe expression of KIT and ¢RI
(Supplementary Fig. 2C). DJ-1 knockdown markedHjibited FeRI-mediated degranulation in
HuMCs both in the absence (Fig. 2B, blue line) mspnce (Fig. 2B, red lines) of stem cell
factor (SCF) which enhances dRl dependent degranulatidn Degranulation induced by
thapsigargin, which causes cytosolic?Cimcreases by inhibiting Gauptake into intracellular
stores or by GPCR agonists (Figure 2C) was notcttke by the loss of DJ-1 (Fig. 2C),
consistent with specificity on ERI signaling. FeRI-mediated release of prostaglandin D
(PGD,) and GM-CSF (Fig. 2D and F), but not thapsigatgoiced PGD release (Fig. 2E),
were also substantially reduced with DJ-1-knowd@empared with non-target shRNAs. DJ-1
knockdown had similar effects ondRJ dependent responses in LAD2 MCs (Supplementayy F

3A-D).



199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

Kimetal. 12

Pretreatment of HUMCs with the general ROS scaweBg&6,6-tetramethylpiperidin- 1-oxyl
(TEMPOQO) prior to MC stimulation reversed the augteenintracellular ROS levels in DJ-1
knockdown cells (Fig. 3A) but did not restore thaibition of degranulation (Fig. 3B), or PGD
(Fig. 3C) and GM-CSF (Fig. 3D) secretion by DJ-RBEIA silencing. Similarly, the antioxidant
TEMPO did not restore ERI-dependent responses in LAD2 cells (Supplemenkgy 3E).
Higher concentrations of TEMPO (300 umol/L) did rmatve significant additional effects on
ROS levels over 100 pmol/L TEMPO (Fig. 3A and Sepptntary Fig. 3F) but induced 20%
cell death and thus this concentration was not uséake study. The results using concentrations
of TEMPO that markedly reduce ROS levels (albeit tmially), are consistent with the
conclusion that the defect in dRl—-induced mediator release in DJ-1 knockdown HuMEs
largely (about 40%) unrelated to increased inttalz@l ROS levels due to the loss of DJ-1

antioxidant activity.

Elevated ROS caused by knockdown of DJ-1 result ianhanced activity of SHP-2 but not

SHP-1

DJ-1 has been reported to alter the function oftyhesine Src homology 2 domain-containing
phosphatase 1 (SHP-1) and SHP-2 in mouse bone \wdeoved MCs (mBMMCs), and
negatively regulating ERI-induced activatich In marked contrast, in human LAD2 cells,
FceRI induced activation of SHP-1 was not affectedDayy1 knockdown (Fig. 4A). Further, in
LAD2 cells, pretreatment with TEMPO (Fig. 4B), acubation with HO,in vitro did not alter

activation of SHP-1 (Fig. 4C). This contrasts witiBMMCs, where inhibition of SHP-1
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activity by DJ-1 deficiency was reversed by thaaatlant TEMPO and was concluded to be the

main mechanism involved in the hypereactive phaz®fpund in DJ-1 deficient mBMMCT

SHP-2 activation was, in contrast, enhanced in Bddckdown human LAD2 MCs (Fig. 4D),
an effect shared with DJ-1 deficient BMMCsThe enhanced activation of SHP-2 was fully
restored by treatment with TEMPO (Fig. 4E), indiegtthis effect is ROS-mediated. Further
confirming this conclusion, ¥D, induced a dose-dependent increase in SHP-2 gctivit
immunoprecipitates after ERI ligation (Fig. 4F). These results indicate thdtile the role of
DJ-1 as a negative regulator of SHP-2 activatiocoisserved in human and mouse MCs, DJ-1
plays no role in the regulation of SHP-1 in huma@dv Therefore, the antioxidant component
of DJ-1 function in human MCs is restricted to tmmtrol of SHP-2 and this, together with the
lack of effect on SHP-1, may help explain the oppgpsnediator release effects between human

and mouse MCs.

Knockdown of DJ-1 inhibits FceRI-induced Lyn activation mostly independently of ts

effects on ROS

Since non-oxidized DJ-1 translocated to lipid raftsly after ligation of FaRl and the activation
of SFKs including Lyn, Fyn, and Fgr are the moseptor-proximal events* ***7 we explored
the possibility that reduced DJ-1 expression afféleeir activity. The activation of Lyn kinase
was significantly impaired in DJ-1-silenced LADZ2llse(Fig. 5A, left panel). However, the
activities of Fyn, and Fgr (Fig. 5A, middle andhigpanels) were not affected. The inhibition of

Lyn by DJ-1 knockdown was mostly independent ofrggulation of ROS levels since it was
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only partially reversed by treatment with TEMPOgF5B). In agreement, addition ob®k to
immunoprecipitated Lyn only mildly reduced its Lyyrosine kinase activity (Fig. 5C). As in
LAD2 cells, DJ-1 knockdown also impaired the adima of Lyn in primary HUMCs and
showed little dependency on ROS levels (Supplemeriigy. 4). These results also contrasted
with the effect of DJ-1 deficiency or knockdowniBMMC®, where Lyn was not found to be
affected, and suggest that DJ-1 is an importantriborior to Lyn activation in HUMCs but not

MmBMMCs, an effect that is in general unrelated thDantioxidant activity.

DJ-1 is critical for activation of Syk and Syk-depedent phosphorylation events

independently of its effects on ROS

I*® Consistent with

Syk activation by Lyn is critical for early signadj events mediated by #R
the effect on Lyn, Syk activity in immunoprecipéat was significantly reduced by DJ-1
knockdown in LAD2 MCs after BRI stimulation (Fig. 6A) and this effect was onlgrpally
restored by treatment with TEMPO (Fig. 6B). In agnent with the reduction in Syk activity,
we observed reduced phosphorylation of Syk in ipes525/526 and 352 (Fig. 6C, upper panel)
that was minimally reversed with TEMPO (Fig. 6Cwéy panel). Furthermore, knockdown of
DJ-1 also substantially reduced phosphorylatiosyk-dependent targets including the adaptor
linker for activation of T cells (LAT) and the doatneam phosphorylation of PiC, JNK and
ERK (Fig. 6D). However, in agreement with the laok effect on Fyn activity, Akt
phosphorylation, which is downstream of Fyn actomf, was not significantly affected. Of

note, only a small fraction of Lyn is needed tdiaie signaling early after ERl engagement’

2L and thus increased Lyn activity may not be readéiectable by immunoprecipitations and in
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vitro kinase assays until later times as recefdtaters and signaling complexes enriched in Lyn

become enlargeti**??(Fig.5A).

Collectively, the data are consistent with an etsglerole for DJ-1 in the propagation of #Rl-
mediated Lyn-Syk signaling and human MC functiogsrechanisms that fundamentally differ

from its effects on mBMMC.

Non-oxidized DJ-1 is required for proper phosphoryation and activation of Lyn in lipid

rafts

Since DJ-1 was rapidly translocated to the plasrambnane where Lyn triggers signaling after
FceRI engagement, we investigated whether Lyn and [kblbcalize and associate after
stimulation. We detected DJ-1 in immunocomplexeshwiyn within 3 min of FeRI
crosslinking in both primary HUMCs (Fig. 7A) and D& MCs (Fig. 7B), consistent with the
finding that DJ-1 is critical for degranulation, wh occurs within 2-3 min. However,
association of DJ-1 and Lyn was maximal at 7 mid eemained so for up to 15 min (Fig. 7A
and B, upper panels). The persistence of the aggmtiDJ-1/Lyn after degranulation is ending
suggests roles for DJ-1 in responses additionaetgranulation, such as cytokine and BGD
release which are late MC respong@snfocal microscopic analysis confirmed the redistion

of a portion of DJ-1 to the plasma membrane andaadization with Lyn early after stimulation

(Fig. 7A and B, lower panels).

Since Lyn is enriched in lipid rafts after MC stilation, an environment important for Lyn-

mediated phosphorylation of #RI1°, we suspected that DJ-1 may also re-localize ¢sethrafts,
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as was described in astrocytes after LPS activtidmactionation studies did indicate that a
substantial portion of DJ-1 translocated from thioglasm fractions (fractions 8-11) into lipid
rafts (fractions 4-6; as defined by the marker @roflotillin-1 and Lyn), thus colocalizing with
Lyn following stimulation (Fig. 7C). Consistent Wwithe confocal images shown in Fig. 1C, the
majority of DJ-1 that translocated into lipid rafitactions was not oxidized (Fig. 7C).
Furthermore, DJ-1 was detected in immunocomplexils layn only in detergent-insoluble
fractions (lipid rafts) after MC stimulation but him detergent-soluble fractions (Fig. 7D) and
the immunoprecipitated DJ-1 associating with Lythase fractions was not oxidized in Cys106

(Fig. 7D).

The association of Lyn with DJ-1 in lipid rafts eftFeRI engagement did not appear to be
required for the translocation of Lyn into thesem@ins since silencing of DJ-1 did not prevent
enrichment of Lyn in lipid rafts (Fig. 7E). Howeyé did markedly inhibit FeRI-mediated Lyn

phosphorylation (Fig. 7E), indicating that DJ-1iligates Lyn activation.

Human non-oxidized DJ-1 directly interacts with hurman Lyn

Because DJ-1 is reported to directly alter thevigtdf kinases and tyrosine kina$&$®, we next
determined whether recombinant DJ-1 could induce agtivationin vitro. As shown in Fig.
8A, recombinant DJ-1 induced a dose-dependent aserein Lyn activity in Lyn-
immunoprecipitates from resting LAD2 cells (Fig. 88ack bars). However, this induction was
not observed when DJ-1 was previously oxidized Wi, (Fig. 8A, red bars), which together

with the observation that oxidized DJ-1 was notspre in the plasma membrane or lipid rafts
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early after FeRl engagement, indicates that the effect of DJ-Lymactivity is independent of

its antioxidant activity.

To test whether Lyn and DJ-1 interact directly, pegformed dot blots with recombinant DJ-1
and recombinant tyrosine kinases. Increasing cdrat@ns of either purified recombinant Lyn
(Fig. 8B) or DJ-1 (Fig. 8C, left panel) immobilized nitrocellulose showed immunoreactive
dots after incubation with DJ-1 (Fig. 8B) or LynidF 8C, left panel). In contrast, no
immunoreactive dots were observed when either reamant Fyn or Syk was employed (Fig. 8B
and C, left panel). Spotted recombinant proteingnimoreactingto their corresponding

antibodies are shown in Fig. 8C (right panel) asitp@ controls.

Furthermore, human recombinant oxidized DJ-1 ditlshmw positive interactions, indicating
that only non-oxidized DJ-1 is able to interacthwlityn (Fig. 8D). Dot blot assays also indicated
that mouse recombinant DJ-1 did not interact witbhuse Lyn (Supplementary Fig. 5A) in
agreement with the lack of effect of DJ-1 on Lyrtiaty in mBMMC. Furthermore, this
interaction appears to be specific between the humanologs because no immunoreactive dots
were observed between mouse DJ-1/human Lyn or hiddalimouse Lyn (Supplementary Fig.
5B and C). Collectively, these results demonsteatéirect interaction between Lyn and non-

oxidized DJ-1 that enhances the Lyn activity angeaps unique to the human proteins.
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DISCUSSION

MCs play a critical role in allergic disorders migithrough the activation of the high-affinity
IgE receptor (FeRI1) expressed on the MC surface. When the IgERFcomplex is aggregated
by multivalent antigen, the open, active conform@tof the Src family tyrosine kinase (SFK)
Lyn is favored, causing autophosphorylation of Lgnd transphosphorylation of tyrosine
residues in th@ andy subunits of adjacent receptors. The latter phayétton creates docking
sites for the recruitment of the tyrosine kinask.S8yk phosphorylation by Lyn and consequent
activation amplifies signaling cascades that reslilmately in the release of vasoactive and
inflammatory mediators from the M&® However, how exactly Lyn initiates these evenmts i
human MCs is not entirely clear. Here we demorsstitaat direct binding of Lyn to DJ-1 in the
plasma membrane is a required step for full Lyragenactivation, transphosphorylation of the
subunits of FeRI and consequent responses in human MCs. Thidiistaeport showing that
DJ-1, by mechanisms partially independent of itsoacas a ROS scavenger, is critical for the

organization of early events in human MC signaling.

Interest in understanding the biochemical and fonel properties of DJ-1 (also known as
PARK7) has been fueled by the association of DJtations with familial early onset
Parkinson’s diseadeand by altered levels in diseases such as casteke, dermatitis and
mastocytosis ” 2% 2% A well-established function of DJ-1 is to prdteells from oxidative
damage partly by undergoing self-oxidation thusuoiy ROS levef§3? although other

functions for DJ-1 independent of this feature hals® been describ&d?> 33 We confirmed

that FeRI engagement induced ROS generation in HuM@sad found that self-oxidation of
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DJ-1 30 min after activation occurred concomitamigh a decline in ROS levels, consistent
with the antioxidant role for DJ-1. Our study fiethreveals a requirement of DJ-1 for
degranulation, cytokine and eicosanoid responsebluNICs that appeared to be, however,
greatly independent of its antioxidant activity@nreatment with an antioxidant only restored
by 20% the diminished responses caused by DJ-fcgig. This is consistent with reports
indicating that ROS generation has little effectfmRI-mediated MC respons&s Thus, the
data supports ROS-dependent and ROS-independad fal DJ-1 in HUMC responses. We
provide evidence that a consequence of DJ-1 antmiactivity is to restrict SHP-2 activation
by removing excess ROS levels which normally enbarf8HP-2 phosphatase activity, as was
observed in mMBMMC% However, unlike in mBMMCs, DJ-1 had no effect 8HP-1 activity.
Restricted SHP-2 activity would result in diminish8yk dephosphorylation and thus sustained

Syk activation.

In addition, silencing of DJ-1 expression markeddduced Lyn activity in HUMCs by a
mechanism unrelated to its ROS scavenger actiasywas true for mediator release, and
involved a direct, specific association with Lyn]-D did not similarly associate with Syk nor the
SFK Fyn, and Akt signaling downstream of Fyn waaftetted by DJ-1 absence. DJ-1 has been
reported to alter the activity of certain receptarsd signaling proteins in part by direct
associatioft" *’ in some instances by mechanisms not yet well nstofed* 2 3% 38 Based on
our findings we propose a unique dual function -1 in FeRl-activated human MCs
sequentially regulating Lyn and Syk pathways: aiyi, when DJ-1 is not oxidized, by directly
facilitating Lyn activation; and later, as it becesnoxidized, by reducing ROS levels and SHP-2

activity thus potentially alleviating SHP-2 repriessof Syk activity (Fig. 8E).
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We provide insights on how and where DJ-1 exestsagulation of Lyn activation. Similar to
other cell§” “° in non-stimulated HUMCs, DJ-1 appeared localizecacellularly but shortly
and transiently after activation, a fraction of rmndized DJ-1 translocated to lipid rafts. Lipid
rafts are plasma membrane microdomains enricheadhwlesterol, glycosphingolipid, and
sphingolipid§" *? believed to generally function as focal points thee consolidation of R&I
signaling components. Lyn and DJ-1 not only colizea but formed distinct Lyn/DJ-1 immune
complexes in these domains in response t&RFlgation. Formation of such complexes did not
require adaptor proteins since purified recombinadtl directly bound recombinant Lyn
vitro, and resulted in enhanced Lyn activity. Although finecise mechanisms for the effect on
Lyn activity are not entirely clear they appeab#opartly independent of its antioxidant function.
It is unlikely that DJ-1 prevents interactions wilbp/Csk complexes, a feed-back loop that
keeps Lyn in an inactive state through phosphdppatf Lyn in Tyr507°, since DJ-1 deficiency
did not alter Lyn phosphorylation in Tyr507 or tphkeosphorylation and levels of Cbp that co-
immunoprecipitated with Lyn (Supplementary Fig. 6Ngevertheless, DJ-1 knockdown blunted
total phosphorylation of Lyn and its associatiothwicy subunits (Supplementary Fig. 6A) and
recombinant DJ-1 was sufficient by itself to entmntyn kinase activity in Lyn
immunoprecipitates from unstimulated MCs and oforebinant Lynin vitro (Fig. 8A and
Supplementary Fig. 6B) to suggest that a consegueficLyn/DJ-1 interaction may be to

promote the open, active conformation of Lyn.

The active conformation of Lyn is usually favoreglfinding of Lyn SH2 and SH3 domains to

phosphotyrosine-containing sequences and prolafesriotifs, respectivef§ > DJ-1 does not



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

Kimetal. 21

contain proline-rich motifs, but it was phosphotgth on tyrosine after antigen stimulation
(Supplementary Fig. 6C). The fact that purifiedomabinant DJ-1 and Lyn interacted in the
absence of ATP in our studies suggests that DJespftorylation is not necessary for binding,
but may stabilize the active conformation of Lyidowever, it appears that a non-oxidized
Cys106 is required for the interaction and enhamcgraf Lyn activity. The interaction between
human Lyn and DJ-1 is also species-specific in ithaas not observed between the two murine
proteins or between human and murine homologs,wsliggests an acquired function for DJ-1
in humans despite the overall sequence homologyeast species. This adds a cautionary note

in translating mouse data to humans with respebtG@aactivation mechanisms.

Collectively, our results shed new light on theulatjon of human MC responses after IgE
receptor engagement by identifying DJ-1 as an yested player in Lyn activation. This

function of DJ-1 requires non-oxidized cysteinedass as well as translocation of DJ-1 to lipid
rafts and direct interaction with Lyn that facit#a its kinase activity and initiation of signaling

cascades. Thus, further characterization of D¥si/interaction may open new avenues of
therapeutic modalities in MC-derived diseases. fliding of DJ-1 as an essential regulator of
Lyn may also be relevant for other immunoglobubneptors and/or human immune cells where

Lyn function is critical.
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FIGURE LEGENDS

Figure 1. Non-oxidized DJ-1 localizes to the plasmanembrane early after mast cell
activation. (A) Changes in intracellular ROS and release ofiDdto the extracellular media
following stimulation with 100 ng/ml streptavidiisf) of HUMCs sensitized with biotinylated
IgE measured by ELISA. (B) Immunoblots showing adesin total DJ-1 and oxidized DJ-1 (at
Cys106) inside cells or secreted to the mediandEated. Quantification of blots is shown as
bar graphs representing the average of 3 indepéemd@eriments. Loaded amounts of lysates
(intracellular DJ-1) and of supernatants (extragat) are not equivalent in “per cell” basis,
being the latter 5 times more concentrated thasetifor the intracellular (see methods). (C)
Confocal microscopic analysis of the intracelldtaralization of DJ-1 (green) and oxidized DJ-1
(red) in non-stimulated or SA-stimulated HUMCs @r10, 60, and 240 min. Data are from a

representative experiment of three independentrexpats.

Figure 2. DJ-1 expression is required for normal FeRI-induced human mast cell
responses(A) Reduced DJ-1 protein (left panel) and mRNA reggion levels (right panel) in
HuMCs transduced with either DJ-1 sh-RNA or nom¢ted sh-RNA constructs. (B, C) Effect
of DJ-1 knockdown (empty circles) in HUMC degrariaia induced by SA (B) or the indicated
concentrations of thapsigargin, complement compo8arC3a) and Compound 48/80 (C). In B,
IgE-sensitized HUMCs were stimulated with varioemicentrations of SA in media with (red
lines) or without (blue line) 100 ng/ml SCF. Degufation was measured fishexosaminidase

activity released into the extracellular medium amxgressed as percentage of the total cellular
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B-hexosaminidase activity. (D, E) Effect of DJ-1 kkdown in the production of PGBecreted
into the culture medium induced by the indicatedoemtrations of SA (D) or by thapsigargin (E)
six hours after stimulation. PGDRvas determined by ELISA. (F) Effect of DJ-1 knoctwh in
the production of the cytokine GM-CSF induced by. B8MCs were stimulated for 6 h and the
amounts of GM-CSF released into the media detenriyeELISA. All values are means + SEM

from 3 independent experiments. *P < 0.05, **P &10.

Figure 3. The effect of DJ-1 knockdown in FeRI -induced human mast cell responses is
largely independent of its effect on ROS.(A) Confocal microscopy images showing
intracellular ROS levels in HUMCs transduced wiither lentiviral DJ-1 shRNA or non-target
(NT) shRNA and pretreated or not with TEMPO forrh prior to SA (100 ng/ml) stimulation
for 30 min. NS, non-stimulated. Right panels shatedmninations of ROS levels in HUMC after
pretreatment with 30, 100 or 300 pmol/L TEMPO 10 nefore stimulation with the indicated
concentrations of SA. (B-D) Effect of the antioxdl @ EMPO at the indicated concentrations on
SA-induced degranulation (B), PGIEC) and GM-CSF (D) secretion in HUMCs transducdith w
either lentiviral DJ-1 shRNA or non-target shRNAntol. IgE-sensitized cells were pretreated
with TEMPO for 10 min and then stimulated with SBegranulation (B) was measured as
percentage of-hexosaminidase released into the media 30 mir atieulation, and the
amounts of PGP (C) and GM-CSF (D) secreted into the culture medivere determined 6
hours after activation. All values are means * SkEdh 3 independent experiments. *P < 0.05,

**P < 0.01.

Figure 4. The effect of DJ-1 knockdown on SHP-2 aiefation is mediated through increased

ROS levels. LAD2 cells transduced with lentiviral DJ-1 shRNA oon-target shRNA were
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593  sensitized with IgE and then stimulated with 100mdsA for 15 min. SHP-1 (A) and SHP-2 (D)
594  were immunoprecipitated from the cell lysates am@rtphosphatase activities measured as the
595 amount of free phosphate released from a syntpétisphopeptide in 30 min. (B,E) Effect of
506 ROS removal by TEMPO in the changes in SHP-1 (BJ &HP-2 (E) activity by DJ-1
597 knockdown. LAD2 cells were pretreated with 100 WmaEMPO for 10 min before SA
598 stimulation and the phosphatase activities detexchas in A and D. (C,F) Effect of incubation
599  with H,O, for 20 min on SHP-1 (C) and SHP-2 (F) activitissn non-stimulated (NS) and SA-
600 stimulated (SA) LAD2 cells. All values are meanSEM from 3 independent experiments. *P <

601  0.05. SA, streptavidin stimulated; NS, non-stimedat

602

603  Figure 5. DJ-1 knockdown suppresses Lyn activatiomostly independently of its effects on
604 ROS. (A) Effect of DJ-1 knockdown in the activity of Stamily kinases Lyn, Fyn and Fgr after
605  SA stimulation of MCs. LAD2 cells transduced witntiviral DJ-1 shRNA or non-target
606 ShRNA were sensitized with IgE and then stimulatgtt 100 ng/ml SA for the indicated times.
607 Lyn, Fyn, and Fgr were immunoprecipitated and tkeiase activities measured. (B) Effect of
608 ROS removal by TEMPO in the loss of Lyn activatipn DJ-1 knockdown. LAD2 cells were
609  pretreated with 10@mol/L TEMPO for 10 min before SA stimulation. (CpBe response effect
610 of H,O, on the activity of immunoprecipitated Lyn from nstimulated and SA-stimulated
611 LAD?2 cells. Lyn activity from immunoprecipitatedyh samples was assayedvitro in the
612  presence of different concentrations ofCAfor 20 min. All values are means + SEM from 3
613 independent experiments. *P < 0.05, *P < 0.01. SAeptavidin-stimulated; NS, non-

614  stimulated.

615
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Figure 6. DJ-1 knockdown suppresses Syk activatioand downstream signals(A) Effect of
DJ-1 knockdown in SA-induced activation of Syk. LARells transduced with lentiviral DJ-1
shRNA or non-target ShRNA were sensitized with &yt then stimulated with 100 ng/ml SA
for the indicated times. Syk was immunoprecipitaé@d its activity in the immunoprecipitaes
measured using the ELISA-based Tyrosine KinaseyAK#a (B) Involvement of ROS in DJ-1
knockdown-induced effect on Syk activity. Cellsrevéreated with TEMPO (10@0mol/L) for 10
min prior to SA stimulation and Syk activity frorhe indicated lysates was determined as in A.
Values are means + SEM from 3 independent expetsn&R < 0.05, **P < 0.01. (C,D) Effect
of DJ-1 knockdown on SA-induced signaling. Phosplation of Syk, LAT, PLG1, Akt, Jnk
and Erk1/2 on LAD2 cells treated as in A was asskdsy Western blotting using specific

antibodies for the indicated proteins. Blots apgesentative of three experiments.

Figure 7. After FceRI crosslinking, DJ-1 interacts with Lyn in lipid r afts and enables Lyn
phosphorylation. (HUMCs (A) and (B) LAD2 cells were stimulated wit®0 ng/ml SA for 0, 3,

7, and 15 min and Lyn was immunoprecipitated (uppanels). Presence of DJ-1 in the
immunoprecipitates was demonstrated by Westerntitgot Confocal images show the
localization of DJ-1 (in green) and Lyn (in red)fdre and after SA stimulation of HUMCs (A)
and (B) LAD2 cells. (C) Distribution of Lyn and OJin sucrose density gradient centrifugation
fractions from non-stimulated (NS) or SA-stimulaté®lA) LAD2 cell lysates. (D) Lyn was
immunoprecipitated from 1% Triton X-100 soluble amdoluble fractions of IgE-sensitized
LAD2 cells stimulated or not with 100 ng/ml SA fomin, and the presence of DJ-1 or oxidized
DJ-1 determined by Western blotting. (E) LAD2 cétlnsduced with lentiviral DJ-1 shRNA or

non-target shRNA were stimulated with 100 ng/ml 8A7 min. Lyn was immunoprecipitated
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from Triton X-100 soluble and insoluble fractionadaDJ-1 or Lyn localization and Lyn
phosphorylation determined by Western blotting. Qifigation of phospho-Lyn and Lyn for are

shown. The values are means + SEM from 3 indeperdgreriments. **P < 0.01.

Figure 8. Human DJ-1 directly interacts with Lyn, but not Fyn or Syk, and enhances its
tyrosine kinase activity. (A) Lyn activity in immunoprecipitates from unstimated LAD2 cells
incubated with or without various amounts of pedfihuman recombinant DJ-1 or oxidized DJ-
1 protein (OX-DJ-1) for 30 min. Values are mearSEM from 3 independent experiments. *P
< 0.05. (B,C) Human recombinant Lyn, Fyn, Syk arldIDwere immobilized on a nitrocellulose
membrane and incubated with a solution of 100 ndpfumhan recombinant DJ-1 (B) or human
recombinant Lyn (C). After washing, positive intelians were revealed using antibodies against
DJ-1 (B) or anti-Lyn (C). C, right panel: positigentrols for recognition of doted proteins to
the corresponding antibodies. (D) Dot blots denmaisig that only non-oxidized human
recombinant DJ-1 (h R DJ-1) interacts with humasonebinant Lyn. Blots are representative of
three experiments. (E) Model summarizing the figdinAfter activation of the ERI, non-
oxidized DJ- 1 is translocated to lipid rafts whirnateracts with Lyn facilitating its activity ah
downstream signaling. In addition, at later tinadter FERI engagement, DJ-1 has a positive
effect on MC signaling acting as an antioxidantt@iro that reduces ROS levels, thus limiting
SHP-2 activation and enhancing Lyn activity, bothwhich favor Syk activation and MC

responses.
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METHODS

Human Mast Cell Cultures (HuMCs). Primary HUMCs were derived from CD3peripheral
blood progenitors isolated from healthy volunteefter informed consent under a protocol
(NCT00001756) approved by the Institutional Revigeard of the National Institute of Allergy
and Infectious Diseases (NIH). CD34ells were cultured in StemPro-34 SFM Complete
Medium (Invitrogen, Grand Island, NY), L-glutamin@ mM), penicillin (100 1U/ml),
streptomycin  (100ug/ml), 100 ng/ml human recombinant SCF and 100 hghmman
recombinant IL-6 (R&D Systems, Minneapolis, MN),cept for the initial week of culture,
when 30 ng/ml human recombinant IL-3 (PeproTechg¢kiroHill, NJ) was also present, as
describef’. Cells were used for experiments by 6 to 8 weekenw99% of cells were
identifiable as FeRI'/KIT* MCs. LAD2 cells were maintained in complete SteoaB4 SFM
Complete Medium supplemented with 100 ng/ml hunemombinant SCF, L-glutamine (2 mM),
penicillin (100 IU/ml) and streptomycin (100 mg/na} previously describ&d For activation,
HuMCs and LAD2 cells were sensitized overnight vidtbtinylated IgE (0.1 pg/ml), washed and

the IgE-bound F«RI crosslinked with 100 ng/ml streptavidin (SA) tbe indicated times.

Antibodies and Recombinant proteins. Antibodies against DJ-1 (sc-27006) and Lyn (sc-15)
were from Santa Cruz Biotechnology (Dallas, TX) arsed at a dilution of 1:1,000 for western
blotting. Antibodies against oxidized DJ-1 (Cys10@JABN1773, diluted to 1:200) and
phosphotyrosine (pY) residues (05-321, diluted:igQD0) were from EMD Millipore (Billerica,
MA). Anti- phospho-Syk (Tyr525/526) (#2711), phaspLAT (Tyr191) (#3584), phospho-Akt
(Thr308) (#9275), phospho-SAPK/INK (Thrl83/Tyr188)9251), phospho-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204) (#9101), phospho-PUC(Y783) (#2821) and Flotillin-1 (#3253)

antibodies were from Cell Signaling Technology (Bey, MA) and diluted to 1:2,000 for



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Kim et aB

western blotting, except for anti-flotillin whichas diluted to 1:1,000. Antig-actin (A5316),
used as loading control at 1:5,000 dilution, wacpased from Sigma-Aldrich (St Louis, MO).
For immunoprecipitations, antibodies anti-Lyn (&*4), Fyn (sc28791), Syk (sc-929), and
SHP-1 (sc287) were from Santa Cruz Biotechnology; anti-Fgr (sc-17) was from Cell Signaling
Technology and anti-SHP2 (ab32083) from Abcam (Gaigk, Mass). For confocal microscopy
anti-Lyn antibody (628102; diluted to 1:1,000) was purchased from BioLegend (San Diego,
Calif); anti-DJ-1 (sc-32874 diluted to 1:1,000) from Santa (Bigtechnology and anti-oxDJ-1
(Cys106) (HCAO024, diluted to 1:500) from BRwed (formerly AbD Serotec; Raleigh, NC).
Recombinant human Lyn, Fyn, Syk and recombinantsaduyn proteins for dot blots were from
EMD Millipore. Human DJ-1 recombinant protein whem AnaSpec (San Jose, CA) and

mouse DJ-1, Fyn, Syk recombinant proteins from My&iurce (San Diego, CA).

Knockdown of DJ-1 by sh-RNA. Non-target control vector (SHC002) or DJ-1-targetbdrt
hairpin RNAs (sh-RNAs) (TRCN0000004921) were pusgth from Sigma-Aldrich (Sigma-
Aldrich, St. Louis, MO). This DJ-1 sh-RNA construatas selected among other available
constructs (TRCN0000004918, TRCN0000004919 and TBIDR004920) for its consistency in
silencing DJ-1 in HuMCs and LAD2 cells, althougheyhall reduced DJ-1 expression
(Supplementary Figure 2). The Mission Lentiviralckaging mix (Sigma-Aldrich) and the
pLKOZ1 vectors with sh-DJ-1 or control sh-RNA (3.g) were cotransfected into 293T cells (4 x
10° cells) with FUGENES transfection reagent (Rocheljdnapolis, Ind) in Opti-MEM and the
viral particles were collected by centrifugation describef®. The resulting pellet was
resuspended in 3 ml of pre-warmed complete Stemfaaium (Invitrogen) and 0.5 to 1.0 ml of

this volume transferred to a T25 culture flask edring 1 to 2 x 1®HuUMC or LAD2 in 10 ml
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of complete StemPro medium. Two days after transalyccells were placed in fresh complete
media for two additional days. Transduced cellsensglected in media containing @g/ml
puromycin (Sigma-Aldrich) for 5 days. After a reeoy period of 2 days, the cells were used for
experiment. Most experiments were also repeateztlis using DJ-1 sh-RNA knockdown 3-4

days after transduction without puromycin selectoth very similar results (not shown).

Measurement of ROS and DJ-1 levels. Intracellular ROS levels were measured with the
OxiSelect™ Intracellular ROS Assay kit (Cell Biotgtnc., San Diego, CA). HUMCs (2x10
cells/1.5 ml) and LAD2 (2x10cells/1.5 ml) cells were sensitized overnight wlibtinylated
IgE (0.1 pg/ml), washed and the IgE-boundMccrosslinked with 100 ng/ml streptavidin (SA)
for various time periods. Cells were incubate@#tC with 2’, 7’-dichlorofluorescin diacetate
(DCFH-DA) (20 uM) for the last 15 min of stimulation with SA andOR was quantified as
describef*. For cell imaging of intracellular ROS, dichlonadrescein-loaded cells treated as
above were fixed in 4% formaldehyde for 10 min.sbme experiments, cells were pretreated
with the antioxidant TEMPO (30puM) for 10 min befastmulation with SA. Confocal images
were obtained in a Leica SP5 X confocal laser scgnmicroscope with an Apochromat 60x
objective (Leica Microsystems, Buffalo Grove, IL).

For DJ-1 measurements, HUMCs or LAD2 (5%tells/1.0 ml) cells were sensitized with IgE
and stimulated with SA as described above. Aliguaftshe supernatants were taken at the
indicated times and DJ-1 measured by ELISA (R&Dt&ys). Alternatively, supernatants were
concentrated to 10 pl by ultrafiltration (Amiconttdl4 Centrifugal Filter Units; 10 kDa) (EMD

Millipore; Billerica, MA), the proteins solubilizedith 2X SDS sample buffer and separated by
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SDS-PAGE using 4-12% gels. For detection of irglatar DJ-1 and oxidized DJ-1, cells were

lysed in 200 ul of lysis buffer and 10 pl per saenpsed for Western blot determinations.

M easurement of DJ-1 mRNA. Total cellular RNA was extracted from 5Xlls using an
RNeasy Plus Mini kit (Qiagen, Valencia, CA). A ¢ gliquot of RNA, was reverse-transcribed
using SuperScript Il reverse transcriptase (llmgan Life Technologies, Carlsbad, CA).
Quantitative PCR was executed in 96-well plateagugiBl Prism 7500 Real Time PCR system
(Foster City, CA) and TagMan gene expression aseay3J-1 (AlVI5SHL) and GAPDH as the
endogenous control gene (Assay ID: Hs99999905 mifbE) Technologies, Grand Island, NY)

was used for normalization.

Immunoprecipitation and Western blotting analysis. IgE-primed HuUMCs and LAD2 cells
were stimulated with SA in HEPES-BSA buffer (10 mithdHEPES [pH 7.4], 137 mmol/L
NaCl, 2.7 mmol/L KCI, 0.4 mmol/L N&PQO,.7H,O, 5.6 mmol/L glucose, 1.8 mmol/L
CaCh-2H,0, 1.3 mmol/L MgS@ 7H,O and 0.04% BSA) fod, 3, 7, and 15 min, or as indicated
in the figure legends, washed twice with 1x PBS| Bsed on ice with lysis buffer containing
150 mM NaCl, 10 mM Tris-HCI (pH 8.0), 1 mM EDTA, M NagV0O,, 0.5 mM PMSF, 5
mg/ml aprotinin, 5 mg/ml leupeptin, complete praanhibitor cocktail (Roche, Indianapolis,
IN) and 1% NP-40 for 15 min. Samples were thenfadd at 13,000 g for 5 min at 4°C. Protein
content in the lysates was determined using a Brddissay (Bio-Rad, Hercules, CA) and equal
amounts of protein (1 mg in ml lysis buffer) wersed for the immunoprecipitation of the
indicated tyrosine kinases and Src kinases. g&dités were incubated at 4°C with the indicated

specific antibodies with gentle rocking for 4h ath@ immunocomplexes were captured with
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protein A/G—agarose overnight at 4°C. The agaresel® were washed five times with washing
buffer (lysis buffer diluted 1:10 in PBS [pH 7.4fgsuspended in 2X Laemmli buffer, and then
boiled for 10 min.

For western blotting analysis, equal amounts ofging (20 pg) were separated by SDS-PAGE
using 4-12% gels and then transferred onto nitholose membranes. The membranes were
blocked with 5% BSA in Tris-buffered saline for 1dnd then incubated with specific primary

antibodies overnight at 4°C. Immunoreactive bandsevdetected using infrared dye-conjugated
secondary antibodies conjugated (DR Biosciences; Lincoln, NE, USA) (1:20,000) and

imaged and quantified using an Odyssey imager (QR@iosciences).

Measurement of phosphatase activity of SHP-1 and SHP-2. SHP-1 and SHP-2 were
immunoprecipitated from SA-stimulated LAD2 cells HEPES-BSA buffer for 7 min. SHP-1
and SHP-2 phosphatase activities in the immunopitatés were measured using a Duoset IC
Phosphatase Assay (R&D Systems, Minneapolis, Mimn)determining the amount of free
phosphate after incubation with a synthetic phoppbtide substrate for 30 min following

manufacturer’s protocol.

In vitro kinase assay. Immunoprecipitates of Lyn, Fyn, Fgr or Syk from Ig mvhole-cell

lysates were assayed for kinase activity by usiiegELISA-based Universal Tyrosine Kinase
Assay Kit (Gen Way, San Diego, Calif) accordindgite manufacturer’s instructions. One unit of
tyrosine kinase represents incorporation of 1 pofgbhosphate into the substrate (a p34cdc2

peptide fragment of about 6-20 aminoacids) per teinu
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Dot blots. Recombinant Lyn, Fyn, and Syk were dotted on ngilatose membranes (0.46n
pore size; Invitrogen). The membranes were block#kd TBST (150 mM NaCl, 25 mM Tris
[pH 7.5], 0.05% Tween 20) containing 5% BSA for athroom temperature. Recombinant DJ-1
was diluted in TBST plus 0.05% BSA and incubatethviihe membrane for 1 h to allow for
recognition of the spotted proteins. After wash{tilgee times in TBST plus 0.1% milk), the
membrane was incubated with anti-DJ-1 antibody mght at 4°C. The membranes were
detected by LI-COR Odyssey using IR-conjugated rs@axy antibodies. Oxidized recombinant
DJ-1 was prepared by incubating recombinant DJth WO, for 30 min and then removing
H,O, by ultrafiltration (Amicon Ultra-4 Centrifugal Fér Units; 10 kDa) (EMD Millipore;

Billerica, MA).

Confocal microscopy. Non-stimulated and SA-stimulated HUMC and LAD2 sellere seeded
into 8-well Lab-Tek chamber slides at a cell dgnsft3 x 1¢ cells/well, and centrifuged at 600
rpm for 5 min. After washing with PBS, HUMCs or LRzells were fixed with 4%
formaldehyde in PBS for 10 min, washed with PB3 parmeabilized with 0.1% Triton X-100
for 10 min. Fixed cells were incubated with 1% BBAPBS for 60 min at room temperature and
then overnight at 4°C with antibodies against Lyd;1, or oxidized-DJ-1 with gentle rocking.
Cells were washed five times and then incubate&®amin with Alexa Fluor® 594—conjugated
goat anti-mouse IgG to detect Lyn or oxidized-Datlwith Alexa Fluor® 488—conjugated
Donkey anti-Rabbit IgG to detect DJ-1. The slideserthen mounted with ProLonged Antifade
Kit mounting solution (Molecular Probes) and cordoicnages were obtained with a Leica SP5

X confocal laser scanning microscope (Apochromat @fjective lens) (Leica Microsystems)
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within the Biological Imaging Section of the Res#ail echnologies Branch, National Institute

of Allergy and Infectious Diseases, National Ingés of Health,

Isolation of detergent-resistant membranes. LAD2 cells treated as indicated in the legends to
figures were washed twice with ice-cold PBS anedym ice-cold PBS containing 1% Triton X-
100 and protease inhibitors (1 mM phenylmethylsufdluoride, 1 mg/ml leupeptin, 1 mg/mi
aprotinin and 1 mM EDTA) for 20 min. The lysatesre centrifuged at 16,600 g for 10 min at
4°C and the corresponding supernatants were ussalw#se fractions. The pellets were washed
with ice-cold PBS buffer, solubilized with 1x samfuffer and used as insoluble fraction.

For sucrose density gradient centrifugation frawiimn analysis LAD2 cells (2.0 x )0Owere
washed twice with ice-cold PBS and lysed in 2 mI'NE buffer (50 mM tris-HCI [pH 7.4], 150
mM NaCl, 1 mM EDTA, 50 mM NaF, 2.5 mM sodium pyra@dphate, 1 mM sodium
orthovanadate, 1 mM phenylmethylsulfonyl fluorideupeptin (1 mg/ml), and aprotinin (1
mg/ml)) containing 0.5% Brij 58 for 30 min on ideysates were mixed with an equal volume of
80% (w/v) sucrose in TNE buffer. A sucrose gradias prepared by the sequential addition of
1.5 ml of 80% sucrose, 2 ml of a 1:1 mixture of 8@¥Ucrose and cell lysate, 4 ml of 35%
sucrose, and finally 4 ml of 5% sucrose, which wacessed by ultracentrifugation at 270,000g
for 18 h at 4°C. One-milliliter fractions (for atéb of 12 fractions) were collected from the top to

the bottom of the gradient for Western blot analysi

Statistical analysis. Data were expressed as mean + SEM of values frorm®re independent
experiments. 1-way ANOVA was used to determinasiteally significant differences between
groups using Prism 6 software (Graph Pad Softw&an Diego, CA, USA). Statistical

significance was indicated as follows: *P <0.05 &tfél <0.01.
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1. Crosslinking of FceRl in LAD2 cels induces early ROS
production and DJ-1 oxidation followed by DJ-1 release into the extracellular space. (A)
Changes in intracellular ROS and release of DJit the extracellular media following
stimulation with 100 ng/ml streptavidin (SA) of lgfensitized LAD2 cells. (B) Immunoblots
showing changes in total DJ-1 and oxidized DJ-1Qg$106) inside cells or secreted to the
media, as indicated. Quantification of blots iswh as bar graphs representing the average of 3
independent experiments. As in Fig. 1, the loadadumts of lysates (intracellular DJ-1) and of
supernatants (extracellular) are not equivaleripar cell” basis, being the latter 5 times more
concentrated than those for the intracellular (eethods). (C) Changes in the expression of DJ-
1 mRNA after treatment of LAD2 cells with 100 ng/8A for the indicated times. (D) Confocal
microscopic analysis of the intracellular localieat of DJ-1 and oxidized DJ-1 in non-
stimulated or SA-stimulated LAD2 cells for 0, 100,6and 240 min. Data are from a

representative experiment of three independentrexpats.

Supplementary Figure 2. Validation of DJ-1 Silencingin LAD-2 cells. (A,B) DJ-1 protein (A)
and mRNA expression (B) levels in LAD2 cells tramseld with four different lentiviral DJ-1
shRNA or non-target shRNA were analyzed by Wedtdshand gRT-PCR, respectively. (C) c-
KIT and FeRI expression in DJ-1 shRNA and control-transduca®? cells. FeRI and KIT

expression were determined by FACS. Data are reptave of three experiments.
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Supplementary Figure 3. DJ-1 is required for normal LAD2 responses to FceRI
crosslinking by a mechanism mostly independent of ROS increases. (A,B) Effect of DJ-1
knockdown (empty circles) in LAD2 degranulation uceéd by SA (A) or the indicated
concentrations of thapsigargin, complement compb8ar{C3a) and Compound 48/80 (B). (A)
IgE-sensitized LAD2 cells were stimulated with waris concentrations of SA in media with (red
lines) or without (blue line) 100 ng/ml SCF. Degrtation was measured @shexosaminidase
activity released into the extracellular mediumeaf80 min of stimulation and expressed as
percentage of the total cellulrhexosaminidase activity. (C,D) Effect of DJ-1 kkdown
(empty circles) in the production of PGihduced by SA (C, left panel) or by thapsigard) (
right panel) and in the production of the cytokB®ICSF (D) induced by SA in LAD2 cells. (E)
IgE-sensitized LAD2 cells were pretreated with 3@00 pmol/L of the antioxidant TEMPO for
10 min and then incubated with or without the iadieci concentrations of SA. The extent of
degranulation after 30 min (left panels), and redeaf PGD (middle panels) and GM-CSF (right
panels) after 6 hours were determined as in A-DR@presentative confocal microscopy images
showing the intracellular ROS levels in control dxdt1 knockdown LAD2 cells pretreated or
not with 30 pmol/L TEMPO for 10 min prior to SA mtitlation (100 ng/ml) for 30 min. Right
panels show determinations of ROS levels in LADIB@dter pretreatment with 30, 100 and 300
pmol/L TEMPO 10 min before stimulation with the icated concentrations of SA. All values

are means £ SEM from 3 independent experiments. 85, **P < 0.01.

Supplementary Figure 4. DJ-1 knockdown reduced Lyn activity in primary human mast
cells, and this effect isonly partially restored by increased ROS. (A) HUMCs cells transduced

with lentiviral DJ-1 shRNA or non-target (NT) shRN#ere sensitized with IgE and stimulated
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with 100 ng/ml SA for the indicated times. (B) Caitor DJ-1 shRNA-silenced HUMCs cells
were stimulated with SA for 10 min in the absenceé presence of 30 (left panel) or 100 pmol/L
TEMPO (right panel) for 10 min before SA stimulatid_yn was immunoprecipitated from the
indicated cell lysates and Lyn activity was meagungth an ELISA-based Tyrosine Kinase

Assay Kit. All values are means £+ SEM from 3 ind&gient experiments. *P < 0.05, **P < 0.01.

Supplementary Figure 5. Mouse DJ-1, unlike the human homologs, does not interact with
Lyn. (A) Recombinant mouse Lyn and recombinant mousé Bd-not show direct interaction.
Various amounts of mouse recombinant Lyn, Fyn aykl &d DJ-1 were immobilized on a
nitrocellulose membrane as indicated. Membrane weubated with a solution of mouse
recombinant DJ-1 (left) or mouse recombinant Lyighf) at a concentration of 100 mg/ml.
Interaction between the dotted protein and thegmmah solution were revealed using antibodies
against DJ-1 or anti-Lyn as indicated. (B,C) Daitbldemonstrating lack of interaction between

mouse DJ-1 and human Lyn (B) or between human &ddlmouse Lyn (C).

Supplementary Figure 6. (A) DJ-1 knockdown does not affect Cbp phosphorylation or
association with Lyn but markedly reduced total tyrosine phosphorylation of Lyn and
associated FceRI. LAD2 cells transduced with lentiviral DJ-1 shRNA oon-target (NT)
shRNA were stimulated with 100 ng/ml SA for theigaded times. Lyn was immunoprecipitated
and Lyn phosphorylation as well as associated @lobFay subunits were analyzed by Western
blotting with antibodies specific for the indicatpdoteins. Quantification of phospho-Lyn and

Lyn for the indicated fractions and treatmentshisven as bar graphs. Data represents means *
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SEM from 2 independent experiments. **P < 0.01. Eirified DJ-1 enhances activity of
recombinant purified Lyn. Human recombinant Lyn (100 ng) was incubated wishious
amounts of purified human recombinant DJ-1 or hume@ombinant oxidized DJ-1 protein (OX-
DJ-1) for 30 min, and Lyn activity measured withBnlSA-based Tyrosine Kinase Assay Kit.
(C) DJ-1 is phosphorylated in tyrosine after activation of FceRl. DJ-1 was
immunoprecipitated from IgE-sensitized LAD2 celledastimulated 100 ng/ml SA for the
indicated times. Tyrosine phosphorylation of Diithe immunoprecipitates was assessed by
Western blotting using a phospho-tyrosine speaifitbody. The values are means = SEM from

3 independent experiments. *P < 0.05.
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