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Abstract

Fc receptors for immunoglobulins are found on many cells and
are important in host defense. We transfected FcyRIIIA, pres-
ent on macrophages and natural killer (NK) cells, into COS-1
cells to study its role in phagocytosis and calcium mobilization
in the absence of other Fcy receptors. Human FcyRIIIA-«
(CD16) was cotransfected with its associated chains, either
FcyRIIIA v or {. Both vy and { were observed to induce a phago-
cytic signal, but v was at least sixfold more effective than {.
Conservative substitution by phenylalanine of either one of the
two cytoplasmic tyrosine residues in the v chain resulted in
markedly diminished phagocytosis and calcium mobilization.
Tyrphostin 23, an inhibitor of tyrosine kinases, reversibly inhib-
ited phagocytosis. Further, in vitro kinase assays with the wild
type and mutant v chains demonstrated that the wild type v
chain, but not the mutant v chains, is phosphorylated. These
results suggest that the cytoplasmic tyrosine residues and tyro-
sine phosphorylation are required for FcyRIIIA to mediate two
signal transduction events: phagocytosis and calcium mobiliza-
tion. (J. Clin. Invest. 1993. 92:2073-2079.) Key words: Fc re-
ceptors » phagocytosis ¢ signal transduction ¢ tyrosine phos-
phorylation ¢ calcium mobilization

Introduction

One important function of Fcy receptors in host defense is the
ingestion or phagocytosis of IgG sensitized cells. There are
three classes of human Fcy receptors, FcyRI, FcyRII, and
FcyRIII, which are distinguished by their structure, binding
affinity, and cellular distribution (1). All Fcy receptor genes
have been mapped to the long arm (q23-24) of chromosome 1
(1) and exhibit highly conserved extracellular domains, but
their divergent cytoplasmic structures may have functional im-
plications in signal transduction (2-5).
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FcyRIIIA appears to mediate phagocytosis in macrophages
and antibody-dependent cellular cytotoxicity (ADCC)! in nat-
ural killer (NK) cells (6, 7). FcyRIIIA is a multichain complex
of a single a subunit containing IgG binding domains and a
disulfide linked homo- or heterodimer of v and ¢ subunits,
forming different isoforms by the subunits (5, 8). The v chain,
initially identified as a dimeric subunit in the tetrameric FceRI
complex, is associated with FcyRIIIA in macrophages and NK
cells (8). The ¢ chain is associated with the TCR complex in
T-cells (9) and the FcyRIIIA complex in NK cells (10). v and
¢ homo- or heterodimers are essential for surface expression of
the a subunits of FceRI and FcyRIIIA (8, 11) and may contrib-
ute to signal transduction through a conserved motif contain-
ing tyrosine residues in the cytoplasmic tail (12, 13, 14). The vy
chain tyrosine(s) is rapidly and reversibly phosphorylated
upon crosslinking of FceRI (15).

Definition of the biological functions of each Fcy receptor
has been hindered by the expression of multiple Fcy receptor
family members in most hematopoietic cells and cell lines. Re-
cently, COS-1 cells and 3T3 cells, which lack endogenous Fcy
receptor, were observed to phagocytose IgG-sensitized cells
(EA) when transfected with Fcy receptor cDNAs (3, 14, 16).
We used COS-1 cells to investigate the capacity of the
FcyRIIIA isoforms to transmit a phagocytic signal. Since
FcyRIIIA-yvy appears to be a more efficient signal transducer
for phagocytosis, we examined the role of the conserved tyro-
sine residues of the v chain both in phagocytosis and in calcium
mobilization. In addition, in vitro phosphorylation of the tyro-
sine residues of the v chain was studied and found to be corre-

lated with phagocytic capacity.

Methods

Plasmid construction and introduction of point mutations. The pSVL
eucaryotic expression vector (Pharmacia LKB, Piscataway, NJ) was
employed for expression of FcyRIIIA in COS-1 cells. COS-1 cells ex-
press the SV40 large T antigen, which efficiently activates the SV40
promoter in pSVL (17). huFcyRIIIA « cDNA (kindly provided by Dr.
Bice Perussia, Jefferson College of Medicine, Philadelphia, PA) was
cloned into the Xbal and BamHI cloning sites of pSVL. Similarly,
mouse FcyRIIIA v cDNA (kindly provided by Dr. Jean-Pierre Kinet,
National Institutes of Health, Bethesda, MD) was cloned into Xhol
and BamHI cloning sites. TCR /FcyRIIIA ¢ (kindly provided by Dr.
Richard D. Klausner, National Institutes of Health, Bethesda, MD)
was cloned into the Xbal and BamHI cloning sites of pSVL. Conserva-
tive replacement of cytoplasmic tyrosines of the v chain by phenylala-
nine was achieved using the two-step overlap-extension PCR (18).
Double tyrosine substitution mutants were constructed sequentially by
the substitution of the NH,-terminal tyrosine residue after the substitu-
tion of the COOH-terminal tyrosine residue. Six clones from each mu-
tant were isolated and subjected to DNA sequencing. Two clones from
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each tyrosine substitution were randomly selected for further studies
from several clones with correct DNA sequences.

Transient transfection. FcyRIIIA isoforms, FcyRIIIA-yy and
FcyRIIIA-¢ ¢, were generated by cotransfection of COS-1 cells with
cDNA of v or { as well as cDNA of a. Transfections of cDNAs were
carried out with a modified DEAE-Dextran method. Briefly, 300,000
COS-1 cells were seeded on 35-mm well plates 24 h before transfection.
Plates of 70 to 80% confluency were washed twice and incubated for 30
min with DME (Gibco BRL, Grand Island, NY) before transfection. 4
ug of plasmid DNA (0.5 ug/ul) was slowly added to 1 ml of a transfec-
tion buffer containing Nu medium (DME with 10% NuSerum [ Collab-
orative Biomedical, Two Oak Park, Bedford, MA]), 1 mg/ml of
DEAE Dextran, and 100 uM chloroquine. The transfection buffer con-
taining DNA was added to COS-1 cells with incubation for 4 hat 37°C.
Cells were then shocked with 10% DMSO in PBS for 2 min, washed
twice with DME, and grown in NuSerum-supplemented DME. Cells
were studied 48 h after transfection.

Immunofluorescence staining and flow cytofluorimetry. Trans-
fected cells were harvested with staining buffer (calcium and magne-
sium-free PBS containing 0.02% sodium azide and 0.1% BSA) using
transfer pipettes. Cells were centrifuged, resuspended in 60 ul of stain-
ing buffer, and incubated with either the anti-FcyRIII mAb, 3G8 (19),
or an isotype control for 30 min at 4°C. Cells were washed and stained
with fluorescein-conjugated goat anti-mouse IgG (Tago Inc. Burlin-
game, CA). The stained cells were examined using a FACS®tar flow-
cytometer (Becton Dickinson Co., Mountain View, CA).

Binding and phagocytosis of IgG-sensitized red blood cells (EA).
Sterile sheep red blood cells ( 10° cells/ml) in calcium and magnesium-
free PBS were sensitized by incubation with an equal volume of a su-
bagglutinating titer of rabbit anti-sheep RBC antibody ( Cappel Labora-
tories, Cochranville, PA). The IgG-sensitized RBCs (EA ) were washed
twice with PBS and resuspended to a final concentration of 10° cells/
ml for overlaying on transfected COS-1 cells. Cells were examined for
rosetting (> 10 EA per COS-1 cell) and phagocytosis as described previ-
ously (3). For the analysis of phagocytosis, COS-1 cells bound with EA
(after three washings) were subjected to a brief hypotonic shock (35 s)
with hypotonic PBS to remove surface bound EA. The cells were then
stained with Wright-Giemsa staining solutions, and phagocytosis (in-
gested EA ) was determined by light microscopy. Results obtained were
analyzed by Student’s ¢ test.

In vitro kinase assay. Transfected cells (2 X 107 cells) were washed
once with PBS and incubated sequentially on ice with 5 ug/ml each of
anti-FcyRIII mAb and goat anti-mouse IgG for 10 min. Cells were
incubated at room temperature for 3 min and washed once with PBS
before adding 1.5 ml of lysis buffer (150 mM NaCl, 25 mM Hepes, pH
7.4, and 1% polyoxyethylene 10 oleyl ether [ BR1J-96; Sigma Chemical
Co., St. Louis, MO]) containing phosphatase and protease inhibitors.
Inhibitors of phosphatases and proteases (1 mM EGTA, | mM Na
orthovanadate, | mM PMSF, 10 ug/ml aprotinin, 50 ug/ml leupeptin,
and 100 ug/ml soybean trypsin inhibitor) were added fresh to lysis
buffer. After 15 min of lysis on ice, cell lysates were centrifuged for 30
min at 4°C to clarify. The FcyRIIIA-y chain was immunoprecipitated
with anti-human + antiserum (kindly provided by Dr. Jean-Pierre
Kinet) and Protein A-sepharose CL4B (Sigma Chemical Co.) in lysis
buffer. Pellets were washed three times in lysis buffer and once in low
salt buffer (100 mM NaCl, 25 mM Hepes, pH 7.4, and 5 mM MnCl,).
Pellets were incubated (20°C, 10 min) with 30 ul of a mixture contain-
ing 25 mM Hepes, pH 7.4, 5 mM MnCl,, 5 mM p-nitrophenyl-phos-
phate, 1 uM cold ATP (Boehringer Mannheim, Biochemicals, India-
napolis, IN), and 5 uCi v-[3P]ATP (6,000 Ci or 222 TBq/mmol;
Dupont NEN, Boston, MA ). Reactions were stopped by adding reduc-
ing SDS-PAGE sample buffer and labeled proteins were separated on a
12.5% reducing SDS-PAGE gel. The gel was fixed in methanol/acetic
acid, treated with 1 N KOH (2 h at 55°C) to remove phosphoserine
and phosphothreonine, dried, and autoradiogramed for 4 d.

[Ca?*)i mobilization. COS-1 cells plated on glass coverslips were
incubated with 2 uM Fura-2/AM (Calbiochem-Novabiochem Corp.,
San Diego, CA) for 30 min, washed twice, and the coverslips then
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transferred to a Leidem cell chamber (Medical Systems Corp., Green-
vale, NY ) for multiple single-cell measurements of [Ca?*]i. FcyRIHA
receptors were crosslinked either with biotinylated anti-FcyRIII fol-
lowed by the addition of streptavidin or with anti-FcyRIII mAb 3G8
whole IgG. As a positive control, 10 uM epinephrine was added to
crosslink epinephrine receptors expressed on COS cells (20). Calcium
imaging was performed using a 40X fluorescence objective on a Dia-
phot microscope (Nikon Inc., Melville, NY) with the image-1 AT
quantitative fluorescence system (Universal Imaging, West Chester,
PA). Images were acquired at either 340- or 380-nm excitation (emis-
sion = 510 nm). 340/380 ratio images were calculated on a pixel by
pixel basis and the average 340/380 ratio within each cell determined
at each time point. 340/ 380 ratios were converted to [ Ca?* i, based on
solution calibration using free Fura-2 acid (21).

Results

Phagocytosis mediated by FcyRIIIA o and associated vy and ¢
chains. To clearly define the functions ascribed to the individ-
ual isoforms of FcyRIIIA, wild type FcyRIIIA v and/or {
cDNAs were cotransfected with the a chain cDNA into COS-1
cells to examine their ability to induce phagocytosis of EA (sen-
sitized RBCs). Surface expression of FcyRIIIA was deter-
mined by flow cytometry and was equally efficient in cotrans-
fection with either v or { (Table I). The mean fluorescence
intensity (MFI) for cotransfected cells stained with anti-
FcyRIII mAb increased by 15-fold compared to cells stained
with an IgG isotype control or compared to sham-transfected
cells stained with anti-FcyRIII mAb (Table I). The transfec-
tants were examined for their ability to bind and phagocytose
IgG sensitized RBCs (EA). Approximately 50% of COS-1
transfectants avidly bound EA ( Table I). Microscopic examina-
tion of COS-1 cells transfected with wild type v consistently
showed the ingestion of EA by 20+5% of the cells examined (P
< 0.02). Thus, phagocytosis of EA was detected in approxi-
mately 40% of COS-1 cell transfectants that bound EA. In con-
trast, cotransfectants containing the ¢ chain revealed 3.8% of
cells with ingested EA (P < 0.02; Table I). Moreover, in {-con-
taining cells that demonstrated phagocytosis the average num-
ber of ingested EA per cell was reduced to less than one-half
that observed with y. COS-1 cells transfected with all three

Table I. FcyRIIIA Expression and Phagocytosis
by COS-1 Cells Transfected with FeyRIIIA (v and/or §)

FcyRIIIA MFI* PR Phagocytosis Rosetting
% Cells +

Sham 15 0 0 0

a+ty 254 129+21.0 20+5.0 48+3.0

a+ 220 19+£3.2 3.8+0.7 50+1.7

a+ {+y 205 77£5.0 16+3.2 46+2.0

Transfection efficiency was determined by flow cytometry. The MFI
is shown for one of three separate experiments with similar results.
At least three separate experiments were performed for each clone.
For each experiment, 1,500 cells were counted at five randomly
selected sites. Internalized RBCs were microscopically scored
(X1,000). Results are expressed as the mean+SEM for phagocytosis
and binding (rosetting) of EA. Sham represents COS-1 cells trans-
fected with FcyRIIIA « and pSVL vector without a v insert. * MFI
per Results. * Phagocytic index (PI) is the number of RBCs internal-
ized per 100 COS-1 cells (3).
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cDNAs, a, v, and ¢, revealed 16% cells with ingested EA, show-
ing consistent levels of phagocytosis ( Table I). In contrast, nei-
ther sham transfectants with EA nor transfectants with E (non-
sensitized RBC) exhibited any binding or phagocytosis.

Two cytoplasmic tyrosines of the v chain are required for
phagocytosis. It has been suggested that the conserved tyrosine
containing cytoplasmic motif found in several IgG superfamily
receptors is important for receptor mediated signal transduc-
tion (4, 12) (Fig. 1). To study the effect of the two conserved v
chain tyrosines on FcyRIIIA mediated phagocytosis, the N-
proximal (clones M1A and M1B) or C-proximal (clones M2A
and M2B) tyrosines were individually replaced by phenylala-
nine. For mutants with double tyrosine substitutions, both tyro-
sines were replaced by phenylalanine (DMA and DMB)
(Fig. 1).

MFI measured by flow cytofluorimetry and percent posi-
tive cells with rosetting demonstrated similar surface expres-
sion of the receptor complexes in all transfectants bearing wild
type and mutant vy chains ( Table II). These comparable levels
of expression indicate that tyrosine residues in the cytoplasmic
tail of the v chain are not necessary for formation of the
FcyRIIIA receptor complex required for surface expression.
The binding of EA by ¥ mutant transfectants was comparable
to that observed with wild type v. However, M1 vy mutants
showed substantially reduced phagocytic activity (< 1%
of transfectants with ingested EA and minimal ingested EA per
phagocytosing cell) (P < 0.02); M2 and DM vy mutants demon-
strated essentially no phagocytosis (1 among 5,000 cells exam-
ined) (Table II, Fig. 2). These results demonstrate that both v
chain tyrosines are essential for efficient transduction of a
phagocytic signal by FcyRIIIA.

Inhibition of phagocytosis by tyrphostin 23. To investigate
if phagocytosis requires phosphorylation of tyrosine residues,
COS-1 cells cotransfected with FcyRIIIA-a and wild type v

FcyRIIIA-y Chain 2z
GCA GAT GCT GTC TAC ACG GGC CTG AAC ACC CGG AGC CAG GAG ACA TAT GAG ACT CTG AAG

ADAVY TGLNTRSQETYTET LK
(61) ¢ i (80)

MIA & M1B TTC
F
M2A & M2B T
F
DMA & DMB TTC T
F

F

Figure 1. Schematic representation of mouse cDNA of FcyRIIIA v
wild type and mutants. Shown above the schematic diagram of the
v chain are signal sequence (S), external peptides (E), transmem-
brane domain (7M), and cytoplasmic domain (CY'). The expanded
area shows an area of the nucleotide sequence of the v chain con-
taining the conserved motif. The conserved amino acids of the gene
family of the v and { chain genes are denoted by the boldface letters.
The N-proximal tyrosine encoded by the TAC codon of the nucleo-
tides 235-237 (amino acid 65; reference 36) was conservatively re-
placed with phenylalanine encoded by TTC (clones M1A and M1B).
Similarly, the C-proximal tyrosine encoded by TAT (268-270; amino
acid 76) was replaced with phenylalanine encoded by TTT (clones
M2A and M2B). For the double tyrosine-substitution mutants, both
the N- and C-proximal tyrosines were replaced with phenylalanine
(clones DMA and DMB). Solid lines of the mutants represent iden-
tical sequences to that of the wild type ¥ cDNA. Abbreviations for
the amino acids are follows: A, Ala; D, Asp; E, Glu; G, Gly; K, Lys;
L, Leu; N, Asn; Q, Gly; R, Arg; S, Ser; T, Thr; V, Val; Y, Tyr.

Table I1. FcyRIIIA Expression and Phagocytosis by COS-1 Cells
Transfected with FcyRIIIA o« and v (wild type or mutants)

i

FcyRINIA MFI PI Phagocytosis Rosetting
% Cells +

Sham 15 0 0 0
a+ v (WT) 254 129+21.0 20+5.0 49+3.0
a + v (MIA) 259 0.3+0.2 0.2+0.1 49125
a+ v (MIB) 303 1.0£1.0 1.0£1.0 50+1.5
a + v (M2A) 232 <0.04 <0.02 49+1.5
a + v (M2B) 256 <0.02 <0.02 48+3.0
a+v(DMA) 222 <0.02 <0.02 48+2.5
a + v (DMB) 328 <0.02 <0.02 49+2.0

See Table I for legend. M1A and M1B are two separate mutants with
N-proximal tyrosine substitution. M2A and M2B are mutants with
C-proximal tyrosine substitution. DMA and DMB are mutants with
both N- and C-proximal tyrosine substitution.

were incubated with increasing concentrations of tyrphostin 23
(tyr 23), an inhibitor of tyrosine kinases (22). Tyr 23 de-
creased phagocytosis in a dose-dependent manner, with 50%
inhibition at 25 uM and complete inhibition at 200-400 uM (P
< 0.01) (Table III). In contrast, tyr 23 did not affect the bind-
ing of EA. Inhibition of phagocytosis was not associated with
reduction in viability, since transfectants pretreated with tyr 23
(400 uM) after washing had phagocytic activity partially (3-h
wash, Table III) or completely (overnight wash, data not
shown) restored. This suggests that phagocytosis mediated by
FcyRIIIA requires phosphorylation of tyrosine residues of the
v chain and/or other molecules involved in signal transduc-
tion.

Tyrosine residues of the v subunit are phosphorylated in
vitro. The fact that the two conserved tyrosine residues of the vy
subunit are important for phagocytosis, and that tyrosine phos-
phorylation is required for phagocytic signal transduction, sug-
gests that the tyrosine residues of the v chain are phosphory-
lated. This possibility was examined by in vitro kinase assays
using COS-1 transfectants. Results shown in Fig. 3 demon-
strated that the tyrosine residues of the wild type v chains were
phosphorylated in vitro. In contrast, the mutant v chain trans-
fectants and the sham transfectants showed no detectable phos-
phorylation. Since the single tyrosine substitution mutants
(MI1A and M2A) did not exhibit phosphorylation on the re-
maining tyrosine residues, it is likely that phosphorylation of
either one of the two tyrosine residues requires the other tyro-
sine residue to be intact (Fig. 3). These phosphorylation data
correlate well with the ability of the v chain to induce a phago-
cytic signal, as substitution of either one of the tyrosine residues
largely eliminates phagocytosis.

The in vitro kinase assay also demonstrated a distinct band
of ~ 40 kD, which was present in all lanes except for the sham
transfectants. This band may represent an associated phospho-
protein coprecipitating with v.

Cytoplasmic tyrosines of v are required for mobilization of
Ca**. We have previously observed that COS-1 cells cotrans-
fected with the FcyRIIIA « and ¥ cDNAs mobilize intracellu-
lar calcium upon receptor crosslinking (14). To examine
whether the v chain tyrosines are required for calcium mobili-
zation, the calcium response following FcyRIIIA crosslinking
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Table III. The Effect of Tyrphostin 23 (Tyr 23) on Phagocytosis
by COS-1 Cells Transfected with FcyRIIIA o and vy

Tyr 23 PI Rosetting
Concentration % Cells
0 M 125+24 49+3
25 yM 68+4 5249
50 uM 26+7 52+8
100 uM 166 49+7
200 uM 1.2+1 4745
400 M 0 48+3
400 uM + washing 637 44+6
See Table I for legend.

was measured in individual transfected cells (WT, M1A, M2A,
or DMA) using digital video microscopy (Fig. 4). Epineph-
rine, which evokes a Ca?* signal in COS cells (20), was used as
a positive control in all experiments. Transfectants with the
WT receptor complex showed a typical transient calcium rise
after crosslinking. In 5 consecutive experiments (169 cells),
58% of cells responded to crosslinking with a calcium signal at
least 50% as large as that induced by 10 uM epinephrine (Fig. 4
and Table IV). In contrast, COS-1 cells transfected with either
MI1A, M2A, or DMA showed markedly diminished calcium
responses, although in one of four experiments significant cal-
cium mobilization was evoked in M1A-transfected COS-1
cells. Our data, therefore, demonstrate that the two cytoplas-
mic tyrosine residues of the vy chain play an important role
both in phagocytosis and in calcium mobilization.

Discussion

FcyRIIIA is a receptor complex consisting of a single « chain
and a homo- or heterodimer of its associated v and { chains (5,
8). In this study, we have used cotransfection of FcyRIIIA-«
and its associated vy (wild type or mutants) and { chains to
examine their role in mediating phagocytosis and calcium mo-
bilization. It should be noted that phagocytosis observed in
fibroblasts after Fcy receptor transfection has been well demon-
strated by previous studies, including observations with elec-
tron microscopy by us and others {3, 14, 16, 23). The ingested
EA shown in Fig. 2 B shows several characteristics of phagocyto-
sis. All the ingested RBCs are enclosed in distinctive vesicles,
which are demarcated by boundaries, and some RBCs show
partial degradation. There also was a consistent and dramatic
decrease of ingestion in the cells transfected with mutant recep-
tors. Furthermore, cytochalasin D and cold temperature inhib-
ited the ingestion of EA, while EA binding was unchanged.
FcyRIIIA can exist in three molecular isoforms with the o
chain associated with either vy, ¢, or y{. The FcyRIIIA-y-y
isoform is found in macrophages, while all three forms occur in
NK cells that express both the v and { subunits (24, 25). We

kD Figure 3. Tyrosine
70 phosphorylation of the
44 - wild type and mutant
= % | <—x 4 chains by in vitro ki-

nase assay. The vy chain
29 was immunoprecipi-
tated with anti-v anti-
sera from lysates of
18 COS-1 transfectants. In
" vitro phosphorylated
<—y samples were run on a
199 12.5% reducing SDS-
PAGE gel. The gel was
1 2 3 4 5 6 treated with 1 N KOH
to remove phosphoser-
ine and threonine, dried, and the autoradiogram was examined after
4 d. Sham, COS-1 cells transfected with FcyRIIIA-a cDNA and pSVL
vector without v cDNA insert (lane 7). FcyRIIIA « + wild type hu-
man v (lane 2). FcyRIIIA « + wild type mouse v (lane 3). FcyRIIIA
a + MIA (lane 4). FcyRIIIA o + M2A (lane 5). FcyRIIIA o
+ DMA (lane 6). The phosphorylated v chains are denoted by an
arrow (lower right). The arrow with an asterisk (upper right) denotes
a specific tyrosine phosphoprotein band at ~ 40 kD.

examined the phagocytic capacity of these isoforms by cotrans-
fection of COS-1 cells with FcyRIIIA-y and/or ¢ plus a. The
ability of both v and ¢ to mediate a phagocytic signal may
suggest redundancy in their functions. However, the higher
efficiency of the v chain in mediating a phagocytic signal sug-
gests important differences in the function of these two chains
in vivo. For example, macrophages, which are actively phago-
cytic cells, express FcyRIIIA in association with v. In contrast,
FcyRIIIA in NK cells, which exhibit little or no phagocytic
activity, may utilize ¢ for such signal transduction events as
ADCC.

The results obtained with the wild type and mutant vy
chains with replacement of their tyrosine residue(s) with phe-
nylalanine demonstrate that both cytoplasmic tyrosine resi-
dues are essential for the signal transduction events involved
both in phagocytosis and in intracellular free calcium mobili-
zation. Low levels of phagocytic activity and calcium mobiliza-
tion by the mutants may be explained by a small degree of
undetected receptor tyrosine phosphorylation or by signal(s)
independent of receptor phosphorylation. During the prepara-
tion of our manuscript, it was shown by others that the v sub-
unit of FcyRIIIA also plays a critical role in antigen presenta-
tion in transformed B cells (13) and in Ca?* signaling in trans-
fected T and mast cells (26). The conserved tyrosines of the ¢
chain also were shown to be important for cytotoxicity and
calcium mobilization in T cell lines (27).

Phosphorylation of receptor molecules and ensuing activa-
tion of protein tyrosine kinases are an early step in signal trans-
duction pathways demonstrated for FcyRIII/CD16 (28),
FceRI, the TCR (CD3), and the B cell antigen receptors (15,
29, 30). A conserved motif implicated in signal transduction
has been described in the cytoplasmic domain of several Ig

Figure 2. Binding and phagocytosis of IgG-sensitized RBCs (EA) by transfected COS-1 cells. Binding of EA by transfected COS-1 cells (4, C, E,
and G). Phagocytosis of EA by transfected COS-1 cells (B, D, F, and H). (4 and B) Binding and phagocytosis of COS-1 cells transfected with
FcyRIIIA o and wild type v. Three of the phagocytosed RBCs shown with wild type v are marked by arrows in B. (C and D) Transfectants
containing « and ¥ (M1A). (E and F) transfectants containing « and vy (M2A). (G and H) transfectants containing « and v (DMA). No

phagocytosis of EA is seen in D, F, and H. Images are shown at X1,000.
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Figure 4. Ca®* mobilization following FcyRIIIA stimulation. Measurement of [ Ca2*]i in individual cells was carried out during crosslinking of
FcyRIIIA. The time points when biotinylated anti-FcyRIII + streptavidine, epinephrine (positive control), and calcium ionomycin were added
are denoted by arrows from left to right, respectively, in each graph. Images were acquired at either 340- or 380-nm excitation (emission = 510
nm). 340/380 ratios were converted to [Ca?*]i, based on calibration with Fura-2 acid (19). The responses of M1A, M2A, and DMA transfec-

tants were greatly decreased compared to WT transfectants.

superfamily receptors ( 12). This motif, D/E-X2,7-D/E-X2-Y-
X2-L-X7-Y-X2-L, which also appears in the cytoplasmic do-
main of the v and ¢ chains, suggests an important role for
tyrosine residues and their phosphorylation. That phagocytosis
is eliminated by incubation of cells with tyr 23, and that the
wild type v chains but not the mutant +y chains are phosphory-

Table IV. The Effect of Tyrosine Substitutions on Calcium
Mobilization Evoked by Crosslinking of FeyRIIIA

No. of No. of % of Cells
FcyRIII Experiments Cells Responding*
a+ v (WT) 5 169 57.8
a+ vy (MI1A) 4 123 16.0
a+ v (M2A) 4 117 2.8
a + v (DMA) 4 70 3.7

* Cells were scored as responding if the calcium response was more
than 50% of that observed with 10 uM epinephrine.
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lated in in vitro kinase assays, suggest that phosphorylation of
the cytoplasmic tyrosine residues is required for phagocytic
signal transduction. In vitro kinase assays using lysates of cul-
tured monocytes also have demonstrated that the FcyRIIIA v
chain is phosphorylated on tyrosine residues (31). The cyto-
plasmic tyrosines of FceRI-y (the same v chain dimer com-
plexed with a different « chain in mast cells) have also been
shown to be reversibly phosphorylated in rat basophilic leuke-
mia cells (15).

The nature of the phosphorylated band at 40 kD in Fig. 3 is
not known at present, but may represent a y-associated protein
tyrosine kinase. Since the phosphoprotein is coprecipitated
with the mutant y chains as well as with the wild type v chain,
it is unlikely that the phosphoprotein is a product of down-
stream events after receptor phosphorylation. It is of interest
that several phosphoproteins of a similar molecular mass have
been reported to associate with the cytoplasmic tails of B cell
receptor Ig-a and Ig-8 chains, which also contain a similar mo-
tif with conserved tyrosines (32).

Another Fcy receptor, FcyRIIA, which also mediates
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phagocytosis of EA, has a similarly conserved motif and is
phosphorylated on tyrosine after receptor crosslinking (3, 4).
Our data, however, suggest that there are differences in the
phagocytic pathways mediated by FcyRIIIA and FcyRIIA.
Phorbol esters decrease phagocytosis mediated by FcyRIIIA
(14), but increase phagocytosis by FcyRIIA in transfected
COS cells (33), a hematopoietic cell line (33), and neutrophils
(34). In addition, in vitro kinase data obtained from the
FcyRIIIA wild type and mutant v chains show that the phos-
phorylation state of the v chain correlates with phagocytic
activity. However, the phosphorylation state of FcyRIIA does
not correlate directly with FcyRIIA-mediated phagocytosis
(Brugge, J. S., and A. D. Schreiber, manuscript submitted for
publication).

Currently we are investigating whether other cellular events
such as the release of intracellular mediators and cytokines are
influenced by tyrosine phosphorylation of the FcyRIIIA v
chain. These possibilities are especially attractive, considering
that the TCR { chain is essential for antigen-stimulated signal-
ing and is required for such diverse functions as tyrosine phos-
phorylation, inositol production, intracellular calcium release,
and IL-2 production in T-cells (35).
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