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Inhibition of Fcy Receptor-Mediated Phagocytosis
by a Nonphagocytic FcyReceptor

By Sharon Hunter, Zena K. Indik, Moo-Kyung Kim, M. Danielle Cauley, Jong-Gu Park, and Alan D. Schreiber

There are three major classes of human Fcy receptors (FcyRl,
FcyRIl, and FcyRIIl) and various isoforms of each class are
capable of mediating phagocytosis. FcyRIIA is an unusual
Fcy receptor in that it transmits a phagocytic signal in the
absence of an additional receptor subunit. The cytoplasmic
domain of FcyRIIA contains a conserved motif containing

on FcyRIIA signaling. FcyRIIB inhibited phagocytosis medi-
ated both by FcyRIIA and by a chimeric FcyRIIA receptor
containing the extracellular domain of FcyRI and the trans-
membrane and cytoplasmic domains of FcyRIIA. This inhibi-
tion occurred at an early signaling stage because tyrosine
phosphorylation of the FcyRIIA cytoplasmic domain was

two copies of the sequence YXXL. The tyrosines (Y) within
the motif are phosphorylated after receptor crosslinking and
the integrity of these conserved sequences is required for
efficient phagocytosis. The FcyRIIB receptors, FcyRIIB1 and
FcyRIIB2, contain one copy of the cytoplasmic YXXL se-
quence and do not transmit a phagocytic signal. In B cells,
FcyRIIB negatively regulates B-cell activation by the B-cell
antigen receptor. Human macrophages express both FcyRIIA
and FcyRIIB and while FcyRIIA mediates phagocytosis, the
function of FcyRIIB in these cells is unknown. Using the
epithelial/fibroblast-like cell line COS-1 as a model to exam-
ine the molecular events that regulate the phagocytosis of
IgG-coated cells (EA), we investigated the effect of FcyRIIB

inhibited after concurrent stimulation of these receptors
with EA. FcyRIIB mutations showed the importance of the
FcyRIIB YXXL for inhibition of FcyRIIA-mediated phagocyto-
sis. Deletion of the FcyRIIB YXXL or conservative replace-
ment of the YXXL tyrosine substantially reduced the inhibi-
tory signal. FcyRIIB had a lesser inhibitory effect on
phagocytosis by the Fcy receptor FcyRIIIA, which requires a
v subunit to mediate a phagocytic signal. These results show
that FcyRIIB negatively regulates phagocytic signaling by
FcyRIIA and suggests that FcyRIIB plays a role in modulating
FcyRIIA function in vivo.
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HAGOCYTOSIS PLAYS an important role in host defense gous to FcyRIIA in their extracellular and transmembrane
against microbial infection and is a major function of regions, but the cytoplasmic domains of theyRtB receptors

monocytes and macrophages. Monocytes and macrophagabare little homology with FgRIIA. Because of the difficulty
induce a phagocytic signal through their cell-surfacey Fc associated with examining individual frceceptors in hemato-
receptors (FcyR) which detect and bind 1gG coated cellspoietic cells where several different ¥R classes may be
through the constant (Fc) region of IgGHuman macrophages expressed, we have used the fibroblast/epithelial-like cell line
express receptors from all threeyRe classes: FcyRI, FcyRIl,  COS-1 as a model system to evaluate individual FcyR function.
and FcyRIll. Although Fg receptors share similar structures, FcyRIIA, when transfected into these cells, can efficiently
including homologous extracellular IgG binding domains, the phagocytose antibody coated erythrocytes (EA).
individual Fcyreceptors differ significantly in their cytoplasmic  Much attention has focused on the presence of the pair of
regions. The divergence in the structures of the Feceptor  tyrosine containing sequences (YXXL) found within the cyto-
cytoplasmic domains largely accounts for their distinct func- plasmic domains of most receptors of the Ig gene superfamily or
tions. their associated subunitd® This immunoreceptor tyrosine-

The FcyRIl class of receptors is encoded by three genespased activation motif (ITAM) is required for signal transduc-
FcyRIIA, FcyRIIB, and FgRIIC.* FcyRIIA is expressed on  ion through these receptors. ¥RIIA contains an ITAM-like
phagocytic cells such as monocytes and macrophages and is tegnsensus motif consisting of two YXXL sequences separated
only FcyR present on platelets. ¥RIIB receptors are ex- |, 12 amino acids. Phosphorylation of the tyrosines (Y) within
pressed on monocytes and macrophages as well as on lymphoifis motif is essential for FeRIIA-mediated phagocytosis and
cells (B cells and some subpopulations of T cells) and maste importance of the ITAM-like region in F&IIA-mediated
cells® The two major isoforms of FcyRIIB, FeyRIIBL, and  gighajing has been established by extensive mutation and
FcyRIIB2 are identical except for a 19-amino acid insertion in deletion studied? Although FcyRIIB receptors do not contain a
the FcyRIIB1 cytoplasmic domain resulting from alternative consensus ITAM in their cytoplasmic domain, they do contain
splicing of the FcyRIIB gen@ FeyRIIB isoforms are homolo- 0 vy sequence (YSLL). This YSLL is contained within an

ITIM sequence (for immunoreceptor tyrosine-based inhibitory
.. motif). The ITIM sequence found in F&IIB was first studied
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the cytoplasmic domain of FcyRIIA, we further showed thatthe Immunoprecipitation and Western blottingAfter stimulation of
FcyRIIB YSLL tyrosine is important for the inhibitory effect. FcyR-transfected COS-1 cells with EA at 37°C for 30 minutes, the cells
Signaling through the RRIIA cytoplasmic domain and tyro- Were placed on ice to stqp fur.ther phagocytosis. Externally bognd EA
sine phosphorylation of the FRIIA chimeric receptor are was remgved by hypotonic lysis and the .COS-l cell I){sate obtalngd by
decreased after costimulation of theyRiIA chimera and the addition of 1.0 mL RIPA buffer (1% Triton X-100 [Sigma, St Louis,
FcyRIIB. These data indicate that oneyFeceptor isoform MO], 1% deoxycholate, O'.l% sodium dodecyl sulfate [SDS], 158
. . " mmol/L NaCl, 10 mmol/L Tris pH 7.2, 5 mmol/L NaEGTA, 1 mmol/L
FcyRIIB, can regulate phagoc_yt03|s mediated by another monof)henylmethylsulphonyl fluoride [PMSF], 1 mmol/L §10,, 50 pg/mL
cyte/macrophage Fagceptor isoform, FgRIIA. leupeptin, and 10 pg/mL aprotinin) followed by incubation on ice for 30
minutes. Cleared lysates were immunoprecipitated with the appropriate
MATERIALS AND METHODS antibody (10 pg/mL antiphosphotyrosine polyclonal antibody [Phar-
Construction of FgRIIB mutants. All cDNAs were expressed in  Mingen, San Diego, CA; cat. no. 14201A]). Immunoprecipitates were
the eukaryotic expression vector PRC/CMV (Invitrogen, San Diego,analyzed by SDS-polyacrylamide gel electrophoresis and immunoblots
CA). Two-step overlap-extension polymerase chain reaction (PCRwere performed with antiphosphotyrosine MoAb 4G10 (UBI, Lake
using the appropriate oligonucleotide primers was used to construct th@lacid, NY). Immunoblots were developed with horseradish peroxidase—
mutant cDNAs. Clones were subjected to DNA sequencing to verify theconjugated goat-anti-mouse 1gG (BioRad, Richmond, VA) and visual-
mutations. The following FgRIIB mutants were constructed: Trun-B2 ized by enhanced chemiluminescence (Amersham Corp, Arlington
(FcyRIIB2 with the cytoplasmic domain deleted), B1-YF and B2-YF Heights, IL).
(FcyRIIB1 and FgRIIB2 isoforms in which the tyrosine [Y] of the
YSLL sequence has been mutated to phenylalanine [F]), BLAYSLL and
B2AYSLL (FcyRIIB1 and FgRIIB2 isoforms in which the YSLL RESULTS
sequence has been deleted), and B2-YETL and B2-YMTh/RHES2 FcyRIIB inhibits FcyRIIA-mediated phagocytosisWhen
inwhich the YSLL has been changed to YETL or YMTL, respectively). transfected into COS-1 cells, the Fagceptor, FCyRIIA,
Cell culturg ahd CQS-l cell transfec_ti_onCOS-l cells were cul-  mediates the phagocytosis of IgG-coated RBCs (EA).
turetd and m"’l“ma'ne‘i”; D“'?GCLCO'SI”IOd'_f'ed Eag'eysl;r_ed“t’m (tDMEM) contrast, two other members of thisyieceptor class, RRIIB1
(100 Uimby, perieiin (106 mglinL. and 10% heatmacivared foal 21 FERIIB2, do not phagocytose EA when expressed in
' ! COS-1 cells3 In other cell types such as B cells, ¥RIIB

bovine serum. COS-1 cells were transiently transfected at 80% conflu AR N .
ency (3% 10° cellsiwell in a six-well plate) in DMEM culture medium  "€Ceptors are known to inhibit certain signaling pathwéys.

containing diethylaminoethyl (DEAE)-dextran (750 pg/mL), chloro- Therefore, we examined the possibility that theyRHB
quine chloride (100 umol/L), and 4.0 ug plasmid DNA per milliliter. receptors might inhibit the R&IIA signal for phagocytosis.

After 3.5 hours of incubation at 37°C the transfection medium was The FcyRIIB isoforms FgRIIB1 or FcyRIIB2 were cotrans-
removed and the cells incubated in a 10% solution of dimethyl sulfoxidefected with FgRIIA into COS-1 cells. The cotransfected cells
in phosphate-buffered saline (PBS) for 2 minutes at room temperaturayere incubated with EA and the extent of phagocytosis was
The cells were then washed twice with DMEM, overlaid with fresh compared with cells expressing FcyRIIA alone. Cotransfection

T ot o0 el (s O M FOYRIB receptor had a mared nibiory et on he
Antibody-coated sheep erythrocytes (Rockland, Gilbertsville, PA) (EA) phagocytosis of EA by FRIIA. We observed a reduction of

were prepared in magnesium- and calcium-free PBS by incubatin pproximately 60% in bc_’th the phagocytic index and the %
10°/mL sheep RBCs with an equal volume of the highest subagglutinattransfectants phagocytosing EA.

ing concentration of IgG rabbit-anti-sheep RBC antibody (Cappel In these transfection experiments, MoAb 41H16, reported to
Laboratories, West Chester, PA) as previously descritiégte medium  differentiate between the His 131 variant ofyRIIA and
was removed from the COS-1 transfectants and the cells overlaid with &cyRIIB, which has Arg at 131, did not clearly distinguish
large excess of EA (FOEA in 1.0 mL for 3X 10° COS-1 cells) and  between FcyRIIA and RRIIB. Therefore, it was difficult using
incubated at 37°C for 30 minutes. Unbound EA were washed away withFcyRIl MoAbs and flow cytometry to measure the expression
PBS, and EA binding to the transfected cells was determined. Extrac'elof FcyRIIA in the presence of FcyRIIB. However, we have
lularly bound EA was then removed by a short (20 seconds) wash W'”'Freviously shown the importance of the cytoplasmic domain in

0.25% PBS. The cells were stained with Wright-Giemsa and the numbe L o .
of COS-1 cells with more than one internalized EA was determined in ransmitting the FCyRIIA phagocytic Slgnﬁ’ITruncatlon of the

blinded fashion by light microscopy. At least 300 cells were counted pe _CVR”A Cy_tOpIaS_m'C domain eliminates its phagocytlc func-
experiment. Phagocytosis was expressed as phagocytic index (PI), tHiPn and d'srum_'on_ of the ARIIA CYtOplasm'C ITAM se-
number of EA ingested per 100 COS-1 cells. The percent celisquence, by substituting the tyrosines with phenylalanine, severely
phagocytosing at least 1 EA was also determined. Levels of expressiofeduces or eliminates the receptor’s phagocytic sighab
of the phagocytic chimeric receptors (I-1lA-1A at-y-y) were deter-  clearly determine the expression ofy|RIIA in the presence of
mined by flow cytometry. FcyRIIB in our cotransfection experiments and to confirm that
Flow cytometry. A total of 1 cells was incubated on ice for 30 the decrease in phagocytosis was not caused by a Change in
minutes with anti-FgRII monoclonal antibody (MoAb) V.3 (for FcyRIIA expression, we used a chimeric yRil receptor
FcyRIIB staining) or anti-FgRl MoAb 32.2 (for staining the chimeric I-IIA-IIA (EC-TM-CYT). I-lIA-lIA contains both the transmem-
FcyRIIA receptor containing the extracellular [EC] domain of FcyRl, brane (TM) and cytoplasmic (CYT) domains of wild-type (WT)

I-IIA-IIA [EC-TM-CYT]). The cells were washed and labeled with . .
fluorescein isothiocyanate—conjugated goat—anti-mouse’)k(dG FcyRIIA but the extracellular (EC) domain of #BI and is

(TAGO Inc, Burlingame, CA) for 30 minutes on ice. After washing, the therefore rgcognlzed by the anti-fRl MO_Ab 32.2. When
cells were fixed in a solution of 4% paraformaldehyde. Isotype controls€Xpressed in COS-1 cells the I-lIA-IIA chimera mediated the
were used for all antibodies and fluorescence was measured on phagocytosis of EA with an efficiency comparable to WT
FACSTAR cytometer (Becton Dickinson, Mountain View, CA). FcyRIIA.11415Therefore, the chimeric receptor I-1IA-11A serves
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as a model for FgRIIA, allowing examination of phagocytosis FcyRIIB YSLL region (BAYSLL) reduced the ability of
by the Fg/RIIA cytoplasmic domain. FcyRIIB2 to inhibit phagocytosis by I-1IA-1IA. Replacement of
Similar to the observation with WT R®IIA, cotransfection  the YSLL tyrosine (Y) with phenylalanine (F) (B2-YF) also
of COS-1 cells with I-lIA-IIA and FcyRIIB2 resulted in a reduced the inhibitory activity of FcyRIIB2. Flow cytometry
decrease in phagocytosis compared to COS-1 cells transfecteghalysis showed that the cell-surface expression of the I-IIA-1IA
with I-IIA-lIA alone (Fig 1A). In the three representative chimeric receptor was similar within each experiment and that
independent experiments shown, flow cytometry histogramsne cell-surface expression of theyRIIB2 mutants and WT
demonstrate that similar levels of I-IlA-1IA were expressed in FcyRIIB2 was also similar within each experiment. These data
both the presence and absence of FcyRIIB (Fig 1B). Thus, theygicate that FRIIB2 inhibition of the phagocytic signal
decrease in I-IA-IIA phagocytosis observed in cells cotrans-megiated by the chimeric receptor I-IA-IIA directly involves
fected with FcyRIIB is not caused by a change in the expressiony, FcyRIIB2 cytoplasmic YSLL sequence. The results of
of the I-1lA-llA receptor. : . _experiments with FcyRIIB1 were similar to those with
We constructed a mutant FcyRIIB, Trun-BZ_, which contains FeyRIIB2. Costimulation with EA of I-IA-IIA and FgRIIB1
the WT extracellular and transmembrane regions offfitB2 also resulted in inhibition of phagocytosis by I-lIA-IIA and

but lacks the entire ARIIB cytople}s_mlc domain. This trun- deletion of the FgRIIB1 YSLL (B1AYSLL) or mutation of the
cated FcyRIIB bound EA as efficiently as WT +RIIB. . ) o
. : tyrosine (Y) to phenylalanine (F) (B1-YF) reduced the inhibi-
However, in contrast to cotransfection of WTARIIB and f-f f FaRIIB1 (d h
I-1IA-1IA, cotransfection of Trun-B2 and I-lIA-IIA did not tory e ﬁcto o ( a:]a not sdlown). h ic signal |
inhibit phagocytosis (Fig 2). These data indicate that the Another checeptort at mediates a p agocy_tlc_: signal IS
FcyRIIIA. We previously showed that the efficiency of

inhibition of phagocytosis mediated through the cytoplasmic i ; e -
domain of FcyRIIA by cotransfected FcyRIIB requires the FcyRIIIA-mediated signal transduction is due in part to the
FcyRIIB receptor cytoplasmic domain. sequence of internal (XX) amino acids within the YXXL motifs

The FoyRIIB YSLL sequence is required for the inhibition of of its associateg-chain!é Therefore, we studied the role of the
FcyRIIA-mediated phagocytosis A series of experiments was  internal amino acids (XX) within the R&IIB YXXL cytoplas-
performed to examine the importance ofyRtIB cytoplasmic ~ Mic sequence. We observed that the specific YXXL internal
sequences for inhibiting FcyRIIA-mediated phagocytosis. Theamino acids (SL) of FgRIIB do not appear to be important for
FcyRIIB cytoplasmic domain contains a 13-amino acid region,regulating the FgRIIA phagocytic signal. Changing the #RIIB
the ITIM, which includes a YSLL sequence required for YSLL to either YMTL or YETL (B2-YETL and B2-YMTL),
regulation of receptor signaling in B lymphocyfésThat this ~ thus creating YXXL sequences identical to those found in
sequence is also required foryRIIB-mediated inhibition of  FcyRIIA or the Fey receptory-chain, did not alter the inhibitory
FcyRIIA phagocytic signaling was indicated in experiments activity of FcyRIIB (data not shown). Thus, the cytoplasmic
using a deletion mutant of FRIIB (Table 1). Deletion of the tyrosine rather than the sequence of the internal XX amino acids

A % Phagocytosis Phagocytic  Index
(PI)
Experiment 1 2 3 1 2 3
I-11A-TTA 17 24 25 48 15 87
I-1IA-IA + FeyRIIB2 7 12 15 21 41 57

.:. ;{h\%\i\;‘:\ -
i DAY ,\::‘

]

Experiment 1 Experiment 2 Experiment 3

Fig1l. Phagocytosis of EA mediated by the chimeric receptor I-IIA-1IA in COS-1 cells expressing I-IIA-1IA alone or I-lIA-IIA plus FcyRIIB2. (A) The
percent of cells that phagocytose EA and the phagocytic index (Pl, number of ingested EA/100 transfected COS-1 cells) for three representative
experiments are shown. (B) Expression of the chimeric receptor as determined by flow cytometry. Cells were stained with MoAb 32.2 to measure
I-1IIA-IIA expression in the presence ( ) or absence (......... ) of FcyRIIB2. (. . . .), Indicates transfectants stained with isotype control antibody.
The expression of FcyRIIB was determined by flow cytometry after staining with MoAb 1V.3. Mean fluorescence intensity (MFI) for FcyRIIB2 in
experiments 1, 2, and 3 was 104, 91, and 80, respectively. The fluorescence histogram shows that the expression of I-IIA-IA (MFI) in the presence
or absence of FcyRIIB2 was virtually the same. Thus, FcyRIIB2 decreased phagocytosis by I-1IA-1IA without changing the cell-surface expression
of I-IIA-IIA.
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A %  Phagocytosis Phagocytic  Index
(PI)
Experiment 1 2 3 1 2 3
[ J
1-11A-11A 25 21 24 87 90 75
I-IA-1IA + Trun-B2 25 19 21 84 80 88

Experiment 1 Experiment 2 Experiment 3

Fig 2. Phagocytosis mediated by the chimeric receptor I-IIA-IIA in COS-1 cells expressing the I-1IA-IIA chimera alone or the I-lIA-IIA chimera
plus the FcyRIIB mutant lacking a cytoplasmic domain, Trun-B2. (A) The percent of cells phagocytosing EA and the phagocytic index for three
representative experiments are shown. (B) Expression of the chimeric receptor I-1IA-11A as determined by flow cytometry. Cells were stained with
MoADb 32.2 to measure I-IIA-lIA expression in the presence ( ) or absence (......... ) of Trun-B2. (. . . .), Indicates transfectants stained with
isotype control antibody. The expression (MFI) of I-IIA-IIA was the same in the presence or absence of Trun-B2 in each experiment. The expression
of Trun-B2 was determined by staining with anti-FcyRIl MoAb IV.3. MFI for Trun-B2 in experiments 1, 2, and 3 was 55, 44, and 60, respectively.

within the YXXL of the ITIM is of primary importance for phagocytosis, FRIIIA phagocytic signaling is mediated
FcyRIIB inhibition of FeyRIIA-mediated phagocytosis. through an associatedchain subunit. In these experiments we
FcyRIIB reduces tyrosine phosphorylation offRIIA. The made use of a chimeric molecule consisting of the EC domain
cytoplasmic ITAM-like sequence is important for phagocytic of FcyRIIIA and the transmembrane (TM) and cytoplasmic
signaling by FcyRIIA. FcyRIIA is tyrosine phosphorylated (CYT) domains of they-chain, a-y-y (EC-TM-CYT). In
after receptor stimulation and this early signaling event iscontrast to I-llA-llIA-mediated phagocytosis, phagocytosis of
required for efficient phagocytosi8Disruption of the tyrosines EA by a-y-y was only minimally decreased by costimulating
within the ITAM-like region significantly inhibits Fgreceptor-  FcyRIIB anda-y-y in COS-1 cell transfectants (Table 2).
mediated phagocytosis in FcyRIIA-transfected COS-1 cells. In
addition, treatment with inhibitors of tyrosine phosphorylation DISCUSSION
reduces FcyRIIA-mediated phagocytosis in monocytes and We have observed that #RIIB inhibits the phagocytosis of
macrophages as well as in transfected COS-1 é&lestimula-  IgG-coated cells mediated by theyRIIA cytoplasmic domain.
tion of the chimeric Fg receptor I-IIA-IIA and FcyRIIB2 in  In these studies we used a COS-1 cell-model system and a
COsS-1 cell transfectants resulted in decreased tyrosine phospharhimeric receptor, I-llA-11A, to examine phagocytosis mediated
ylation of I-IIA-IIA (lane 6) compared with I-1IA-lIA alone by the FcyRIIA cytoplasmic domain sequences. We previously
(lane 2) (Fig 3). determined that the phagocytic signals mediated byRHA
The antiphosphotyrosine blot in Fig 3 indicates that it is theand the chimeric receptor I-1IA-1IA are similar. This approach,
contribution of the FcyRIIB2 cytoplasmic domain that is using FcyRIIA in the form of a chimera, allows the expression
responsible for the inhibition of I-1lA-IIA tyrosine phosphoryla- of FcyRIIA to be distinguished from the expression ofyR¢IB
tion. In this blot we show that costimulation of I-lIA-llIAand the in co-transfectants using MoAbs 32.2 and IV.3. MoAb 32.2
FcyRIIB2 mutant that is missing the cytoplasmic domain recognizes the EC of FcyRI and does not crossreact with the EC
(Trun-B2) does not decrease tyrosine phosphorylation of I-11A-of FcyRIIB, and MoAb IV.3 recognizes the EC of #RlII but
IIA (lane 4). In contrast, costimulation of WT FRIIB2 not the EC of FgRI in the chimera I-IIA-IIA.
markedly reduces tyrosine phosphorylation of I-lIA-lIA. Inthis ~ The data indicate that the decrease in I-llA-llA—-mediated
experiment there is no significant difference between thephagocytosis is not caused by decreased expression of the
expression levels of the WT and mutant (tailless)yRiB phagocytic receptor I-IIA-IIA. In addition, WT FcyRIIB2
receptors. I-IIA-1IA expression also does not change with theinhibits I-llA-11A phagocytosis whereas RRIIB2 cytoplasmic
coexpression of the additional FcyRIIB receptors. Thus, stimu-domain mutants, which are expressed at similar levels as WT
lating FcyRIIB2 leads to both decreased tyrosine phosphorylaFcyRIIB, do not inhibit phagocytosis by I-1IA-1IA (Table 1).
tion of I-IIA-IIA and decreased I-IIA-lIA-mediated phagocyto- Furthermore, because a large excess of ligand (>300 EA/
sis. COS-1 cell) was used to overlay the cells and because the
Inhibition by FeyRIIB of phagocytosis by the Faeceptor  extracellular domain of RRI (and I-11A-1IA) has a higher
FcyRIIA. The Fcyreceptor FcyRIIIA, which is expressed in  affinity for IgG ligand than does the extracellular domain of
such myeloid cells as macrophages, is also capable of mediatingcyRIIB, competition for available EA cannot explain our
the phagocytosis of IgG coated cells. UnlikeyRtIA-mediated  findings.
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Table 1. The Tyrosine-Containing Sequence Within the FcyRIIB
Cytoplasmic Domain Is Required for the Inhibition of Phagocytosis
by the Chimeric Receptor I-IIA-1IA

MFI
Pl a-FcyRI a-FcyRII

Experiment 1

I-IA-1IA 68 85 —

I-IIA-IIA + B2 25 75 64

I-IIA-IIA + B2-YF 55 79 61

I-IIA-IIA + B2AYSLL 59 88 66
Experiment 2

-IA-IIA 127 290 —

I-IIA-IIA + B2 76 214 65

I-IIA-IIA + B2-YF 138 240 80

I-IIA-IIA + B2AYSLL 138 308 84
Experiment 3

-IIA-IIA 91 302 —

I-IIA-IIA + B2 41 223 *

I-IIA-IIA + B2-YF 65 240 *

I-IIA-IIA + B2AYSLL 7 309 *
Experiment 4

I-IIA-IIA 169 297 —

I-IIA-IIA + B2 80 270 326

I-IIA-IIA + B2-YF 207 275 283

I-IIA-IIA + B2AYSLL 199 259 290

Four representative experiments are shown. The PI of I-IIA-IIA-
mediated phagocytosis was determined in the absence or presence of
FcyRIIB2 or its mutants. Within each experiment, expression of WT
FcyRIIB and mutant FcyRIIB was similar and FcyRIIB mutants did not
reduce the expression of I-IIA-IIA. B2, FcyRIIB2; B2-YF, FcyRIIB2 in
which the tyrosine in the YSLL cytoplasmic region has been changed
to phenylalanine; B2AYSLL, FcyRIIB2 in which the cytoplasmic YSLL
sequence has been deleted. Different preparations of MoAbs were
used in experiment 1 (anti-FcyRIl) and experiment 4 (anti-FcyRll).
a-FcyRI, anti-FcyRI (recognizes I-11A-11A); a-FcyRIIl, anti-FcyRII (recog-
nizes FcyRIIB).

*Not done.

Studies with FgRIIB mutants showed that inhibition of
phagocytosis requires an¥RIIB cytoplasmic sequence, YSLL,

HUNTER ET AL

Table 2. The Effect of FcyRIIB1(B1) and FcyRIIB2 (B2) on
Phagocytosis by the Chimeric Receptor FcyRIlIAa-y-y (EC-TM-CYT)

MFI
Pl a-FcyRIll a-FcyRIl

Experiment 1

a-y-y 140 261 —

a-y-y + Bl 127 227 104

a-y-y + B2 132 203 118
Experiment 2

a-y-y 210 169 —

a-y-y + Bl 198 140 102

a-y-y + B2 228 130 99
Experiment 3

o-y-y 139 146 —

a-y-y + Bl 103 149 149

a-y-y + B2 117 224 179
Experiment 4

o-y-y 76 127 —

a-y-y + Bl 63 128 128

a-y-y + B2 66 124 127

Four representative experiments are shown. The a-y-y chimera
contains the EC of the FcyRIIIA « chain and the TM and CYT domains
of the FcyRIIIA y chain. B1 and B2 minimally inhibited a-y-y phagocy-
tosis. Cell-surface expression of a-y-y was similar within each experi-
ment and was not reduced by the expression of FcyRIIB. a-FcyRIIl,
anti-FcyRIIl (recognizes a-y-v), a-FcyRIl, anti-FcyRIl (recognizes FcyRIIB).

because their replacement had no effect on the phagocytic
signal.

Because I-1IA-1IA contains the complete #RIIA cytoplas-
mic domain responsible for mediating the phagocytic signal, the
observations with I-lIA-lIA are pertinent for WT FcyRIIA.
Costimulation of FgRIIA and FcyRIIB likely alters signal
transduction mediated by the FcyRIIA cytoplasmic domain.
The mechanism of this interaction has not as yet been com-
pletely delineated, although in other signal transduction path-
ways, a role has been implicated for tyrosine phosphatdsés.
It is likely that a cytosolic factor, such as a phosphatase,
mediates the inhibition of phagocytosis byyiRIIB. Inhibition

within the 13-amino acid ITIM region. Of primary importance by FcyRIIB of phagocytosis mediated by theyRiIA cytoplas-

for the inhibitory signal is the presence of the YSLL tyrosine mic domain occurs at an early stage after receptor activation,
because its replacement with phenylalanine reduced the abilithecause tyrosine phosphorylation of theyRHA cytoplasmic

of FcyRIIB to inhibit phagocytosis mediated by the chimeric domain was reduced after costimulation of both the I-IIA-1IA
receptor I-lIA-IIA. We observed that the internal SL amino chimera and FcyRIIB2. Receptor tyrosine phosphorylation,
acids of the YSLL sequence are not critical for the inhibition including FcyRIIA tyrosine phosphorylation, is an early step in

-+ - + - +
P T B
1 2 3 4 5 6

Fig 3. Antiphosphotyrosine immunoblot of the chimeric I-IIA-IIA
receptor in COS-1 cells transfected with I-1IA-IIA alone, I-1IA-1IA plus
FcyRIIB2, and I-IIA-IIA plus Trun-B2. Lanes 1 and 2, I-IIA-lIA transfec-
tants; lanes 3 and 4, I-1IA-1IA plus Trun-B2 cotransfectants; lanes 5 and
6, I-IIA-1IA plus FcyRIIB2 cotransfectants. Transfected cells were either
not stimulated (—) or stimulated (+) with EA. The arrow shows the
position of the tyrosine phosphorylated I-IIA-IIA chimera (60 kD). The
expression of I-IIA-IIA was similar in each transfection. FcyRIIB and
Trun-B2 were also expressed at similar levels (MFI for FcyRIIB was 114
and 104 for Trun-B2).

signal transduction and is required for efficient FcyRIIA-
mediated phagocytosis both in our COS-1 cell model system
and in human monocytes and macrophagés.

FcyRIIB is known to play a role in inhibiting the proliferation
of B cells}12 Recent work in B-cell and mast cell model
systems has shown that this phenomenon is not restricted to B
cells and has led to further understanding of the mechanism of
the FcyRIIB inhibitory proces¥-220One observation emerging
from work with rat basophilic leukemia (RBL) cells and
B-lymphoma cell lines is that the FRIIB inhibitory signal
may affect many receptors of the Ig gene superfamily that signal
through ITAM sequences. The studies show thatyFd¢B
inhibits serotonin release induced by costimulating FceRI (a
member of the Ig gene family) in mast cells. Serotonin release
in RBL cells by chimeric receptors containing the cytoplasmic
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domain of the T-cell receptat-chain or by FcyRIIA is also  phagocytic signal by FRIIA,210.13 decreased tyrosine phos-
inhibited by FcyRIIB?2 Here we have shown that FcyRIIB can phorylation induced by FcyRIIB is likely responsible for the
also inhibit an important RRIIA function of monocytes and inhibition of FeyRIIA-mediated phagocytosis.
macrophages.
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