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Abstract

In the course of examining the structure and function of Fc
receptors on peripheral blood cells of patients with systemic
lupus erythematosus, we identified a patient whose neutrophils
did not react with either monoclonal or polyclonal antibodies to
Fc receptor Ill. However, neutrophils from the patient were
comparable to neutrophils from healthy controls with respect
to their expression of Fc receptor II, complement receptor 1,
complement receptor 3, and the phosphatidylinositol-linked,
complement regulatory protein, decay-accelerating factor. The
abnormality of expression of Fc receptor III was limited to the
patient's neutrophils (her natural killer cells reacted normally
with anti-Fc receptor III antibodies), and was associated with
abnormal recognition and binding of IgG-coated erythrocytes.
Analysis of genomic DNArevealed evidence that failure of the
patient's neutrophils to express Fc receptor III was most likely
due to an abnormality of the gene that encodes this receptor.
(J. Clin. Invest. 1990.86:341-346.) Key words: flow cytometry
* natural killer cells * genomic DNA* Southern blot , polymer-
ase chain reaction

Introduction

Three classes of receptors for the Fc regions of IgG immuno-
globulins are expressed on the surfaces of human leukocytes
(1, 2). One of these, Fc receptor III (FcyRIII),' is a glycoprotein
that is expressed in a heterogeneous manner on the surfaces of
human neutrophils, natural killer (NK) cells, and macro-
phages. FcyRIII on neutrophils and FcyRIII on NKcells differ
with respect to their apparent molecular masses (3), and are
products of distinct, but highly homologous, genes that are
expressed in a cell-specific fashion (4). Two alleles (NA 1 and
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NA2) of the gene that encodes neutrophil FcyRIII account for
the structural and antigenic polymorphism of this receptor
(4-6). Both forms of neutrophil FcyRIII are anchored to the
cell membrane via a glycosyl linkage to phosphatidylinositol
(PI) (4, 7-1 1), while the NKcell receptor is a transmembrane
protein (4, 9-11). Macrophage FcyRIII presumably is identi-
cal to NKcell FcyRIII (4).

FcyRIII mediates binding of IgG-coated particles to phago-
cytic cells in vitro (1, 2), and probably facilitates clearance of
circulating immune complexes by tissue macrophages in vivo
(12). Indeed, previous studies have shown that FcyRIII medi-
ates the removal of IgG-coated erythrocytes (RBCs) from the
circulation of chimpanzees (12) as well as the removal of IgG-
coated platelets from the circulation of humans (13).

In this report, we describe a patient with systemic lupus
erythematosus (SLE) whose neutrophils are not recognized by
either monoclonal or polyclonal antibodies to FcyRIII, but
react normally with antibodies to Fc receptor II (FcyRII), as
well as with antibodies to complement receptor 1, complement
receptor 3, and the PI-linked, complement regulatory protein,
decay-accelerating factor (DAF). Abnormal expression of
FceyRIII is limited to the patient's neutrophils, is associated
with abnormal recognition and binding by these cells of IgG-
coated RBCs, and appears to be due to an abnormality of the
gene that encodes this receptor.

Methods

Flow cytometry. Procedures involving human subjects were approved
by the Committee on HumanResearch at the University of California,
San Francisco. Neutrophils and mononuclear leukocytes were isolated
from venous blood of patients with SLE and healthy volunteers as
described previously (14). Cells were incubated with control proteins
or antibodies, and then stained with FITC-conjugated goat, anti-
mouse, or anti-human IgG and IgM (Jackson Immunoresearch Labo-
ratories, Avondale, PA). Samples were subsequently examined by flow
cytometry using a Cytofluorograph II (Ortho Diagnostic Systems Inc.,
Westwood, MA).

The anti-FcyRIII MAb, 3G8 (murine IgG1) (15), was a generous
gift of Dr. Jay Unkeless (Mount Sinai Medical Center, NewYork). The
anti-Fc'yRIII MAb, Leu 1 lb (IgM) (16), was obtained from Becton
Dickinson & Co., Mountain View, CA. The anti-FcyRII MAb, IV.3
(murine IgG2b) (17), was obtained from Dr. John Looney, University
of Rochester, Rochester, NY. MAbIA IO (murine IgG2.) (18) to DAF
was a generous gift of Dr. Ingrid Caras, Genentech Inc., South San
Francisco, CA. MAbs to complement receptor 1 (YZ-1, murine IgG1)
(19) and complement receptor 3 (IB4, murine IgG2a) (20) were ob-
tained from Dr. Richard Jack, Harvard Medical School, Boston, MA,
and Dr. Samuel Wright, The Rockefeller University, New York, re-
spectively. The cell line producing MOPC21 (murine IgG, myeloma)
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was obtained from American Type Culture Collection, Rockville, MD.
RPC5 (murine IgG2a myeloma), MOPC11 (murine IgG2b myeloma),
and TEPC 183 (murine 1gM myeloma) were obtained from Bionetics
Laboratory Products, Charleston, SC. Polyclonal anti-NA 1 and anti-
NA2alloantisera (21) were generously provided by Dr. Parviz Lalezari
(Albert Einstein Medical Center, Bronx, NY).

Binding ofIgG-coated RBCsto neutrophils. Sheep RBCs(Colorado
Serum Co., Denver, CO) were coated with rabbit anti-sheep RBCIgG
(diluted 1:15,000) (Cordis Laboratories Inc., Miami, FL), and then
resuspended at a final concentration of 0.5% (vol/vol). Equal volumes
of IgG-coated RBCs and either MAb 3G8 or the myeloma protein
MOPC21 (50 ,g/ml) were added to neutrophils which were adherent
to poly-L-lysine (100 ,ug/ml) (Sigma Chemical Co., St. Louis, MO)-
coated Terasaki plates (Miles Laboratories Inc., Naperville, IL). After 2
h of incubation at 4VC, unattached RBCswere removed by washing.
Binding of IgG-coated RBCsto neutrophils was scored by phase-con-
trast microscopy.

Analyses of genomic DNA. Aliquots (20 Mg) of genomic DNA,
prepared from peripheral blood mononuclear cells as described pre-
viously (22), were digested with either Eco RI, Hind III, or Bam HI
(New England Biolabs, Beverly, MA), electrophoresed in agarose gels,
blotted onto nylon membranes (GeneScreen Plus, NewEngland Nu-
clear, Boston, MA), and probed as recommended by the manufacturer
with a 32P-labeled fragment (bases 611-825, numbered according to
Simmons and Seed [23]) of a cDNAwhich encodes the NAI form of
neutrophil Fc-yRIII (6).

To examine FcyRIII gene-specific sequences in more detail, frag-
ments of genomic DNAwere amplified using the polymerase chain
reaction (PCR) (24). Synthetic oligonucleotide primers were comple-
mentary to bases (611-625 and 805-825 of a corresponding cDNA)
which flank a region of genomic DNAthat contains two gene-specific
restriction sites (4) (Fig. 1). The PCRwas performed as described
previously (24), using reagents from Perkin-Elmer (Norwalk, CT), 20
ug genomic DNA, 0.1 mol each of the oligonucleotide primers, 20
MCi [132PJdATP, and 2.5 UTaq DNApolymerase. Aliquots of reaction
mixtures subjected to 40 cycles of denaturation (94°C for 2 min),
annealing (55°C for 2 min), and extension (72°C for 3 min) were
examined by PAGEand autoradiography before and after digestion
with either Taq I or Dra I (New England Biolabs).

Results

Patient. E.W. is a 34-yr-old black womanwith a 9-yr history of
SLE. Clinically, she has had a cerebrovascular accident, glo-
merulonephritis, Raynaud's phenomenon, severe cutaneous

vasculitis with lower extremity ulcers, and recurrent pleuritis.
Laboratory abnormalities at the time she was initially studied
included a Coomb's-positive anemia, antinuclear antibodies,
and anti-DNA antibodies. Medications included chlorambucil
(4 mgdaily) and prednisone (15 mgdaily). Her family history
is remarkable only for a sister with an undefined inflammatory
arthritis. Eight other siblings are alive and well.

Neutrophils from patient E. W. do not express normal
FcyRIII. Shown in Fig. 2 are the results of a representative
experiment in which neutrophils from patient E.W. and neu-
trophils from a healthy control donor were examined for their
reactivity with the anti-FcyRIII MAbs, 3G8 and Leu 1 lb, and
with the isotype-specific, control myeloma proteins MOPC21
and TEPC 183. Reactivity of the patient's neutrophils did not
exceed the background reactivity observed with the control
myeloma proteins. In contrast, cells from the control donor
reacted strongly with MAbs3G8 and Leu 1 lb. Similarly, reac-
tivity of the patient's neutrophils with antibodies that recog-
nize the NAI and NA2 allotypic forms of neutrophil Fc'yRIII
did not reproducibly exceed that observed when cells were
incubated with normal human serum. Cells from the control
donor, however, reacted strongly with the anti-NA 1 and anti-
NA2 alloantisera. It should be noted that neutrophils from all
of the control donors examined, as well as neutrophils from
eight other patients with SLE, reacted as expected with the
anti-FcyRIII MAbs, 3G8 and Leu 1 lb, and with antisera di-
rected against NA1 and/or NA2. In experiments not shown,
neutrophils from patient E.W. were comparable to neutrophils
from a healthy control donor with respect to their reactivity
with MAbs to FcyRII, complement receptor 1, and comple-
ment receptor 3.

Consistent with our observations using flow cytometry, we
were unable to immunoprecipitate FcyRIII from lysates of
surface-labeled neutrophils obtained from patient E.W. As de-
scribed previously (5), FcyRIII on neutrophils from a control
appeared as a broad band from 50-70 kD after immunopreci-
pitation with MAb3G8 and SDS-PAGE. MAb3G8, however,
did not precipitate any labeled proteins from the patient's neu-
trophils (not shown).

Neutrophils from patient E. W. do not bind IgG-coated
RBCs normally. To determine whether failure of neutrophils
from patient E.W. to express FcyRIII was associated with
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Figure 1. Organization of the genes that encode the
neutrophil (PMN) and NKcell forms of Fc-yRIII
(adapted from reference 4). The coding and non-

coding regions of the genes are indicated by closed
and open rectangles, respectively. Restriction sites
are shown for Eco RI (E), BamHI (B), Hind III
(H), Taq I (T), and Dra I (D). Gene-specific restric-
tion sites are indicated with asterisks. Also shown is
the region of the fifth exon that contains bases am-

plified in the PCR(bases 611-825).
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Figure 2. Neutrophils from patient E.W. do not react with anti-
Fc~yRIII antibodies. In the panel on the left, neutrophils from patient
E.W. and neutrophils from a healthy control donor were examined
by indirect immunofluorescence and flow cytometry for reactivity
with the anti-FcyRIII monoclonal antibodies, 3G8 and Leu 1 lb, and
with the isotype-specific, control myeloma proteins, MOPC21 and
TEPC 183. In the panel on the right, neutrophils from patient E.W.
and neutrophils from a control were examined for reactivity with an-
tisera which recognize the NAI and NA2 allotypic forms of neutro-
phil FcyRIII, and with normal human serum. Results are expressed
as relative fluorescence intensity (three-decade log scale) versus rela-
tive cell number, and are representative of those obtained in three
additional experiments.

functional abnormalities, we examined the ability of her cells
to recognize and bind IgG-coated RBCs. Adherent neutrophils
were incubated at 40C with IgG-coated sheep RBCseither in
medium alone, in medium containing the myeloma protein,
MOPC21, or in medium containing MAb3G8. The cells were
then washed and examined by phase-contrast microscopy. In a
representative experiment, individual neutrophils from a con-
trol donor bound an average of 5.4 IgG-coated RBCs in me-
dium alone. This was unaffected in medium containing
MOPC21, but was reduced to 0.4 RBCs per neutrophil in
medium containing MAb3G8 (which blocks ligand binding to
Fc'yRIII). In contrast, individual neutrophils from patient
E.W. bound an average of only 0.9 IgG-coated RBCs in me-
dium alone, and this number was not reduced further in me-
dium containing MAb3G8. Very similar results were obtained
in three'additional experiments performed with neutrophils
from different control donors and with different preparations
of IgG-coated RBCs. Thus, the patient's neutrophils are mark-
edly impaired with respect to their ability to recognize and
bind IgG-coated RBCs.

Neutrophils from patient E. Wexpress DAF. As indicated
above, FcyRIII on human neutrophils is anchored to the
plasma membrane via a glycosyl linkage to PI, as is the com-
plement regulatory protein, DAF (7-12). Consequently, pa-
tients with paroxysmal nocturnal hemoglobinuria, a disorder
in which anchoring of proteins to PI is defective (25), do not
express normal amounts of either FcyRIII or DAF on the
surfaces of their neutrophils (7). To test the possibility that lack
of expression of FcyRIII on neutrophils from patient E.W.
reflects a generalized abnormality involving the expression of
proteins anchored to membranes via glycosyl-PI linkages, we
examined her cells for the expression of DAF.

As shown in Fig. 3, neutrophils from patient E.W. were
comparable to normal neutrophils with respect to their reac-
tivity with an anti-DAF MAb. In experiments not shown, we
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Figure 3. Neutrophils from
patient E.W. were compa-
rable to normal neutrophils
with respect to their reac-
tivity with an anti-DAF
MAb. The control my-
eloma protein used in these
studies was RPC5. Results
shown are representative of
those obtained in one addi-
tional experiment.

found that the patient's mononuclear leukocytes also express
DAF, as well as another PI-linked protein, CD14 (26). Thus,
the lack of expression of FcyRIII on neutrophils from patient
E.W. is not the result of a generalized abnormality involving
PI-linked membrane proteins.

Mononuclear leukocytes from patient E. W. express
Fc'yRIII. In contrast to what we found when we examined her
neutrophils, peripheral blood mononuclear cells from patient
E.W. appeared to express FcyRIII. As shown in Fig. 4, a small
population of mononuclear leukocytes from patient E.W.
(presumably NKcells) reacted with MAbs 3G8 and Leu 1 lb,
as did a small population of mononuclear cells from a healthy
control donor. Thus, only the patient's neutrophils fail to ex-
press FcyRIII normally.

Analyses of genomic DNA. Normal human neutrophils
constitutively synthesize FcyRIII (27) and contain FcyRIII
transcripts (4, 6). Whenwe examined RNAfrom neutrophils
of patient E.W., however, we were unable to detect any mate-
rial which hybridized with a 543-bp probe corresponding to
the coding sequence of an FcyRIII cDNA (23) (not shown).
Since RNAfrom the patient's neutrophils did contain f3-actin
transcripts, these results suggested that the failure of her neu-
trophils to express FcyRIII was due either to an abnormality of
transcription or to an abnormality of the gene that encodes the
receptor. Consequently, we turned our attention to an analysis
of genomic DNA.

Digestion of genomic DNA from a healthy control and
from patient E.W. with Eco RI and Hind III yielded identical
fragments that hybridized with a probe corresponding to bases
611-825 of an FcyRIII cDNA(Fig. 5). In contrast, digestion of
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Figure 4. Peripheral blood
mononuclear cells from pa-
tient E.W. express Fc-yRIII.
A small population of
mononuclear leukocytes
from patient E.W. (pre-
sumably NKcells) reacted
with MAbs 3G8 and Leu
1 lb, as did a small popula-
tion of mononuclear cells
from a healthy control
donor. Results shown are
representative of those ob-
tained in one additional ex-
periment.
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1 2 3 4 5 6 Figure5. Southern blot analy-

23 sis of genomic DNAfrom pa-
tient E.W. and a normal con-

6.5 trol. Genomic DNAfrom a

4.4 normal control (lanes 1, 3 and

5) and the patient (lanes 2, 4
and 6) were digested with Bam
HI (lanes I and 2), Eco RI
(lanes 3 and 4), and Hind III
(lanes 5 and 6), electropho-

resed in a 1.0% agarose gel, and blotted to a nylon membrane. The
membrane subsequently was probed with a 32P-labeled fragment
(bases 611-825) of an FcyRRII cDNA. The migration of DNAfrag-
ments of known size (in kb) is shown on the right.

genomic DNAfrom a healthy control with Bam HI yielded
two fragments of - 18 and 5 kb which hybridized with the
probe, while digestion of the patient's genomic DNAwith Bam
HI generated only the 18-kb fragment. These results indicate
that the NKcell FcyRIII gene in patient E.W. is normal, but
that the neutrophil FcyRIII gene probably is not (see Fig. 1).
To confirm this, we examined the patient's genomic DNA
further for gene-specific sequences.

As expected, using the PCRand synthetic oligonucleotide
primers complementary to bases 61 1-625 and bases 805-825
of the cDNAthat encodes neutrophil FcyRIII, we were able to
amplify identical 215-bp fragments from genomic DNAof
patient. E.W. and the control (Fig. 6). However, whereas all of
the fragments amplified from the patient's genomic DNAwere
susceptible to digestion with Taq I and Dra I, only a portion of
those amplified from control genomic DNAwere cleaved with
these enzymes. These results also indicate that the NK cell
FcyRIII gene is normal in patient E.W., but that the neutro-
phil FcyRIII gene is not (see Fig. 1).

Discussion

In the course of examining the structure and function of Fc
receptors on peripheral blood cells of patients with SLE, we.

identified a patient whose neutrophils did not react with either
monoclonal or polyclonal antibodies to FcyRIII (Fig. 2). Neu-
trophils from the patient were comparable to neutrophils from
healthy controls, however, with respect'to their expression of
Fc7RII, complement receptor 1, complement receptor 3, and
DAF (Fig. 3). Since both DAFand FcyRIII are anchored to
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Figure 6. Analysis of
- 234 gene-specific sequences

in amplified fragments,
- 194 of genomic DNA. Frag-
-118 ments of genomic DNA

corresponding to a re-
- 78 gion of the exon that

encodes the carboxy-
terminal portion of
Fc'yRIII (see Fig. 1)

were amplified in the presence of [32P]dATP (control, lanes 1-3; pa-
tient E.W., lanes 4-6), and then analyzed by PAGEand autoradiog-
raphy before (lanes I and 4) and after treatment with either Taq I
(lanes 2 and 5) or Dra I (lanes 3 and 6). The migration of DNAfrag-
ments of known size (in bp) is shown on the right.

the neutrophil plasma membrane via glycosyl linkages to PI
(7), it was unlikely that failure of the patient's neutrophils to
express FcyRIII was due to a generalized abnormality involv-
ing the formation- of PI-Slycan linkages. Furthermore, al-
though FcyRIII transcripts were readily detectable in normal
neutrophils, we were unable to detect any mRNAin the pa-
tient's neutrophils which hybridized with an Fc-yRIII cDNA
(not shown). This finding, as well as the finding that a small
population of peripheral blood mononuclear leukocytes (pre-
sumably NKcells) from the patient were recognized by anti-
Fc-yRIII antibodies (Fig. 4), suggested that the failure of the
patient's neutrophils to express FcyRIII was due either to an
abnormality involving transcription of the gene that encodes
this receptor or to an abnormality involving the structure of
the gene.

Although the genes for the neutrophil and NKcell forms of
Fc'yRIII are highly homologous, there are gene-specific se-
quences which can be detected with probes complementary to
nucleotides in the exon that encodes the carboxy-terminal
portion of the receptor (Fig. 1) (4). By examining Southern
blots of genomic DNAwith such a probe, and by amplifying a
region of genomic DNAthat contains two gene-specific restric-
tion sites, we found evidence that the neutrophil FcyRIII gene
in the patient is abnormal. Southern blotting of genomic DNA
from the patient revealed only those Eco RI, Hind III, and
Bam HI fragments that would be expected if the gene that
encodes NKcell FcyRIII was intact (Fig. 5). A BamHI frag-
ment specific for the neutrophil FcyRIII gene was not de-
tected, and no other Eco RI or Hind III fragments were de-
tected to suggest that the neutrophil FcyRIII gene contained
only a partial deletion. Furthermore, although the PCR
yielded similar 215-bp fragments from genomic DNAof the
patient and the control, all of the fragments amplified from the
patient's genomic DNAcontained the Taq I and Dra I restric-
tion sites that are specific for the NKcell Fc-yRIII gene (Fig. 6).
In contrast, only a portion of the material amplified from
control genomic DNAwas susceptible to digestion with Taq I
and Dra I, while the remainder (from the neutrophil FcyRIII
gene) was not.

Whereas our results could be explained simply by base
substitutions leading to the loss of three restriction sites that
are markers for the neutrophil FcyRIII gene, it is possible that
the entire gene is absent or grossly disorganized. The genes
encoding for the neutrophil and NKcell forms of FcyRIII are
tightly linked to each other on chromosome 1 (4, 28). Such
highly homologous tandem repeats favor intra- and interchro-
mosomal recombination events (29). In particular, a nonrecip-
rocal recombination (i.e., gene conversion) or a reciprocal re-
combination resulting in a deletion of the neutrophil Fc'yRIII
gene with or without duplication of the NKcell FcyRIII gene,
could account for our findings. Such recombination occurs
frequently between the homologous repeats of the a-globin
gene (30).

Although the abnormality of neutrophil Fc'yRIII expres-
sion described in this report was detected in a patient with
SLE, the relation between the abnormality and the patient's
disease is not clear. For example, neutrophils from eight other
patients with SLE reacted as expected with anti-FcyRIII anti-
bodies. In addition, despite the inability of her neutrophils to
recognize and bind IgG-coated RBCs comparably to normal
neutrophils, the patient has not exhibited any unusual suscep-
tibility to bacterial infections. This very likely is due to the fact
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that her neutrophils express normal amounts of FcyRII and
complement receptors, and confirms the important role
played by FcyRll in mediating phagocytosis and other re-
sponses of neutrophils to encounters with opsonized particles
(31-33). Nevertheless, whereas it is likely that the patient's
macrophages express FcyRIII normally, as do her NKcells, it
is intriguing to speculate that the abnormality of neutrophil
Fc'yRIII expression could contribute, at least in part, to ab-
normal clearance of circulating immune complexes (34-36).

Abnormal expression of Fc receptors on peripheral blood
leukocytes has been reported previously. For example, as indi-
cated above, neutrophils from, patients with paroxysmal noc-
turnal hemoglobinuria express reduced amounts of FcyRIII
on their surfaces, along with reduced amounts of other pro-
teins that are anchored to PI (7). In addition, Ceuppens et al.
(37) described four healthy individuals belonging to one
kindred whose monocytes did not express detectable Fc recep-
tor I. The cells did not bind monomeric IgG and were not
recognized by anti-FcyRI MAbs. To our knowledge, however,
this is the first report of an individual whose peripheral blood
neutrophils do not express FcyRIII normally.
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