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We previously described a non-classical mechanism that
arrests Fc�RIIa signaling inhumanneutrophils once engagedby
immune complexes or opsonizedpathogens.The engagement of
Fc�RIIa leads to its ubiquitination by the ubiquitin ligase c-Cbl
and degradation by the proteasome. Herein, we further exam-
ined someof the events regulating this novel pathway.The adap-
tor protein CIN85was described in other systems to be involved
in the regulation of the c-Cbl-dependent pathway. We found
that CIN85 is expressed in human neutrophils and that it trans-
locates like c-Cbl from the cytosol to the plasmamembrane fol-
lowing receptor cross-linking. CIN85 was also recruited to the
same subset of high density detergent-resistantmembrane frac-
tions in which stimulated Fc�RIIa partitioned with c-Cbl. The
integrity of these microdomains is essential to the Fc�RIIa deg-
radation process because the cholesterol-depleting agent meth-
yl-�-cyclodextrin inhibits this event. Silencing the expression of
CIN85 by siRNA in dibutyryl cyclic AMP-differentiated PLB
985 cells prevented Fc�RIIa degradation and increased IgG-me-
diated phagocytosis. Confocal microscopy revealed that the
presence of CIN85 is essential to the proper sorting of Fc�RIIa
during endocytosis.We also provide direct evidence that CIN85
is a substrate of serine/threonine kinase PKCs. Classical PKCs
positively regulate Fc�RIIa ubiquitination and degradation
because these events were inhibited by Gö6976, a classical PKC
inhibitor.We conclude that the ubiquitination and degradation
of stimulated Fc�RIIa mediated by c-Cbl are positively regu-
lated by the adaptor proteinCIN85 in aPKC-dependentmanner
and that these events contribute to the termination of Fc�RIIa
signaling.

Fc� receptors (Fc�Rs)3 represent a family of membrane pro-
teins involved in the recognition of the Fc portion of immuno-

globulin G. They act as sensors for opsonized pathogens or
immune complexes, and their engagement initiates intracellu-
lar signals that lead to multiple cell functions, such as degranu-
lation, activation of the respiratory burst, and phagocytosis
(1–3). Fc�R isoforms either express an immunoreceptor tyro-
sine-based activating motif (ITAM) in their intracellular por-
tion or associate with ITAM-containing accessory proteins
with the exception of Fc�RIIb, the unique inhibitorymember of
the Fc�R family that transmits inhibitory signals through an
immunoreceptor tyrosine-based inhibition motif (ITIM) (4, 5).
In the case of antibody-mediated responses, such as IgG-de-
pendent phagocytosis, neutrophils and other immune effec-
tors, such as macrophages, have the capacity to trigger strong
proinflammatory responses, which must be tightly controlled.
On human neutrophils, only two Fc�Rs, namely Fc�RIIa
(CD32a) and Fc�RIIIb (CD16b), are constitutively expressed,
neither of which possess an ITIM. The available data indicate
that in contrast to other human phagocytes, including macro-
phages, human neutrophils express very little (6) or no (7)
Fc�RIIb.
Several lines of evidence indicate that Fc�RIIa is directly

involved in the phagocytic process (8–10). The structure of
Fc�RIIa is unique among Fc�Rs in that it contains a single
transmembrane domain, two extracellular immunoglobulin
domains, and a short cytoplasmic segment with an ITAM in
which the signature tyrosines are 12 amino acids apart rather
than 8 as in canonical ITAMs (11, 12). It should be noted that
this receptor is not expressed in mice, precluding the use of
murine models to directly study its function and regulation.
We recently described a novel mechanism involved in the

down-regulation of Fc�RIIa expression and function, namely
the c-Cbl-dependent proteasomal degradation of Fc�RIIa (13).
This event appears to be essential tomaintaining a homeostatic
regulation of immunity because disruption ofmechanisms con-
trolling Fc�Rs contributes to autoimmune diseases (14). In
rheumatoid arthritis (15), the activation of Fc�Rs on neutro-
phils by IgG-containing immune complexes plays an important
role in the chronicity and the severity of the disease, leading to
exacerbated inflammation and joint destruction. Furthermore,
in rheumatoid arthritis and in systemic lupus erythematosus
(16), the efficiency of anti-TNF therapy (17) or methotrexate
treatment (18) is related to a loss of function of Fc�RIIa. Thus,
understanding the mechanism of activation of neutrophils via
Fc�RIIa at themolecular level is clearly important for the devel-
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opment of strategies aimed at modulating their involvement in
host defense as well as in chronic inflammation.
The earliest events following the cross-linking of Fc�RIIa on

human neutrophils include the translocation of the receptor to
detergent-resistant membrane domains (DRMs) (13, 19, 20)
that act as signaling platforms (21–23) and an enhancement of
the tyrosine phosphorylation profile of the activated neutrophil
(19, 20, 24). Among the tyrosine-phosphorylated substrates,
the rapid and transient tyrosine phosphorylation of the Fc�RIIa
itself (8, 25) has been described. Our previous studies have
shown that cross-linking of Fc�RIIa on human neutrophils led
to a rapid Src-dependent loss of immunoreactivity of the frac-
tion of the receptor that translocates to DRMs (20, 26).We also
investigated the biological and biochemical basis of the loss of
this subpopulation of Fc�RIIa in human neutrophils as well as
its functional impact. In human neutrophils, c-Cbl is rapidly
phosphorylated following the cross-linking of Fc�RIIa (27).
The tyrosine phosphorylation of c-Cbl plays a critical role in the
regulation of its ubiquitin ligase activity (28, 29). We also
showed that, in human neutrophils, Fc�RIIa is ubiquitinated by
c-Cbl, leading to the down-regulation of its surface expression,
function, and degradation probably via the proteasomal path-
way (13). We proposed that this stimulated degradation repre-
sents a non-ITIM-dependent termination step following the
engagement of the Fc�RIIa and could play an important role
in the regulation of the activation of Fc�RIIa in human
neutrophils.
The three homologues of the Cbl family (c-Cbl, Cbl-b, and

Cbl-3) were initially described as adaptor proteins because they
can interact via their tyrosine kinase-binding domains with
numerous signaling proteins (30). More recently, these pro-
teins were described to possess ubiquitin ligase (E3) activity
that is mediated through their RING finger domain. Hence,
they can negatively regulate signaling by directing the ubiquiti-
nation and the degradation of activated receptors (31). Because
these regulatory processes are based on the assembly of signal-
ing complexes of multiple types of proteins, adaptor proteins
are required to stabilize the proteinmodules. The Cbl-interact-
ing protein of 85 kDa (CIN85) was described to interact with
c-Cbl (32). Its protein domains, three Src homology 3 domains,
andmultiple proline-rich domains confer the capacity to bind a
variety of proteins (33, 34). Furthermore, a coiled-coil domain
permits the recruitment of CIN85 to cellular membranes
through its affinity to phosphatidic acid (32, 35). As illustrated
by the CIN85 interactome, the majority of partners are local-
ized or dynamically recruited to plasma membranes and/or
associated with the cytoskeleton (36). These properties suggest
that CIN85 could play a major role in functions that require
membrane remodeling by participating in the formation of effi-
cient signaling complexes. CIN85 was previously described to
be essential for the internalization of EGF receptors. CIN85 not
only stabilizes the interaction between c-Cbl and the EGF
receptor but also acts as a linker between the receptor complex
and the endocytic machinery (reviewed in Ref. 33).
In this study, we describe a novel regulatory pathway that

controls the activity of the ubiquitin ligase c-Cbl in Fc�RIIa-de-
pendent responses in human neutrophils. We describe for the
first time the presence of the adaptor protein CIN85 in this cell,

and we provide evidence that CIN85 is essential for the ubiq-
uitination and the degradation steps of Fc�RIIa. The engage-
ment of Fc�RIIa leads to the serine phosphorylation of CIN85
by a member of the PKC family. This novel signaling pathway
regulates the ubiquitination of Fc�RIIa by the ubiquitin ligase
c-Cbl, leading to the down-regulation of the receptor.

EXPERIMENTAL PROCEDURES

Antibodies

Two different antibodies against Fc�RIIa were used in this
study. (i) The monoclonal antibody, IV.3, was purified from
ascites ofmice inoculatedwith the hybridomaHB-217 obtained
from the American Type Culture Collection (Manassas, VA).
This antibody recognizes a native extracellular epitope of
Fc�RIIa. It was used for all of the cross-linking experiments.
Confocalmicroscopy experimentswere performedwith phyco-
erythrin-conjugated IV.3 (catalogue no. IM1935) from Beck-
man Coulter (Mississauga, Canada). (ii) The CT10 antibody is
an IgG fraction of a polyclonal rabbit serum raised against the
cytoplasmic domain of Fc�RIIa previously described by Ibar-
rola et al. (37). It was used for immunoblotting.
Three different antibodies against CIN85 were used. The

monoclonal mouse anti-CIN85 antibody (catalogue no.
05-731) purchased from Millipore (Billerica, MA) was used
for immunoprecipitation experiments. Immunoprecipitations
were analyzed by immunoblots using the polyclonal mouse
anti-CIN85 antibody (catalogue no. H00030011-B01) from
Abnova (Walnut, CA). For the other immunoblot analysis, we
used the polyclonal rabbit anti-CIN85 antibody (catalogue no.
sc-48746) from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
Goat anti-mouse F(ab�)2 (anti-Fc, catalogue no. 115-006-071

or anti-F(ab�)2 catalogue no. 115-006-072), FITC-conjugated
F(ab�)2 fragment goat anti-mouse IgG (Fc fragment-specific,
catalogue no. 115-096-071), and horseradish peroxidase-la-
beled donkey anti-rabbit IgGs (catalogue no. 711-035-152)
were purchased from Jackson ImmunoResearch Laboratories
(West Grove, PA). Horseradish peroxidase-labeled sheep anti-
mouse IgGs (catalogue no. NXA931) were obtained from GE
Healthcare. The anti-phosphotyrosine (4G10, catalogue no.
05-321) antibody was purchased from Upstate Biotechnology
(Lake Placid, NY), and the polyclonal rabbit anti-ubiquitin anti-
body (catalogue no. Z0458)was fromDakoCytomation (Missis-
sauga, Canada). Anti-c-Cbl (catalogue no. sc-170) was
purchased from Santa Cruz Biotechnology, Inc., and themono-
clonal anti-flotillin-1 (catalogue no. 610820) and anti-PKC�/�
(catalogue no. 610107) antibodies were from BD Transduction
Laboratories (Mississauga, Canada). The anti-phospho-(Ser)-
PKC substrate antibody (catalogue no. 2261)was obtained from
Cell Signaling (Danvers, MA).

Reagents

Sodium orthovanadate (Na3VO4), soybean trypsin inhibitor,
Bt2cAMP, PMSF, DMSO, methyl-�-cyclodextrin (m�CD),
OptiPrep density gradient medium, Triton X-100, and IgGs
from human serumwere obtained from Sigma-Aldrich Canada
(Oakville, Canada). Dextran T-500 was obtained fromU.S. Bio-
logical (Swampscott, MA). Percoll and Protein A-Sepharose
were purchased from GE Healthcare. CHAPS, aprotinin, and
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leupeptin were purchased from Roche Applied Science (Laval,
Canada). Western Lightning Chemiluminescence Plus was
obtained from PerkinElmer Life Sciences. Ficoll-Paque and
Hepes were obtained from Wisent (St-Bruno, Canada). Diiso-
propyl fluorophosphate (DFP) was purchased from Serva Elec-
trophoresis (Heidelberg, Germany). Gelatin was obtained from
Fisher. RPMI 1640, Alexa488-conjugated Zymosan A biopar-
ticles, calcein-AM, and IgG-free fetal bovine serum were
obtained from Invitrogen. Gö6976 was purchased fromCalbio-
chem. Calyculin was obtained from Biomol International
(Plymouth, PA), and phorbol 12-myristate 13-acetate was from
Enzo Life Sciences (Plymouth Meeting, PA).

siRNA

The CIN85 siRNA ON-TARGETplus SMARTpool (cata-
logue no. L-014748-00) and negative control (catalogue no.
D-001210-01) were purchased from Dharmacon Inc. (Lafay-
ette, CO).

Cells

Neutrophils were collected from healthy adult volunteers
and sterilely isolated as previously described (38). They were
resuspended in Mg2�-free HBSS containing 1.6 mM CaCl2.

The myeloid cell line PLB-985 obtained from the German
Collection of Microorganisms and Cell Cultures (DSMZ), was
cultured in RPMI 1640 medium containing 10% FBS, 10 mM

Hepes, 1 mM sodium pyruvate at 37 °C in a 5% CO2 humidified
atmosphere. The cells were maintained in culture for 12 pas-
sages before new batches were thawed. To induce differentia-
tion to a neutrophil-like phenotype, PLB-985 cells were cul-
tured in medium supplemented with 0.3 mM Bt2cAMP for 3
days before each experiment.

Transfection of Bt2cAMP-differentiated PLB-985 Cells

The day following the initiation of differentiation by the
addition of Bt2cAMP (0.3 mM), PLB-985 cells were transiently
transfected using the Nucleofector system fromAmaxa Biosys-
tems. After centrifugation, 2 � 106 cells were suspended in 100
�l of nucleofection buffer (25mMHepes, pH 7.4, 120mMKCl, 2
mM MgCl2, 10 mM K2HPO4, 5 mM L-cysteine) containing 3 �g
of siRNA.The sampleswere transferred into an electroporation
cuvette, and transfections were performed with the program
setting U-002. After nucleofection, the cells were immediately
gently transferred into prewarmed complete RPMI 1640
medium containing 0.3 mM Bt2cAMP, 10% FBS, 10 mM Hepes,
1 mM sodium pyruvate and maintained at 37 °C in a 5% CO2
humidified atmosphere. Two days after nucleofection, cells
were harvested and resuspended in Mg2�-free HBSS contain-
ing 1.6 mM CaCl2 for analysis.

Cell Stimulation

Freshly purified human neutrophils or PLB-985 cells were
suspended inHBSS at 20� 106 cells/ml except when indicated.
The cells were then incubated with the IV.3 antibody (1 �g/ml
for 20 � 106 cells/ml) for 5 min followed by cross-linking with
the goat anti-mouse F(ab�)2 anti-Fc (25�g/ml) antibody for the
times and temperatures indicated in the figure legends. For the
negative control, cells were incubated in HBSS. For the immu-

noprecipitation experiments, see “Immunoprecipitation.” The
stimulations were stopped at the indicated times by transfer-
ring aliquots of the cell suspensions directly in the same volume
of 2� boiling modified Laemmli’s sample buffer (composition
of 1�: 62.5 mM Tris-HCl (pH 6.8), 4% (w/v) SDS, 5% (v/v)
�-mercaptoethanol, 8.5% (v/v) glycerol, 2.5 mM orthovanadate,
10 mM para-nitrophenylphosphate, 10 �g/ml leupeptin, 10
�g/ml aprotinin, and 0.025% bromphenol blue) and boiled for 7
min.Where indicated, cells were incubatedwithGö6976 (1�M)
for 10 min before the addition of the IV.3 antibody. For choles-
terol depletion essays, neutrophils were preincubated with 10
mM m�CD for 15 min before the stimulation.

Immunoprecipitation

Fc�RIIa—Neutrophils (20 � 106 cells/ml, 1 ml for each
immunoprecipitation) were preincubated with 1 mM DFP for
10 min at room temperature and in the presence or absence of
Gö6976 (1 �M) for a further 10 min prior to Fc�RIIa cross-
linking at room temperature. A goat anti-mouse F(ab�)2 anti-
F(ab�)2 was used for the cross-linking of Fc�RIIa in order to
leave the Fc portion of IV.3 free. The stimulations were stopped
by transferring the tubes containing the cells to an ice bath,
following which the neutrophils were quickly centrifuged (10 s
at 15 000� g). The cell pellets were lysed by adding 1ml of cold
lysis buffer (20mMHepes, pH 7.4, 137.2 mMNaCl, 1% Triton, 2
mM orthovanadate, 10 �g/ml leupeptin, 10 �g/ml aprotinin, 3
mMDFP) for 2min on ice. The cell lysates were sonicated on ice
for 2 s at power level 1 in a Branson Sonifier 450 sonicator, and
the insoluble material was discarded by two successive centrif-
ugations at 400� g for 2 min at 4 °C. The supernatants (700 �l)
were then collected, and Fc�RIIa bound to IV.3 was immuno-
precipitated by adding protein A-Sepharose beads for 2 h at
4 °C. The beads were then collected and washed three times
with cold lysis buffer, and 50 �l of Laemmli’s sample buffer was
added prior to boiling for 7 min.
CIN85—Neutrophils (20� 106 cells/ml, 1ml for each immu-

noprecipitation) were preincubated with 1 mM DFP for 10 min
at room temperature, and Fc�RIIa was cross-linked using the
F(ab�)2 IV.3 (0.5 �g/ml for 20 � 106 cells/ml) and a goat anti-
mouse F(ab�)2 anti-F(ab�)2 (25�g/ml) antibody. The cell pellets
were lysed in 1 ml of CHAPS buffer (10 mM Tris-HCl, 140 mM

NaCl, 1mMEDTA, 0,6%CHAPS, 10�g/ml aprotinin, 10�g/ml
leupeptin, 2 mM sodium orthovanadate, 250 �g/ml soybean
trypsin inhibitor, 3 mMDFP, 1 mM PMSF) for 9 min on ice, and
the insoluble material was discarded by two successive centrif-
ugations at 400� g for 2 min at 4 °C. The supernatants (700 �l)
were then collected, and the anti-CIN85 antibody from Milli-
pore (1 �g/condition) was added for 2 h at 4 °C. CIN85 was
immunoprecipitated by adding protein A-Sepharose beads for
1 h at 4 °C. The beads were then collected and washed three
times with cold lysis buffer, and 50 �l of Laemmli’s sample
buffer was added prior to boiling for 7 min.

Plasma Membrane Isolation

One ml of cell suspension (40 � 106 cells/ml) was preincu-
bated with 1 mM DFP for 10 min, followed by Fc�RIIa cross-
linking at room temperature. The tubes containing the stimu-
lated cells were transferred to an ice bath to stop the
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stimulations. The cells were then quickly centrifuged (15,000�
g) and resuspended in modified relaxation buffer (100 mM KCl,
3mMNaCl, 10mMHepes, pH7.4, 10�g/ml aprotinin, 10�g/ml
leupeptin, 2 mM sodium orthovanadate, 250 �g/ml soybean
trypsin inhibitor, 1 mM PMSF, 3 mM DFP). In the PKC translo-
cation experiments, 0.5mMEGTAand 1mMMgCl2were added
in the relaxation buffer. The cells were sonicated on ice for 22 s
at power level 1 in a Branson Sonifier 450 sonicator, and the
lysates were centrifuged at 400 � g for 2 min. The supernatants
(900 �l) were added to the top of a two-step Percoll gradient
composed of an equal volume (1.4 ml) of a 1.12 g/ml Percoll
solution layered beneath a 1.05 g/ml Percoll solution, as
described previously by Kjeldsen et al. (39). The Percoll gradi-
ents were centrifuged for 30 min at 37,000 � g at 4 °C in a fixed
angle rotor (Beckman TLA100.4). The plasmamembranes par-
titioned to the upper portion of the gradient underneath the
cytosol fractions. An aliquot of the cytosolic fractions was col-
lected and boiled for 7 min in Laemmli’s buffer. The plasma
membrane fractions were collected and centrifuged at
100,000 � g for 45 min at 4 °C to remove the Percoll. Plasma
membranes formed a visible disc above the Percoll pellet. They
were collected, resuspended in relaxation buffer, and stored at
�80 °C. An aliquot was boiled for 3min in Laemmli’s buffer for
immunoblot analysis.

Isolation of DRMs

Isolated plasma membranes from control or Fc�RIIa-cross-
linked neutrophils (40 � 106 cell equivalents/ml) were solubi-
lized in 1% Nonidet P-40 buffer (137 mM NaCl, 20 mM Hepes,
pH 7.4, 10 �g/ml aprotinin, 10 �g/ml leupeptin, 2 mM sodium
orthovanadate, 250 �g/ml soybean trypsin inhibitor, 1 mM

PMSF, 3 mM DPF) for 20 min on ice. Solubilized membranes
were adjusted to 40% (v/v) OptiPrep with a stock solution of
59.4% OptiPrep in 10 mM Hepes (pH 7.4), and 700 �l of this
plasma membrane preparation was transferred to 4-ml centri-
fuge tubes and overlaid with 700 �l of ice-cold solutions of 35,
30, 25, 20, and 0% OptiPrep successively. The gradients were
centrifuged at 380,000 � g for 3 h at 4 °C in a TLA 100.4 rotor.
Thirteen fractions of 300 �l were collected from the top of the
gradient, and proteins were chloroform/methanol-precipitated
as described previously (40). The precipitates were resus-
pended in 60 �l of Laemmli’s buffer and boiled for 7 min.

Electrophoresis and Immunoblotting

Proteins were separated by SDS-PAGE on 10% acrylamide
gels and transferred to PVDF membranes. For the anti-ubiqui-
tin blots, the PVDFmembranes were boiled in water for 30min
following the transfer step (41). Blocking agents and antibodies
were diluted in aTBS-Tween solution (25mMTris-HCl, pH7.8,
190 mM NaCl, 0.15% (v/v) Tween 20). Blotto solution (5% w/v)
was used to block nonspecific sites prior to immunoblotting
with the anti-flotillin-1, anti-ubiquitin, anti-phospho-(Ser)-
PKC substrate, polyclonalmouse anti-CIN85, and anti-Fc�RIIa
(CT10 antibody) antibodies. Gelatin solution (2%, w/v) was
used to block nonspecific sites before anti-c-Cbl, anti-CIN85,
anti-PKC�/�, and anti-phosphotyrosine (4G10) immunoblot-
ting. Anti-ubiquitin and anti-phosphotyrosine antibodies were
diluted 1:4000; CT10 antibody, anti-c-Cbl, anti-CIN85, anti-

PKC�/�, and anti-flotillin antibodieswere diluted 1:1000.Anti-
phospho-(Ser)PKC substrate was diluted 1:500 with 5% BSA.
Polyclonal mouse anti-CIN85 antibody was diluted 1:2000 in
blotto solution (1%, w/v). Horseradish peroxidase-labeled don-
key anti-rabbit IgGs and sheep anti-mouse IgGs were diluted
1:20,000 in TBS-Tween solution. Chemiluminescence reagents
were used to detect antibodies within a maximal exposure time
of 5min. Equal protein loading was controlled by immunoblot-
ting against the structural protein flotillin-1 or c-Cbl.

Phagocytosis Assay

Alexa 488-conjugated zymosan A bioparticles were op-
sonized by incubation with 10 mg/ml human IgGs at 37 °C for
1 h and washed twice in HBSS as described (13). To initiate
phagocytosis, particles were added to transfected PLB-985
(10� 106 cells/ml preincubated as described in the correspond-
ing legend) at a ratio of 10:1. To synchronize the interaction
between the particles and the cells, themixture was centrifuged
at 400� g for 15 s prior to an incubation at 37 °C for 10min. To
quench the fluorescence of the non-ingested Alexa 488-conju-
gated zymosan, 2 mg/ml trypan blue in PBS was added 2 min
before flow cytometry analysis with a BD FACSCanto II flow
cytometer from BD Biosciences. A phagocytic index was calcu-
lated by multiplying the number of cells having internalized
particles by the mean fluorescence intensity, which corre-
sponds to themean number of particles inside each positive cell
(calibration: 10 units/zymosan particles).

Confocal Microscopy Analysis

Transfected Bt2cAMP-differentiated PLB-985 cells (20 �
106 cells/ml) were resuspended in RPMI supplemented with
10% IgG-free fetal bovine serum and prestained with 5 �g/ml
calcein-AM for 30min at 37 °C. The cells were centrifuged for 2
min at 1500� g at room temperature and plated on a glass slide
coated with IgG-free, 100% fetal bovine serum. This purified
serumwas used to avoid neutrophil activation by the glass slide
and Fc�Rs activation by serum IgGs. Neutrophils were stimu-
lated as described in the corresponding legend of Fig. 4 and
visualized live at 37 °C in an environment chamber with 5%
CO2 with a spinning disc confocal microscope using a �63
objective (Quorum Spinning DiscWave FX, QuorumTechnol-
ogies, Guelph, Canada).

Statistical Analysis

Statistical analyses were performed using Student’s paired t
test (two-tailed) with GraphPad Prism4 software. Significance
was considered to be attained at a value of p� 0.05 (*), p� 0.01
(**), or p � 0.001 (***).

RESULTS

Translocation of CIN85 to DRM-Hs of the Plasma Mem-
branes following Fc�RIIa Cross-linking—We have previously
shown that the ubiquitin ligase c-Cbl is recruited to the plasma
membrane following the engagement of Fc�RIIa in an Src-de-
pendent manner in human neutrophils (13). Because CIN85 is
described to be associatedwith the active formof c-Cbl in other
cellular models (32, 42, 43), we postulated that this adaptor
protein could also be recruited to plasma membranes in
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response to Fc�RIIa cross-linking and be involved in the
Fc�RIIa degradation pathway that we identified (13). Neutro-
phil plasma membranes from resting cells or Fc�RIIa-stimu-
lated cells were thus isolated as described under “Experimental
Procedures” and analyzed by immunoblotting for the presence
of CIN85 and flotillin-1 (a plasma membrane marker (44, 45)).
We first observed that CIN85 was expressed in human neutro-
phils and, in contrast to flotillin-1, was mostly present in the
cytosol of resting neutrophils (Fig. 1A). The addition of the IV.3
antibody alone did not induce any translocation ofCIN85 to the
plasma membrane (0 s of cross-linking time) (Fig. 1B). On the
other hand, we observed a rapid increase in the levels of CIN85
in the plasma membrane following Fc�RIIa cross-linking. This
responsewas observed as early as 10 s following stimulation and
was maintained up to 30 s. The anti-flotillin-1 immunoblots
indicated that equal amounts of membranes were loaded in
each lane. The same results were obtained in response to stim-
ulation of human neutrophils by heat-aggregated IgGs (data
not shown). These results indicate that CIN85, as c-Cbl, is

recruited to plasmamembranes in response to the cross-linking
of Fc�RIIa on human neutrophils.

Our previous studies provided evidence that Fc�RIIa and
c-Cbl were recruited to high density DRMs (DRM-Hs) of the
plasma membrane after cross-linking (13, 20). In the present
study, we used the same OptiPrep gradient conditions (20, 46)
to examine the distribution of CIN85 within the plane of the
plasma membrane. After Fc�RIIa cross-linking, plasma mem-
branes were isolated and solubilized in Nonidet P-40 and
DRM-H prepared as described under “Experimental Proce-
dures.” An analysis of the gradients derived from control or
Fc�RIIa-cross-linked membranes is presented in Fig. 1C.
Although little Fc�RIIa and CIN85 was detected in fractions
7–9 (those corresponding to DRM-H) in resting cells, their
presence in these fractions increased significantly following
cross-linking of Fc�RIIa. The translocation of Fc�RIIa and
c-Cbl to these fractions has been described previously (13).
These results indicate that Fc�RIIa, c-Cbl, and CIN85 co-frac-
tionated in the same DRM-H fractions in neutrophils stimu-
lated by cross-linking Fc�RIIa. The distribution of flotillin-1, a
structural raft component (44, 45) remained the same before
and after Fc�RIIa cross-linking (data not shown) (20). Taken
together, these data are consistent with amodel suggesting that
CIN85 could potentially represent the adaptor protein that is
involved in the regulation of the ubiquitin ligase activity of
c-Cbl responsible for the ubiquitination of the Fc�RIIa.
Intact DRM-Hs Are Required for the Stimulated Down-regu-

lation of Fc�RIIa—Because Fc�RIIa (20) (Fig. 1C), c-Cbl (13),
and CIN85 (Fig. 1C) are recruited to DRM-Hs, we postulated
that these microdomains serve as signaling platforms for the
regulation of molecular events leading to the ubiquitination
anddegradation of Fc�RIIa. To test this hypothesis, neutrophils
were preincubated with a 10 mM concentration of the choles-
terol-depleting agent m�CD or HBSS for 15 min at 37 °C. Fol-
lowing this treatment, Fc�RIIawas cross-linked onneutrophils,
andwhole cell lysates were analyzed by immunoblotting for the
presence of Fc�RIIa. Cross-linking led to the degradation of
Fc�RIIa as evidenced by a loss of immunoreactivity (Fig. 2A) as
described previously (13). Cells treatedwithm�CDpresented a
defect in Fc�RIIa degradation because the amount of Fc�RIIa
remained unchanged over the entire time frame examined (up
to 5min) in contrast to the control condition, where a decrease
of immunoreactivity was observed after 2 min (Fig. 2A). This
result suggests that the integrity of DRM-Hs is essential to the
efficient degradation of Fc�RIIa in stimulated neutrophils.
To investigate the importance of DRM-Hs as signaling plat-

forms in the Fc�RIIa down-regulation pathway, we analyzed
the effect of m�CD on the translocation of c-Cbl and CIN85 in
response to Fc�RIIa engagement. Neutrophils were preincu-
batedwithHBSS orm�CDas in Fig. 2A, and Fc�RIIawas cross-
linked as described under “Experimental Procedures.” Plasma
membranes were isolated and immunoblotted with anti-
CIN85, anti-c-Cbl, and anti-flotillin-1 antibodies. As shown in
Fig. 2B,m�CDsignificantly reduced the translocation ofCIN85
and c-Cbl to the plasma membrane, as observed following the
cross-linking of Fc�RIIa. This result indicates that the recruit-
ment of c-Cbl and CIN85 to the plasmamembrane in response
to cross-linking of Fc�RIIa in human neutrophils required the

FIGURE 1. CIN85 translocates to DRM-Hs of the plasma membrane follow-
ing Fc�RIIa cross-linking. Neutrophils (40 � 106 cells/ml) were preincu-
bated with 1 mM DFP for 10 min before Fc�RIIa cross-linking at room temper-
ature. Plasma membranes were prepared as described under “Experimental
Procedures.” A, aliquots of total cell lysates, plasma membranes, and cytosol
fractions from unstimulated cells were analyzed by immunoblots for the pres-
ence of CIN85. The loading of each cell fraction corresponded to equal cell
equivalents. The same blot was reprobed for the plasma membrane marker
flotillin-1. B, plasma membranes from resting or Fc�RIIa-cross-linked cells
were analyzed by immunoblotting for the presence of CIN85. The same blot
was reprobed for flotillin-1, the protein loading control. A densitometric rep-
resentation of the means of four independent experiments is shown in the
histogram. C, plasma membranes of resting or Fc�RIIa cross-linked (30 s) neu-
trophils were prepared as described under “Experimental Procedures” and
solubilized in 1% Nonidet P-40. These samples were subject to ultracentrifu-
gation on OptiPrep density gradients as described under “Experimental Pro-
cedures.” Thirteen gradient fractions were collected, and the proteins were
precipitated and analyzed by immunoblotting with anti-CIN85 or anti-Fc�RIIa
antibodies. These data are representative of three independent experiments.
WB, Western blot. Error bars, S.E.
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integrity of DRM-Hs. Taken together, these data suggest that
DRMs could represent a down-regulation signaling platform
for the degradation of the Fc�RIIa.
Involvement of CIN85 in the Down-regulation of Fc�RIIa—

Due to the difficulties associated with the transfection of
human neutrophils, we opted for the use of a human neutro-
phil-like cellular model, the Bt2cAMP-differentiated PLB-985
(dPLB-985) cell line, to further test the involvement ofCIN85 in
the degradation of Fc�RIIa. The responses of these cells to
Fc�RIIa cross-linking were previously characterized and found
to closely resemble those of primary neutrophils, including the

degradation of the Fc�RIIa receptor (13). To confirm the role of
CIN85 in the down-regulation of Fc�RIIa expression, the
expression of endogenous CIN85 was silenced using an siRNA
strategy in dPLB-985 cells. The expression level of CIN85 in
dPLB-985 (Fig. 3A) was significantly decreased following
nucleofection with specific siRNAs. The decreased levels of
expression of CIN85 correlated with an inhibition of the degra-
dation of Fc�RIIa (Fig. 3A, top). c-Cbl immunoblots were used
as loading controls (Fig. 3A, bottom). The same samples were
immunoblotted with anti-phosphotyrosine antibodies. A
stronger and more sustained tyrosine phosphorylation pattern

FIGURE 2. DRM-Hs integrity is essential for Fc�RIIa degradation and CIN85 recruitment. Neutrophils (20 � 106 cells/ml) were preincubated in the presence
or absence of 10 mM m�CD for 15 min at 37 °C before Fc�RIIa cross-linking. A, whole cell lysates were probed by immunoblotting for Fc�RIIa (CT10 antibody)
and c-Cbl as a loading control. B, following m�CD preincubation, neutrophils were centrifuged and resuspended at 40 � 106 cells/ml. Plasma membranes were
prepared as described under “Experimental Procedures” and analyzed by immunoblotting for the presence of CIN85 and c-Cbl. The same blot was reprobed
for flotillin-1 (loading control). The line graphs represent the means of densitometric ratios of three independent experiments. WB, Western blot. Error bars, S.E.

FIGURE 3. CIN85 positively regulates the degradation of Fc�RIIa. Bt2cAMP-differentiated PLB-985 cells were transfected with a negative control siRNA or a
siRNA against CIN85 as described under “Experimental Procedures.” Forty-eight h post-transfection, Fc�RIIa was cross-linked for the indicated times. A, whole
cell lysates were immunoblotted using antibodies recognizing Fc�RIIa (CT10 antibody), CIN85, or c-Cbl (loading control). The line graph represents the
compilation of densitometric ratios derived from three independent experiments. B, the same samples were probed for tyrosine phosphorylation residues
(�-pY). These results are representative of three independent experiments. C, transfected cells were incubated with fluorescent IgG-opsonized zymosan as
described under “Experimental Procedures.” Fluorescence was measured by flow cytometry. The phagocytic index was calculated by multiplying the number
of phagocytic cells by the number of internalized zymosan particles/cell (mean fluorescence intensity). This graph is a quantification of the means of four
independent experiments. WB, Western blot. Error bars, S.E.
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was observed in response to Fc�RIIa cross-linking in cells trans-
fected with the siRNA against CIN85 than in those in which the
negative control siRNA was introduced (Fig. 3B). These results
indicate that CIN85 contributes to the down-regulation of
Fc�RIIa activation. They also indicate that the inhibition of
Fc�RIIa degradation is not due to a lack of stimulation or to a
loss of viability of the cells.
Functional Importance of the Fc�RIIa Down-regulation

Pathway—To show that Fc�RIIa degradation is relevant to
dampen neutrophil activation, we analyzed the consequence of
CIN85 silencing on one of the main Fc�RIIa-dependent func-
tions of neutrophils (i.e. phagocytosis) (Fig. 3C).Wemonitored
the phagocytic capacity of the cells using fluorescent zymosan
particles opsonized with human IgGs. We observed a 50%
increase in the phagocytic index (percentage of cells having
internalized zymosan particles multiplied by mean fluores-
cence intensity) when CIN85 expression was inhibited. These
results (Fig. 3, B and C) illustrate that the CIN85-dependent
degradation of Fc�RIIa plays an important role in dampening
the signaling and functional responses downstream of this
receptor.
Role of CIN85 in Fc�RIIa Internalization—To measure the

internalization of the receptor following its cross-linking (13),
we quantified the membrane expression of Fc�RIIa by flow
cytometry. An siRNA approach was utilized to test for the pos-
sible implication of CIN85 in this event. CIN85-silenced dPLB-
985 or control cells were stimulated as described above by
cross-linking Fc�RIIa, and the stimulation was stopped on ice
after 0.5, 2, 5, and 10 min. Following incubation with fluores-
cent anti-mouse antibodies, neutrophils were analyzed by flow
cytometry. As illustrated in Fig. 4A, silencing CIN85 had no
effect on the internalization of Fc�RIIa. In both conditions, the
fluorescence intensity detectedwith the anti-mouse antibody (a
measure of surface expression of Fc�RIIa) decreased in a time-
dependent manner. This effect was obvious within the first
minute of stimulation and increased for the next 10 min, when
up to 60% of Fc�RIIa is internalized. We next compared the
intracellular distribution of the receptor in control and CIN85-
silenced cells by confocal microscopy. As shown in Fig. 4B,
before cross-linking (0 min), the receptor is uniformly distrib-
uted at the periphery of control cells as in CIN85-silenced cells.
Oneminute following cross-linking, in both conditions, a punc-
tate distribution of Fc�RIIa is clearly observed at the inner side
of the plasma membrane. This membrane staining pattern is
characteristic of the early stages of receptor internalization fol-
lowing receptor cross-linking (13). At later time points (5 min),
CIN85 was detected in the cytoplasm of control cells. In con-
trast, in CIN85-silenced cells, Fc�RIIa staining remained local-
ized to the inner side of plasma membrane (submembrane
localization). No Fc�RIIa staining was detectable in the cyto-
plasm of CIN85-silenced cells.
PKC-dependent Ser Phosphorylation of CIN85—Numerous

signaling proteins downstream of the engagement of Fc�RIIa
(including c-Cbl) are tyrosine-phosphorylated (27). CIN85
does not possess any tyrosine phosphorylation sites but has
potential sites of serine/threonine phosphorylation (47). How-
ever, these protein modifications on CIN85 are poorly docu-
mented in the literature (48). We examined whether this post-

translational modification of CIN85 could be detected in
stimulated human neutrophils. We first performed a time
course of incubation of resting neutrophils with 1�M calyculin,
a potent inhibitor of type 1 and type 2A serine/threonine phos-
phatases that has been exploited to provide evidence of serine/
threonine phosphorylation responses in several cell types,
including neutrophils (49–54). Whole cell lysates were ana-
lyzed by immunoblotting with anti-CIN85 antibody. As shown
in Fig. 5A, a marked retardation of electrophoretic mobility of
CIN85 was observed in a time-dependent manner following
incubation with calyculin. In contrast, the electrophoretic
mobility of the structural protein flotillin-1 remained the same
under all the conditions. Changes in electrophoretic migration

FIGURE 4. CIN85 is involved in the late steps of Fc�RIIa internalization.
Bt2cAMP-differentiated PLB-985 cells were transfected with a negative con-
trol siRNA or an siRNA against CIN85, as described under “Experimental Pro-
cedures. A, the membrane expression of Fc�RIIa was monitored by flow
cytometry. Transfected cells were stimulated for the indicated times by cross-
linking Fc�RIIa with a goat anti-mouse F(ab�)2 anti- F(ab�)2 (25 �g/ml) at 37 °C.
The stimulations were terminated by transferring the tubes to an ice bath,
followed by centrifugation at 400 � g for 2 min at 4 °C. The cell pellets were
washed in cold HBSS containing 0.005% BSA and incubated with FITC-labeled
goat anti-mouse Fc� specific IgG (diluted 1:100 in HBSS/BSA) for 30 min on
ice. Cells were then washed twice in HBSS/BSA and analyzed by flow cytom-
etry. IgG2b was used as an isotype-matched negative control. The data
shown are the quantification of the mean fluorescence intensity of three
independent experiments where Fc�RIIa levels were normalized to samples
without IV.3 cross-linking (100% expression level). B, transfected PLB-985
(107/ml) were incubated with phycoerythrin-conjugated IV.3 (1 �g/ml) for 10
min, washed and plated as described under “Experimental Procedures.” Anti-
mouse F(ab�)2 was added in the environment chamber, and cells were visu-
alized live by confocal microscopy for the indicated times. For each condition,
at least 25 cells were analyzed. These pictures are representative of three
independent cross-linking experiments. Error bars, S.E.
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are often caused by hyperphosphorylation, which results in an
increased apparent molecular weight of the protein (49). This
effect of calyculin on the elecrophoretic migration of CIN85
suggests that CIN85 could be serine/threonine-phosphoryla-
ted. We thus next examined the possibility that this modifica-
tion could regulate the activity of this adaptor protein.
Protein kinases C (PKCs) represent one of the well described

serine-threonine kinase families in human neutrophils. In
order to examine the involvement of the PKC family in the
regulation of CIN85, we probed CIN85 immunoprecipitates
with an anti-phospho-(Ser)PKC substrate antibody. This anti-
body recognizes specific motifs of PKC-dependent phosphory-
lation composed of a serine residue flanked by arginine or lysine
at the �3-, �2-, and �2-positions and hydrophobic amino
acids at position�1 (55). As shown in Fig. 5B, the incubation of
human neutrophils with phorbol 12-myristate 13-acetate led to
the PKC-dependent serine phosphorylation of CIN85, indicat-
ing that CIN85 is a candidate phosphorylated substrate of PKCs
in the neutrophil. The same PKC-dependent serine phosphor-
ylation of CIN85 is observed in the context of the cross-linking
of Fc�RIIa on human neutrophils (Fig. 5C, left). This result pro-
vides evidence that CIN85 is a substrate for PKC in Fc�RIIa-
cross-linked human neutrophils. To further support this
observation, we nextmonitored the potential effect of the phar-
macological inhibitor of classical PKCs, Gö6976 (56), on this
phosphorylation event. We observed that neutrophil preincu-
bation with 1 �MGö6976 completely abolished the stimulation

of the serine phosphorylation of CIN85 (Fig. 5C, right) follow-
ing Fc�RIIa cross-linking.
Translocation of Classical PKCs to Plasma Membranes in

DRM-Hs—The translocation of PKCs to the plasmamembrane
of stimulated cells is a widely used index of their activation
status (57). We therefore investigated the effect of Fc�RIIa
cross-linking on the translocation of classical PKCs to the
plasma membrane of human neutrophils. Following Fc�RIIa
engagement, plasma membranes were purified as described
under “Experimental Procedures.” They were then immuno-
blotted with anti-PKC�/� (the classical members of the PKC
family present in human neutrophils) and anti-flotillin-1 (a
plasma membrane marker used as loading control) antibodies.
We first observed that the addition of IV.3 alone did not induce
any translocation of PKC�/� to the plasma membrane (0 s of
cross-linking time). Following Fc�RIIa cross-linking, however,
we observed a rapid increase in the levels of PKC�/� at the
plasma membrane (Fig. 6A). This response was observed as
early as 10 s following stimulation andwasmaintained for up to
30 s.Wenext analyzed thesemembranes onOptiprep gradients
as in Fig. 1 to monitor the translocation of PKCs to DRM-Hs.
Following cross-linking of Fc�RIIa, we observed the recruit-
ment of classical PKCs to the fractions that correspond to
DRM-Hs (Fig. 6B). Moreover, the presence of PKCs in
DRM-Hs correlated in time with the detection of CIN85 in
the DRM-H fractions (Fig. 1C). These results indicate that clas-
sical PKCs cofractionate with Fc�RIIa, c-Cbl, and CIN85 in the

FIGURE 5. CIN85 is a phosphosubstrate of classical PKCs in response to Fc�RIIa cross-linking. A, neutrophils (20 � 106 cells/ml) were incubated with 1 �M

calyculin for the indicated times at room temperature. Whole cell lysates were analyzed by SDS-PAGE and immunoblotted for CIN85 and flotillin-1 (loading
control). B, neutrophils (20 � 106 cells/ml) were stimulated with 100 nM phorbol 12-myristate 13-acetate (PMA) or DMSO for 45 s at room temperature. CIN85
was immunoprecipitated as described under “Experimental Procedures,” and the immunoprecipitates were probed for a phospho-(Ser)PKC substrate or
CIN85. The graph represents the densitometric ratio of the phospho-(Ser)PKC substrate signal over the total CIN85 signal. C, neutrophils (20 � 106 cells/ml)
were incubated in the presence or absence of Gö6976 (1 �M) for 10 min before Fc�RIIa cross-linking at room temperature for 1 min. CIN85 was immunopre-
cipitated as described under “Experimental Procedures,” and the immunoprecipitates were probed for phospho-(Ser)PKC substrates or CIN85. The histogram
represents the quantification of the mean densitometric readings of the phospho-(Ser)PKC substrate signal (relative to the total CIN85 signal) observed in three
independent experiments. WB, Western blot; IP, immunoprecipitation; Error bars, S.E.
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same DRM-H fractions. PKCs are absent in control samples as
they are localized in the cytosol of unstimulated cells. Taken
together, these data suggest that classical PKCs are recruited in
the same way as CIN85 and c-Cbl and could represent key acti-
vators of the Fc�RIIa down-regulation pathway in human
neutrophils.
Involvement of Classical PKCs in the Down-regulation of

Fc�RIIa Expression—To confirm that classical PKCs are
directly involved in the Fc�RIIa degradation pathway, we ana-
lyzed the effect of Gö6976 on this event. Preincubation of neu-
trophils with Gö6976 significantly inhibited the degradation of
Fc�RIIa (Fig. 7A). To further define the role of classical PKCs in
this process, we tested the effect of Gö6976 on the ubiquitina-
tion of Fc�RIIa, a step thatwe previously described as preceding
the degradation of Fc�RIIa (13). Following Fc�RIIa cross-link-
ing, the receptor was immunoprecipitated, and its ubiquitina-
tion was examined by immunoblotting as described under
“Experimental Procedures.” Ubiquitinated forms of a protein
typically appear as a smear of bands at molecular weights larger
than that of the non-ubiquitinated protein. As described previ-
ously (13), a smear of bands in the 60–120 kDa region were
detected only veryweakly 30 s post-stimulation butwere clearly

evident following 2 min of Fc�RIIa cross-linking (Fig. 7B). No
ubiquitinated bands were observed in unstimulated cells. This
ubiquitination pattern persisted for up to 5 min following
receptor cross-linking. We observed a decrease in the ubiquiti-
nation pattern of the immunoprecipitated receptor in the pres-
ence of Gö6976 for up to 5 min of cross-linking. The ability of
Gö6976 to decrease the amount of ubiquitinated forms of
Fc�RIIa suggests that classical PKCs are involved in the signal-
ing events leading to the activation of the Fc�RIIa down-regu-
lation pathway. This result also correlates with the inhibition of
the degradation of the receptor (Fig. 7A). Furthermore, the
translocations of the ubiquitin ligase c-Cbl and the adaptor pro-
tein CIN85 to the plasma membranes following Fc�RIIa cross-
linkingwere also decreased in the presence of Gö6976 (Fig. 7C).
These results illustrate the importance of PKCs in the activa-
tion of the ubiquitination signaling pathway that leads to
Fc�RIIa degradation and the arrest of signals induced by the
activation of this receptor.

DISCUSSION

We previously described a novel model of the down-regula-
tion of Fc�RIIa in human neutrophils in which the engagement
of this receptor leads to its ubiquitination by the ubiquitin ligase
c-Cbl, thereby targeting it to a proteasome-dependent degrada-
tion pathway (13). Herein, we further characterized the c-Cbl-
mediated down-regulation of Fc�RIIa.We found that the adap-
tor protein CIN85 is recruited to the plasma membrane, where
it cofractionated to the same plasmamembrane domains as the
receptor. Disturbing these DRMs inhibited Fc�RIIa-mediated
functions as well as the recruitment of c-Cbl and CIN85 to the
plasma membrane, indicating that the integrity of these signal-
ing platforms is essential for the efficient down-regulation of
Fc�RIIa in human neutrophils. Silencing CIN85 in differenti-
ated PLB-985 cells provided direct evidence that this adaptor
protein played a prominent role in the degradation of the recep-
tor and the arrest of Fc�RIIa signals. Finally, we showed that
CIN85 is phosphorylated by PKCs in response to Fc�RIIa
engagement and that classical PKCs positively regulated
Fc�RIIa ubiquitination and degradation. Taken together, our
results illustrate that the c-Cbl-mediated degradation of stim-
ulated Fc�RIIa is positively regulated by the adaptor protein
CIN85 in a PKC-dependent manner, thus contributing to the
termination of Fc�RIIa signaling.
Wepreviously identified the ubiquitin ligase c-Cbl as respon-

sible for the targeting of the neutrophil’s Fc�RIIa to the protea-
somal degradation. In the present study, we investigated the
molecularmechanisms that control this novel down-regulation
pathway. Indeed, to rapidly remove a receptor from the cell
surface, proteins involved in the ubiquitination process as well
as accessory endocytic proteins are required. In the case of tyro-
sine kinase receptors, c-Cbl was described to bind to and ubiq-
uitinate activated receptors and also to recruit endocytic
machinery proteins (47). Adaptor proteins are essential for
molecular events that are dependent on the close proximity
between c-Cbl and these families of proteins. One such adaptor
protein is CIN85, the first described to interact with c-Cbl (32)
and to be associated with endophilin (58). To our knowledge,
the expression of CIN85 has not been reported in human neu-

FIGURE 6. PKCs translocate to the plasma membranes in DRM-Hs follow-
ing Fc�RIIa cross-linking. Neutrophils (40 � 106 cells/ml) were preincu-
bated with 1 mM DFP for 10 min prior to Fc�RIIa cross-linking at room tem-
perature. A, plasma membranes were prepared as described under
“Experimental Procedures” and analyzed by immunoblotting for the pres-
ence of PKC�/�. The same blot was reprobed for flotillin-1 (protein loading
control). A densitometric quantification of the means of three independent
experiments is shown in the line graph. B, plasma membranes of resting or
Fc�RIIa-cross-linked (30 s) neutrophils were prepared as described under
“Experimental Procedures” and solubilized in 1% Nonidet P-40. These sam-
ples were subjected to ultracentrifugation on OptiPrep density gradients as
described under “Experimental Procedures.” The 13 gradient fractions were
collected, and the proteins were precipitated and analyzed by immunoblot-
ting using the anti-PKC�/� antibody. These data are representative of three
independent experiments. WB, Western blot. Error bars, S.E.
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trophils. The results of our experiments provide evidence for a
rapid recruitment and a sustained localization of CIN85 from
the cytosol to membrane fractions following Fc�RIIa cross-
linking. The translocation of CIN85, as we previously observed
for c-Cbl (13), precedes the degradation of the receptor and
correlates with that of the ubiquitination of Fc�RIIa. Further-
more, the stimulated recruitment ofCIN85 to the plasmamem-
brane is, as previously shown for c-Cbl, specifically localized to
DRM-Hs. We have previously shown that Fc�RIIa cross-link-
ing of isolated plasma membranes leads to the tyrosine phos-
phorylation of the receptor but not to its degradation, in con-
trast to Fc�RIIa cross-linking of whole neutrophils (20). This
lack of degradation is consistent with the requirement of cyto-
solic elements. The results of this study as well as those
described by Marois et al. (13) indicate that the cytosolic pro-
teins, c-Cbl and CIN85, are involved in the down-regulation of
the surface expression of this receptor. Taken together, these
data confirm the importance of the relocalization of CIN85 to
the plasma membrane and more specifically within DRM-Hs,
leading to receptor degradation.
DRMs are cholesterol- and sphingolipid-enriched domains

that represent platforms serving to concentrate signaling pro-
teins (59). Our previous data indicate that DRMs are heteroge-
neous in human neutrophils and include subpopulations with
low (DRM-L) and high (DRM-H) densities (60). The function-
ally relevant subpopulation of DRMs in Fc�R-stimulated
human neutrophils appears to be DRM-Hs because both
Fc�RIIIb and Fc�RIIa are present in these fractions and not in
DRM-Ls (13, 20, 26, 60). We have now observed that cross-

linking of Fc�RIIa results in the translocation of CIN85 to the
same DRM-Hs as the receptor itself and c-Cbl. We also
observed that disruption ofDRMs inhibits Fc�RIIa degradation
(19, 61) and the recruitment of c-Cbl and CIN85 to the plasma
membrane following Fc�RIIa cross-linkingwith specificmono-
clonal antibodies. We previously observed that the integrity
of these microdomains was essential for optimal Fc�R-de-
pendent phagocytosis and transduction of Fc�R-mediated
signaling pathways (tyrosine phosphorylation pattern and
calcium mobilization) in response to IgG-containing
immune complexes (61). These results support a model of
signaling platforms for DRM-Hs that play a role in the coor-
dination between activation of Fc�R-dependent functions
and down-regulation mechanisms.
Nucleofection of siRNA oligomers directed at CIN85 very

effectively silenced the expression of CIN85 in dPLB-985 cells.
This resulted in an inhibition of the degradation of Fc�RIIa
following its cross-linking, leading to a qualitative and quanti-
tative increase in the tyrosine phosphorylation profile. These
results are consistent with the interpretation that CIN85 is
involved in the termination of the signals initiated upon
engagement of this receptor by directing Fc�RIIa toward a deg-
radation pathway. Consistent with this observation, we provide
evidence for a functional significance of the degradation of
Fc�RIIa. CIN85-silenced cells exhibit an increase in IgG-de-
pendent phagocytosis, reflecting a hyperactivation of the cells
in the context of an inhibition of the degradation of Fc�RIIa.
Moreover, both qualitative and quantitative differences in the
tyrosine phosphorylation profile were observed, including the

FIGURE 7. Classical PKCs positively regulate the degradation of Fc�RIIa. Neutrophils (20 � 106 cells/ml) were incubated in the presence or absence of
Gö6976 (1 �M) for 10 min before Fc�RIIa cross-linking at room temperature for the indicated times. A, whole cell lysates were probed by immunoblotting for
Fc�RIIa (CT10) and c-Cbl (loading control). The densitometric values of the CT10 immunoblots were normalized with respect to those of the corresponding
values for c-Cbl. These data are representative of four independent experiments. B, Fc�RIIa was immunoprecipitated, and immunoprecipitates were probed for
ubiquitin as described under “Experimental Procedures.” These data are representative of three independent experiments. C, neutrophils (40 � 106 cells/ml)
were preincubated with 1 mM DFP for 10 min at room temperature before incubating with Gö6976 and cross-linking Fc�RIIa at room temperature. Plasma
membranes were prepared as described under “Experimental Procedures” and analyzed by immunoblotting for the presence of c-Cbl, CIN85, and flotillin-1
(loading control). The line graphs represent densitometric quantifications of the means of three independent experiments. WB, Western blot; IP, immunopre-
cipitation. Error bars, S.E.
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phosphorylation of additional substrates and an increase in the
intensity of signal detected in resting cells. Fc�RIIa internaliza-
tion, however, was not affected in dPLB-985 cells in which
CIN85 was silenced. The mechanisms underlying the internal-
ization of this receptor may differ from those of the EGF recep-
tor, where CIN85 is essential for its internalization (42). It is
noteworthy that microscopic analysis of Fc�RIIa routing fol-
lowing its cross-linking showed differences in Fc�RIIa distribu-
tion in CIN85-silenced cells and indicated that the latter is
required for the proper targeting of Fc�RIIa to proteasomes.
These differences in intracellular cycling could be due to a lack
of interactions between the endocytic machinery and the cyto-
skeleton, leading to an accumulation of submembrane localiza-
tion of Fc�RIIa. These results underline that the specific role of
CIN85 in the context of Fc�RIIa down-regulation in the human
neutrophil differs from that previously described in the context
of tyrosine kinase receptors (42). This specificity may be
explained by the scaffolding properties of CIN85 that could
result in multiple distinct interactions for each receptor type.
Taken together, these results are in agreement with a specific
role for CIN85 in the molecular mechanisms that occur
between the internalization and proteosomal targeting of
Fc�RIIa in human neutrophils.
Proteomic sequence analysis predicted potential sites of ser-

ine/threonine phosphorylation on CIN85 (47). Indeed, we
detected the PKC-mediated serine phosphorylation of CIN85
following Fc�RIIa cross-linking that appears to be mediated by
classical PKCs because Gö6976 inhibits this post-tranductional
modification. Gö6976 also inhibits Fc�RIIa ubiquitination and
degradation. The lack of translocation of the ubiquitin ligase
c-Cbl and CIN85 in the presence of Gö6976 may explain these
observations. Taken together, these data highlight the impor-
tance of classical PKCs in the initiation of the Fc�RIIa down-
regulation pathway and are in accordance with our previous
data indicating that Fc�RIIa cross-linking induced a mobiliza-
tion of calcium (a cofactor for classical PKCs) in human neu-
trophils (26). To our knowledge, these observations represent
the first indications for a role of the activation of classical PKCs
in the cellular responses to Fc�Rs, and Fc�RIIa in particular, in
human neutrophils. Our results indicate that classical PKCs are
recruited to DRM-Hs, as are other regulating proteins (c-Cbl
and CIN85), to take part in this down-regulation pathway. Fur-
ther studies are, however, required to precisely identify the
principal PKC isoforms involved in this pathway as humanneu-
trophils express three classical PKC isoforms (�, �1, and �2).
The functional role of CIN85 in ubiquitin-dependent endo-

cytosis and the down-regulation of ITAM-containing receptors
remains a challenging subject and has not been previously doc-
umented in human neutrophils. To our knowledge, this study is
the first to describe the involvement of CIN85 in the down-
regulation of Fc�R, and Fc�RIIa in particular, in human neu-
trophils. Other immunoreceptors have been shown to be con-
trolled by CIN85. In the RBL-2H3 cell line, Fc�RI activation
leads to the recruitment of CIN85 to c-Cbl-containing com-
plexes, which controls endosomal sorting of the receptor and
lysosome delivery. Furthermore, overexpression of CIN85 in
this context decreases mastocyte degranulation in response to
Fc�RI engagement (62). This observation suggests that the

acceleration of the kinetics of Fc�RI internalization due to the
abundance of CIN85 perturbs intracellular signaling and leads
to an inappropriate activation ofmastocytes. The role of CIN85
in the attenuation of the immune response can be extended to
additional immunoreceptors, such as the TCR or TNF receptor
1 (48). Coupled to its role in the down-regulation of receptor
activation or of other proteins like Syk (63), CIN85 appears to
play a central role in the coordination between intracellular
signaling, down-regulation pathways, and sorting downstream
of receptor engagement (48). These functions of CIN85, in the
particular context of the immune response, highlight the
importance of adaptor proteins in the activation and regulation
of cell functions dependent on receptor activation.
Our present results complement our previous data on the

ITIM-independent pathway of Fc�RIIa down-regulation fol-
lowing its engagement on human neutrophils. First, we
observed that CIN85 is expressed in human neutrophils and is
recruited from the cytosol toDRM-Hs of the plasmamembrane
following Fc�RIIa engagement. This relocalization leads to a
cofractionation of CIN85 with Fc�RIIa that is also recruited
from detergent-soluble regions of the plasma membrane to
DRM-Hs (20, 26) with the ubiquitin ligase c-Cbl (13). Our data
are consistent with the hypothesis that DRM-Hs act as essential
signaling platforms that coordinate transduction of activating
and inhibiting signals to optimize Fc�R-dependent neutrophil
responses and to prevent overactivation of the cell. Afterward,
Fc�RIIa is then internalized and is ubiquitinated by c-Cbl and
probably moves to the proteasome complex, where it is
degraded. The inhibition of the expression of CIN85 illustrates
an essential role for this adaptor protein in the fate of Fc�RIIa.
The modified tyrosine phosphorylation profile and increase in
IgG-dependent phagocytosis thatwe observed in the absence of
CIN85 both indicate that this mechanism leading to Fc�RIIa
degradation is likely to allow the neutrophil, which does not
possess a classical ITIM-dependent (Fc�RIIb) mechanism for
Fc�RIIa down-regulation, to avoid overactivation during clear-
ance of IgG complexes. Neutrophil activation through Fc�Rs is
exacerbated in systemic autoimmune diseases, such as rheuma-
toid arthritis or anti-neutrophil cytoplasmic antibody-associ-
ated vasculitis (Wegener granulomatosis) (7). In the present
study, we characterized a PKC-dependentmechanism involved
in the regulation of the expression of the opsonic receptor
Fc�RIIa in human neutrophils and the role of PKC in the func-
tional responses elicited upon the occupation and activation of
this receptor. A concerted investigation of the different mech-
anisms involved in the regulation of the signaling events that
follow Fc�Rs stimulation is required to better understand auto-
immune pathologies.
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26. Barabé, F., Paré, G., Fernandes, M. J., Bourgoin, S. G., and Naccache, P. H.

(2002) J. Biol. Chem. 277, 13473–13478
27. Naccache, P. H., Gilbert, C., Barabé, F., Al-Shami, A., Mahana, W., and
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Teillaud, J. L., and Naccache, P. H. (2006) Biochem. J. 393, 351–359
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