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Abstract

Two main isoforms of Fg receptor 1l (CD32) have been described in humans: activatogRFA and inhibitory FeyRIIB. We have
previously reported that B cells from a subset of chronic lymphocytic leukemia (B-CLL) patients express notyRIyBFas normal B
lymphocytes, but also the myeloid4RIIA. The aim of this study was to evaluate the signaling capacity of botfRHdsoforms in B-CLL
cells. We found that FgRIIA expressed by leukemic cells failed to induceCrobilization or protein tyrosine phosphorylation, suggesting
that the receptor is not functional. By contrastyRtIB effectively diminished BCR-triggered ERK1 phosphorylation, which indicates that it
is able to transduce inhibitory signals in B-CLL cells. Moreover, we found thalRH8 homoaggregation in either B-CLL or non-malignant
tonsillar B cells did not result in apoptosis as was reported for murine B splenocytes. Together, these results sheR iBatkee not
FcyRIIA is biologically active in B-CLL cells and might influence leukemic cell physiology in vivo.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction (ITIM) sequence in its cytoplasmic domain. Coagregga-
tion of ITAM-bearing receptors and FRIIB induces ITIM
Human Fe receptor Il (CD32) exists in two main iso-  phosphorylation and (SH2)-containing inositol phosphatases
forms, FeyRIIA and FeyRIIB, which are highly homologous ~ (SHIP) recruitment which are responsible for its inhibitory
in their extracellular and transmembrane regions but exhibit activity [1,4,5] In murine B cells, homoagreggation of
significant divergence in their cytoplasmic domajas3]. FcyRIIB can also signal independently of ITIM phospho-
FcyRIIA is an activation receptor characterized by the rylation generating a proapoptotic cascade through the
presence of an immunoreceptor tyrosine-based activationactivation of the Bruton tyrosine kinase (Bfl§]. Signaling
motif (ITAM) sequence which becomes phosphorylated on pathways triggered by R®IIA can also regulate cell
tyrosines following binding of ligand at the cell surface survival as was demonstrated in human neutrophils by our
[1-3]. On the other hand, RRIIB is an inhibitory Fe/R that group[7] and in eosinophils by othef8].
bears an immunoreceptor tyrosine-based inhibition motif  B-cell chronic lymphocytic leukemia (B-CLL) is charac-
terized by the progressive accumulation of clonal CB5
* Corresponding author. Tel.: +54 11 48 05 34 11 Iymphocytes whlch seems to_ result from decreased apopto-
fax: +54 11 48 03 94 75, sis rather than increased proliferati®+-11]. We have previ-
E-mail addressrgamberale@hematologia.anm.edu.ar (R. Gamberale). Ously reported that B-CLL cells display comparable or even

0145-2126/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2005.04.008



1278 R. Gamberale et al. / Leukemia Research 29 (2005) 1277-1284

higher levels of membrane %RIIB than normal B lympho- ~ Table1

cytes[12]. |meresting|y we have also observed that. unlike Main clinical characteristics of enrolled B-CLL patients andyRUA
normal B cells, leukemic cells from a proportion of B-CLL ~ ZXPreSSon

patients express R&IIA [13], which is characteristic of ~ Patient ~ Gender  Age  WBC, LC, RAI FoyRIIA

myeloid leukocytes. Numerous signaling defects have been APN X100

described in B-CLL. Thus, CD40-mediated signal transduc- ; m 22 Zgi 21 8 *
tion was severely impaired in all B-CLL patierjfist], while 3 E 65 365 253"? 0 :
responses through other cell surface receptors, such as BCR, M 66 37 29 0 +
[15-17]or CD5[18] are heterogeneous among CLL clones. 5 F 77 253 20 0 -
Given that signals triggered throughyRlI are able to mod- 6 M 60 566 537 0 -
ify the survival and activation status of different cell types, ; M 638 63 5-38 00 -
including B lymphocytes, the aim of this study was to evalu- 9 ,\FA 775 3757 277 0 _+
ate whether F¢RIIA and FeyRIIB are functional in B-CLL 10 M 74 147 13 0 +
cells. 11 M 76 671 637 0 +
12 M 84 413 33 [ +

13 F 52 152 112 | -

. 14 M 67 321 29 [ -

2. Materials and methods 15 M 66 514 437 | _
o 16 M 58 409 327 | +

2.1. Antibodies 17 F 74 276 236 1l -
18 M 61 208 206 I -
Goat anti-mouse IgG F4§GAM) FITC-conjugated were ;g ';" ‘;23 288; éi :: :*
obtained from Immur_10tech (M_arsellle, France) and MoAbs 21 M 56 197 156 Il o
I\{.S and AT:10 were kindly provided by Dr. Daeron (Cune In- 5 E 75 501 453 I _

stitute, Paris, France). Fab fragment of IV.3 were obtained by 23 F 62 437 425 +

papain digestion as it was described by Harlow and [[48p 24 M 76 646 613 1 +
Purified goat anti-mouse IgG FaGAM), anti-lgM IgG and 23 E ;g ;g‘i Z;S I|I\I/ *;
anti-lgM Falj, fragments were obtained from Jackson Im- F 81 629 61 v o

munoResearch (West Grove, PA, USA). Antibodies against The expression of RRIIA in B-CLL cells was evaluated by using Fab
phOSpho_tyrosme (mouse’ cl_one 46'10’ Upstate), phos,pho_fragmegts of IV.3 MoAb (3.g/ml) or isotype-matched Ab @é/ml) £;md
ERK1/2 (mouse l9G, Cell Slgnallng, Beverly’ MA)’ actin saturating concentrations of GAM FITC-conjugated. Data were analyzed by
(mouse IgM, Oncogene, Boston, MA) and HRP-conjugated employing CellQuest software and the mean fluorescence intensity (MFI)
anti-mouse IgG (BD Biosciences, San Diego, CA) were used of each sample was obtained. Arbitrary units of MFI from isotype controls
for Western blot analysis. were always lower than 10. As it is shown, patients were classified in three
groups depending on the levels ofyRIIA expression on CD19cells:
negative samples (MFI<10) were depicted as, ‘positive samples with
MFI between 10 and 50 were depicted as ‘+' and samples with MFI >50
were depicted as ‘++'. WBC indicates white blood cell counts and LC,
Peripheral blood samples were obtained from 27 typi- lymphocytes counts.
cal B-CLL patients (16 men and 11 women), who were
informed about the objectives of the study and gave their ] ) ] ]
consent. Patients enrolled had a median age of 69 years oldl€scribed20]. Briefly, PBMC were incubated with MoAbs
and were classified by RAI system: 16 patients were RAI SPecific for CD3, CD14, CD16 and CD56 during 45min at
0-I (indolent disease), five patients were RAI II (interme- 4°C, washed twice and treated with magnetic beads coated
diate disease) and six were RAI lll-IV (aggressive disease) With antimouse IgG antibodies (Dynabeads ,M.450’ Dynal,
(seeTable 1. At the time of the analysis, all patients were Osilo, quway), according to t_he manufacturer’s instructions.
free from clinically relevant infectious complications and "€ purity of B-CLL population was checked by flow cy-
were untreated or had received no treatment over the prior 610Metry analysis using anti-CD19 MoAb and was found to

2.2. B-CLL patients

months. be always >96%.
2.3. B-CLL cell isolation 2.4. Tonsillar B cell isolation
Peripheral blood mononuclear cells from B-CLL pa- Tonsils were obtained from patients undergoing routine

tients (PBMC) were isolated by centrifugation over a tonsillectomies for obstructed breathing disorders. Patients
Ficoll-Hypaque layer (Hystopaque), washed twice with wereinformed aboutthe objectives of the study and gave their
saline and resuspended in complete medium (RPMI 1640,consent. Tonsils were kept in cold isotonic saline and pro-
10% FCS, 100 U/ml penicillin and 1Q0y/ml streptomycin). cessed as previously describj@d]. Briefly, tissue samples

B cell purification from PBMC were performed as previously were cutand pushed through mesh using the flatend ofa 60 ml
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plastic syring plunger. Mononuclear cells from tonsils sam-
ples were isolated by centrifugation over a Ficoll-Hypaque
layer and B cell purification were performed as described
above. The purity of B cell population was checked by flow
cytometry analysis using anti-CD19 MoAb and was found to
be >96%.

2.5. Calcium mobilization

Changes in intracellular calcium mobilization @jin-
duced by FgRIIA crosslinking was evaluated in purified
B-CLL cells and PBMC from the same patient by using
FLUO-3AM (Sigma Chemical Co., St. Louis, MO, USA) and
flow cytometry analysis, as previously descritjéd Briefly,
cells were incubated with 4 mM FLUO-3AM for 30 min at

30°C, washed twice and resuspended in complete medium.

Aliquots of this cell suspension were then treated with 1V.3

1279

2.7. Quantitation of cellular apoptosis and viability by
fluorescence microscopy

Quantitation was performed as previously descril224,
using the fluorescent DNA-binding dyes acridine orange
(100pg/ml) to determine the percentage of cells that had
undergone apoptosis, and ethidium bromide (1.60ml) to
differentiate between viable and nonviable cells. With this
method, nonapoptotic cell nuclei show variations in fluores-
cent intensity that reflect the distribution of euchromatin and
heterochromatin. By contrast, apoptotic nuclei exhibit highly
condensed chromatin that is uniformly stained by acridine or-
ange. To assess the percentage of cells showing morphologic
features of apoptosis, at least 200 cells were scored in each
experiment.

2.8. Quantitation of cellular apoptosis by propidium

Fab for 15min at room temperature, washed, resuspendedodide staining and flow cytometry

in complete medium containing 1 mM CaGnd warmed at
37°C. The samples were immediately loaded onto the flow

The proportion of cells that displays a hypodiploid DNA

cytometer, and the basal fluorescence (FL1) was recordedpeak was determined using a modification of Nicoletti’s

during 90s. Then, cells were stimulated with GAM in or-
der to crosslink FgRIIA, and the fluorescence was recorded
during an additional 400 s. Acquisition of samples was per-
formed at 37C and C&" mobilization was recognized as

protocol [23]. Briefly, cell pellets (2.5¢< 10° cells) were
suspended in 400l of hypotonic fluorochrome solution
(propidium iodide, 5Qug/ml in 0.1% sodium citrate plus
0.1% Triton X-100) and incubated for 2h at@. The red

an increase in FLUO-3AM fluorescence. Data were ana- fluorescence of propidium iodide of individual nuclei was

lyzed by employing CellQuest software (Becton Dickinson,
Mountain View, CA). A gate based on forward and side scat-
ters was used to evaluate monocytes Qmobilization in
PBMC.

2.6. Western blotting

Time course experiments were carried out to evalu-
ate FegRIl signaling capacity. Protein tyrosine phospho-
rylation induced by FgRIIA crosslinking was evaluated
by culturing cells (2< 10°) with or without V.3 Fab

(n=6). Then, cells were washed, resuspended in com-

plete medium containing GAM and incubated at°87
FcyRIIB inhibition of BCR-induced ERK1/2 phosphory-
lation was evaluated by culturing B-CLL cells £210°)

at 37°C with 15pg/ml of anti-lgM Faly (F) or whole
molecule (W) (=6). Reactions were stopped at the times

indicated by adding cold saline and the samples were an-

alyzed by Western blot. To this aim, cell pellets were

washed with cold saline, immediately resuspended in load-

ing buffer (60 mM Tris pH 6.8, 2.3% SDS, 10% glycerol,
0.01% bromophenol blue and 58émercaptoethanol) and

measured using a FACScan flow cytometer. The forward
scatter and side scatter of particles were simultaneously
measured. Cell debris was excluded from analysis by
appropriately raising the forward scatter threshold.

2.9. Statistical analysis

Student’s paired-test was used to analyze the statistical
significance of the experimental results.

3. Results

3.1. Functional analysis of BRIIA expressed on
B-CLL cells

Clinical characteristics of B-CLL patients enrolled are
summarized inTable 1 The expression of the myeloid
FcyRIIA was determined by using the MoAb V.3, which
specifically recognizes RRIIA when used as Fab frag-
ment[24-27] and goat anti-mouse 1gG FalGAM) FITC-
conjugated. We confirmed our previous d§t8] showing

boiled at 968C for 5min. Samples were then separated that FeyRIIA is aberrantly expressed on leukemic cells from
on a standard 10% SDS-PAGE and transferred to PVDF 15 out of 27 patients analyzeddable 1), being the mean
membranes (Sigma). Membranes were then blotted with fluorescence intensity (MFI) generally low (arbitrary units
antibodies against phospho-tyrosine, phospho-ERK1/2 orof MFI<50), while patients 19, 21 and 27 show higher ex-
actin, followed by HRP-conjugated anti-mouse 1gG. Spe- pression. Representative histograms from three patients with
cific bands were developed by enhanced chemiluminis- different levels of FgRIIA expression on CD19cells are
cence (ECL, Amersham Pharmacia Biotech, Piscataway,depicted inFig. 1A. As expected, gated monocytes present
NJ). in PBMC from the same patient displayed high levels of the
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receptor (see inserts &fg. 1). To further confirm that V.3
(Fab) specifically recognizes #RIIA and not Fe/RIIB, we
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IgG (GAM) were used to avoid the interaction of these an-
tibodies through their Fc portion. Results kiig. 1B show

also stained normal B cells. In accordance with previous re- that homoaggregation of leukemicHRIIA did not trigger

ports[3-5], surface FgRIIA was neither detected in tonsillar
B cells Fig. 1A) nor in circulating B cells from age matched
normal donors (not shown).

The aggregation of RRIIA in myeloid cells triggers ac-
tivation signals that result in tyrosine phosphorylation of dif-
ferent cellular proteins and €amobilization[1-3]. In order
to determine whether R&IIA present on B-CLL cells was
able to induce cellular activation, we evaluated?Canobi-
lization and protein tyrosine phosphorylation uporyRHA
crosslinking with IV.3 and goat anti-mouse 1gG. Consider-
ing that B-CLL cells express high levels of $®IIB, Fab
fragments of IV.3 and Fgbfragments of goat anti-mouse

FcyRIIA expression
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C&* mobilization, while gated monocytes present in PBMC
from the same patient displayed a significant response. Sim-
ilar results were obtained after extensive crosslinking by
addition of sheep anti-goat IgG Faknot shown). Protein
tyrosine phosphorylation upon #RIIA homoaggregation
was evaluated by Western blot as described in Se@ion
Time course experiments were carried out with purified B-
CLL cells and PBMC from the same patient. As previously
reported[17], we observed two proteins of aproximately
55kDa which appear to be constitutively phosphorylated
in B-CLL cells independently of anti-RdRIIA stimulation
(Fig. 1C). In all the samples analyzed, specific crosslinking
of FcyRIIA failed to induce detectable protein tyrosine phos-
phorylation. This could not be attributed to technical pitfalls
because PBMC from the same patient showed a clear re-
sponsefig. 1C, right panel), most probably due to crosslink-
ing of monocytic F§RIIA. Given that monocytes comprised
less than 3% of PBMC in all the samples analyzed, the
method we used to homoaggregate/R8A was highly ef-
ficient. Taken together, these results indicate thatRFA
expressed on B-CLL cells is unable to transduce activatory
signals.

3.2. Functional analysis of BRIIB expressed on
B-CLL cells

The best known function of R&RIIB is its inhibitory
capacity, which has been commonly studied in the context of
BCR signaling. Thus, RRIIB is able to diminish activation

Fig. 1. Functional analysis of FRIIA. (A) The expression of FgRIIA

was evaluated by using Fab fragments of 1V.3 MoAb (solid line) or
isotype-matched Ab (grey area) and saturating concentrations of GAM
FITC-conjugated. The figure showsyRIIA expression on leukemic cells
(CD19") and gated monocytes (see inserts) from three representative pa-
tients. The FgRIIA expression on non-leukemic tonsillar B cells is also
shown. (B) C&* mobilization induced by FgRIIA crosslinking was evalu-
atedin purified B-CLL cells and peripheral blood mononuclear cells (PBMC)
from the same patient by flow cytometry. Cells previously loaded with
FLUO-3AM, were treated with IV.3 Fab and #RIIA was crosslinked by
adding GAM (arrow). C&" mobilization was recognized as an increase in
FLUO-3AM fluorescence. Results from a representative experimend)

with purified B-CLL cells are shown in left panel. A gate based on for-
ward and side scatters was used to evaluate monocytési@ailization in
PBMC from the same patient (right panel). (C) Protein tyrosine phospho-
rylation induced by FgRIIA crosslinking was evaluated by Western blot
(n=6) in B-CLL cells and PBMC from the same patient (right panel). Cells
(2 x 10°) were cultured with or without IV.3 Fab, resuspended in complete
medium containing GAM and cultured at 3Z. Reaction was stopped at the
times indicated by adding cold PBS. Western blot was performed as it was
described in Sectio@. Tyrosine phosporylated proteins were detected by
direct immunoblotting using the antibody 4G.10 and HRP-conjugated anti-
mouse IgG. The molecular mass of protein standards is shown. The same
membrane was blotted with MoAb anti-actin to compare the total amount
of protein in each sample.
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Fig. 2. Functional analysis of F&IIB. (A) FcyRIIB inhibition of BCR-induced ERK1/2 phosphorylation was evaluated by Westernriptog). B-CLL cells

(2 x 10°) were cultured at 37C with 15g/ml of anti-lgM Falj, (F) or whole molecule (W). Antibodies were carefully titered to ensure that equivalent molar
concentration of intact IgG and Fatvere used. Western blot was performed as it was described in SBetimhantibodies against phospho-ERK1/2 were used

in the immunoblotting. The same membrane was blotted with MoAb anti-actin to compare the total amount of protein in each sample. (B) Apoptosis inducti
upon FeyRIIB homoaggregation was evaluated in purified B-CLL cells negative fgRH&. Cells were cultured with (hatched bar) or without (open bar)
AT.10 for 15 min at room temperature, washed and then cultured in complete medium containing goat anti-mousé (GAMaResults obtained at 96 h

of culture by fluorescence microscopy are expressed as #n8ah.M.,n=15. Apoptosis quantitation by flow cytometry shows the percentage of nuclei with
hypodiploid DNA content. Histograms of a representative experiment are shown. (C) B-CLL cells treated with IL4 (50 ng/ml) were cultured withq@che

or without (open bars) AT.10 and GAM, as described above. Apoptosis was daily evaluated by fluorescent microscopy. Results obtained at 96 hheof culture a
expressed as mednS.E.M.,n=12, (*) statistical significancep< 0.01) compared to control cells. (D) Apoptosis induction upopRtB homoaggregation

was evaluated in purified tonsillar B cells as described above. Results obtained at 48 h of culture by fluorescence microscopy are expressett &skhglmean
n=4. A representative experiment of apoptosis quantitation by flow cytometry is also shown.

signals initiated by BCR crosslinking such as tyrosine a stronger ERK phosphorylation in B-CLL previously
phosphorylation of a broad range of proteins, including treated with algG compared to untreated B-CLL cells (data

ERK1/2 [4,5]. In order to analyze whether #RIIB is
functional in B-CLL cells, we evaluated its ability to inhibit
BCR-induced ERK1/2 activation. These experiments were
carried out with B-CLL samples that readily respond to
BCR aggregation, since, as previously repoftes-17] we
found that a significant proportion of B-CLL clones were
anergic to stimulation via BCR. ERK1/2 phosphorylation
was analyzed by Western blot in purified leukemic cells
treated with anti-IgM Fapto specifically cluster BCR, or
anti-lgM whole molecule to co-cluster BCR andyRIIB.

As shown inFig. 2A, co-clustering of BCR and Rd&Rll with
anti-lgM whole molecule resulted in a significant inhibition
of ERK1 phosphorylation, indicating that B-CLL #RIIB

is able to transduce inhibitory signals. Although the anti-IgM

not shown).

In addition to its well-known inhibitory capacity, it was
previously reported that murine #RIIB can also deliver
pro-apoptotic signals upon homoaggregaf@jnTaking into
account that B-CLL cells express high levels of functional
FcyRIIB, we asked whether R&IIB crosslinking could in-
duce B-CLL cell apoptosis. To this aim, we induced selective
ligation of FeyRIIB in B-CLL samples negative for RaRIIA,
by using the pan-FRIl MoAb AT.10 plus GAM and daily
evaluated apoptosis as described in SecioAis shown in
Fig. 2B, there was no significant differences in the apoptotic
rates of control and treated cells. Comparable results were ob-
tained when platebound AT.10, algG or platebound human
IgG were used to extensively crosslinkyiRi1B (not shown).

antibodies were carefully titered to ensure that equivalent These findings indicate that #R11B homoaggregation was

molar concentration of intact IgG and Falere used, we
performed further experiments to rule out that the diminished
signaling found with anti-lgM whole molecule might be due
to a lower activity of the antibody. To this aim, we used heat

unable to trigger B-CLL apoptosis. In an attempt to over-
come this lack of response, we used IL-4, a cytokine that was
shown to favour apoptosis induced byyRiIB crosslinking

in murine B lymphocyte$6]. To this aim, purified B-CLL

agreggated human IgG (algG) to block the receptor before cells were incubated in the presence of IL-4 for 24 h and then

triggering BCR with anti-lIgM whole molecule. We found
that anti-lgM whole molecule (1pg/ml) was able to induce

specific homoaggregation of #RIIB was induced as de-
scribed above. In agreement with previous repf&-30]
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we found that IL-4 markedly inhibited spontaneous B-CLL intermediate disease (RAI Il) expressedyRtIA, whereas
cell apoptosisKig. 2C). More importantly, we observed that five out of six patients with aggressive disease (RAI llI-1V)
this protective effect was not affected byyRIIB homoag- were positive for the myeloid R&RIIA (Table 1. Although,
gregation. these data suggest thatyRIIA could be preferentially
Given the well-known resistance of B-CLL cells to apop- expressed in B-CLL cells from patients with more advanced
tosis[9-11], the inability of FeyRIIB to deliver pro-apoptotic ~ disease, this observation will need to be rigorously confirmed
signals might be a particular feature of the leukemic cells. To using larger numbers of B-CLL patient samples.
our knowledge, whether human¥RIIB is able to induce Concerning FgRIIB, we have previously reported that
pro-apoptotic signals was not evaluated yet. Therefore, weB-CLL cells express comparable or even higher levels of
carried out experiments using non-malignant B lymphocytes FcyRIIB than normal B lymphocyte§l2]. We here show
from human tonsils and observed that homoaggregation ofthat: (1) FeyRIIB is functional in B-CLL cells since it effec-
FcyRIIB was completely unable to promote B cell apoptosis tively diminished BCR-triggered ERK1 activation, and (2)
(Fig. 2D). These results suggest that the inability of RtiB FcyRIIB homoaggregation does not generate proapoptotic
to induce B-CLL apoptosis is not a particular characteristic signals, as was described for murine B céflk This lack
of leukemic cells but rather it seems that murine and human of effect is unlikely to be due to a particular resistance of
FcyRIIB trigger different signaling pathways upon homoag- leukemic cells to apoptosis since we found that, in normal
gregation. B lymphocytes, the engagement offiRIIB was also unable
to modify cell survival. These negative findings suggest that
different signaling pathways may be triggered in human and
4. Discussion murine B cells upon FRIIB homoaggregation.
In normal B cells, inhibitory signaling through #RIIB
FcyRIl isoforms are cell surface receptors for antigen— can be triggered in vivo by antigen—antibody complexes that
antibody complexes which display coordinate and opposite simultaneously bind to the BCR through free antigenic epi-
roles in immune responses depending on their cytoplasmictopes and to FgRIIB via Fc fragment of antibody. Of note, it
regions[1-3]. As we have previously reportédi3], we find has been reported that upon BCRyRtIB aggregation, not
that leukemic B cells from a proportion of B-CLL patients only BCR mediated1,4,5,36] but also signals triggered by
aberrantly express the myeloidyRIIA. We here demostrate  other receptors are subject to inhibition viayR$IB [37].
that specific crosslinking of R&RIIA on B-CLL cells did not Because a significant proportion of B-CLL clones express
result in activation signals as occurs in myeloid cells. Thus, polyreactive BCR38-42]leukemic cells may interact with
neither C&* mobilization nor protein tyrosine phosphoryla- a variety of IgG immune complexes, which could activate
tion were observed in purified leukemic lymphocytes upon FcyRIIB inhibitory signaling.
FcyRIIA homoaggregation. Different factors could account In conclusion, our results show thatRIIB, but not
for FcyRIIA nonresponsiveness in B-CLL cells. The simplest FcyRIIA is biologically active in B-CLL cells and support
explanation might be the expression of a defectivgRitA the possibility that recognition of immune complexes influ-
protein. However, an impaired recruitment of the receptor ences leukemic cell physiology in vivo.
to membrane rafts can also explain our findings. Indeed, the
association of FgRs to membrane rafts represents the ini-
tial step for receptor signaling, and is in these rafts where Acknowledgements
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