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SUMMARY

FcyRIII (CD16) is found in two alternative forms, a transmembrane FcyRIIIa expressed on NK cells
and macrophages, and a glycosylphosphatidylinositol-linked FcyRIIIb present on neutrophils. Previ-
ously, we measured soluble FcyRIITa (sFcyRIIIa) in plasma of NA(1 +,2-) phenotyped donors with the
anti-FcyRIII monoclonal antibody (MoAb) GRM1, which recognizes NA2-FcyRIIIb and FcyRIITa. The
level of sFcyRI1I1a, as well as the total sFcyRIIT (sFcyRI11a plus sFcyRIIIb) in patients with rheumatoid
arthritis (RA) was significantly higher than that in healthy controls. In this study, we measured
sFcyRIITa™ in plasma with a newly developed anti-FcyRIII MoAb, MKGR14 (mIgM), which recog-
nizes FcyRIIIaM? specifically. From the recovery of purified sFcyRI1Ia™?, the amount of sFcyRIITaM?
present was about half that of sFcyRII1a™*, and that of sFcyRIIIa was about 50 times lower than that of
sFcyRIIIb in pooled plasma from healthy NA(1 +, 2-) phenotyped donors. The level of sFcyRIITa™? in
RA patients was about four times higher than that in healthy controls. In RA patients, both the
sFcyRIIIa™ and sFcjyRIIla levels were increased as proportionally as the Lansbury Index. The
sFcyRIlIa, but not sFcyRIIIa™ levels, were increased directly proportional to C-reactive protein.

sFcyRI11a™ may be a novel marker of disease activity in RA.
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INTRODUCTION

FcyRIIT (CD16) exists in two alternative forms. FcyRIIIa is an
integral membrane protein expressed on natural killer (NK) cells,
on a subset of T lymphocytes and on a subpopulation of mono-
cytes and macrophages [1], and shows a cell type-specific glyco-
sylation pattern [2]. FcyRIIIb is a glycosylphosphatidylinositol-
linked protein expressed exclusively on neutrophils, and it can be
induced on eosinophils [1]. Both FcyRIIIs are released from the
cell surface, possibly by the activation of cells. FcyRIlla is
released by the action of a metalloprotease upon in vitro activa-
tion of NK cells and macrophages [3,4]. FcyRIIIb is released upon
activation and during apoptosis of neutrophils by proteolytic
activity [5,6]. The release of FcyRIIIb is inhibited by the serine
protease inhibitors and metalloprotease inhibitors, depending on
the stimulus used to activate the cells [7].
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rheumatoid arthritis -

Rheumatoid arthritis (RA) is a chronic inflammatory disease,
affecting the joints and extra-articular tissues. Increased protein
expression of a series of matrix metalloproteases, which are
involved in the breakdown of extracellular matrix molecules, has
been demonstrated in patients with RA [8]. Several reports [9,10]
have described a reduced expression of FcyRIIIa on NK cells iso-
lated from the synovial fluid of affected joints of RA patients. It is
possible that the activated metalloprotease may cleave FcyRIIla
on NK cells. Soluble FcyRIIIa (sFcyRIIIa) is detected in plasma
from RA patients and in very low amounts in plasma from
healthy donors [2]. In addition to NK cells, mononuclear cells,
such as macrophages, lymphocytes and plasma cells, are the very
common cells in the synovium of the rheumatoid joint. Macroph-
age FcyRIIla is distributed in restricted tissues [11], being
expressed at high levels only in the synovial intimal tissue and
other tissues, such as pericardium. Three studies that examined
the changes in synovial membrane pathology resulting from treat-
ment with gold injections showed a significant reduction in the
number of cells of the macrophage lineage in the lining and sub-
intimal regions of these patients, which correlated with an
improvement of their clinical courses [12-14].
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Although sFcyRIII has been detected in saliva, synovial and
seminal fluid, serum and plasma [2,5,15-17], none of the assays
used discriminates sFcyRIIla from sFcyRIIIb. Plasma sFcyRIII
was shown to be derived mainly from neutrophils and to a lesser
extent from NK cells [2,5,16]. sFcyRIIIa derived from macroph-
ages has not yet been detected in plasma. Previously, we mea-
sured sFcyRIITa in plasma of NA(1 + ,2-) phenotyped donors with
the anti-FcyRIII monoclonal antibody (MoAb) GRM1 [18],
which recognizes NA2-FcyRIIIb and sFcyRIlla. The level of
sFcyRIIla, as well as the total sFcyRIII (sFcyRIlla plus
sFcyRIIIb), in RA patients was significantly higher than that in
healthy controls. In this study, we measured sFcyRIIIa™’ in
plasma with immuno-polymerase chain reaction (PCR) with a
newly developed anti-FcyRIII MoAb, MKGR14 (mIgM), which
specifically recognizes FcyRII1a™’.

METHODS

FeyRIIa™ specific anti-FeyRIII MoAb, MKGRI14

FcyRI11a™? were prepared from Nonidet P-40 lysates of 4-day-cul-
tured monocytes. Briefly, monocytes were isolated from a buffy
coat prepared from citrated blood of healthy donors by Percoll
density centrifugation and subsequent counterflow centrifugal
elutriation of the mononuclear leucocytes [19]. The purified
monocytes were cultured for 4 days in Iscove’s minimal essential
medium supplemented with 10% fetal calf serum. The cultured
monocytes were lysed at 4°C by treatment for 15 min with 1%
Nonidet P-40 (Sigma, St Louis, MO, USA) in 110 mM NaCl and
50 mM Tris (pH 7-5) in the presence of 50 ug of phenylmethylsul-
phonyl fluoride (PMSF) per ml, 1 mM No-p-tosyl-L-lysine chlo-
romethyl ketone (TLCK) and 40 ug of soybean trypsin inhibitor
per ml. After the lysates were precleared with bovine serum albu-
min (BSA)-coated Sepharose CL-4B beads (Amersham Pharma-
cia Biotech AB, Uppsala, Sweden), FcyRI11a™? were purified by
affinity chromatography with lentil lectin-sepharose (Amersham
Pharmacia Biotech AB) and anti-FcyRIII MoAb CLBFcRgranl
(Table 1) bound to Sepharose CL-4B beads. Anti-FcyRIII MoAb
CLBFcRgranl was provided generously by Dr M. de Haas, CLB,
Amsterdam, the Netherlands.

We developed a new anti-FcyRIII MoAb, MKGR14, by
immunization of mice with purified FcyRII1a™’. The MoAb was
tested simultaneously with the anti-FcyRIII MoAb CLBFcRgranl
for reactivity with NAINA2-neutrophils, NK cells, monocytes,
cultured monocytes, peritoneal macrophages and THP-1 by indi-
rect immunofluorescence. The peritoneal cells were collected
from the peritoneal fluid of a patient with renal disease treated
with continuous ambulatory peritoneal dialysis. The cross-block-
ing experiments were performed with fluorescein isothiocyanate

Table 1. Anti-FcyRIII MoAbs used in this study

MoAbs Specificity Source
CLBFcRgranl FcyRIIIa and FcyRIIIb M. de Haas
3G8 FcyRIIIa and FcyRIIIb MEDREX, INC
CLB-LM6-30 FcyRIIla and FcyRIIIb M. de Haas
CLBFcRgranll NA1-FcyRIIIb M. de Haas
GRM1 FcyRIIla and NA2-FcyRIIIb F. Garrido
MKGR14 FeyRIIIaM? M. Masuda

(FITC)-labelled anti-FcyRIII MoAbs, MKGR14, CLBFcRgranl,
3G8, CLBFcRgranll, GRM1 and CLB-LM6-30 (Table 1). Anti-
FcyRIII MoAb CLBFcRgranll and CLB-LM6-30 or GRM1 were
provided generously by Dr M. de Haas, CLB, Amsterdam, the
Netherlands, or Dr F. Garrido, Hospital Virgen de las Nieves,
Granada, Spain, respectively.

Anti-FcyRIII immunoblot analysis

Neutrophils were isolated from blood of healthy NA(1 +, 2 +)
phenotyped donors by Percoll density (1-077 g/em®) centrifuga-
tion and subsequent lysis of erythrocytes with ammonium chlo-
ride [5]. Monocytes and large granular lymphocytes (LGL) were
isolated from a bufty coat prepared from citrated blood of healthy
donors [19]. The purified NAINA2-neutrophils, LGL or 4-day-
cultured monocytes were lysed with 1% Nonidet P-40 and
immunoprecipitated with anti-FcyRIII MoAb MKGR14 or
CLBFcRgranl. Purified anti-FcyRIII MoAb MKGRI14 or
CLBFcRgranl had been coupled to sepharose CL-4B beads
or protein G-Sepharose 4 fast flow beads (Amersham Pharmacia
Biotech AB), respectively.

Anti-Fc)RIII immunoprecipitates were analysed by one-
dimensional SDS-PAGE under non-reducing conditions on an
acrylamide gel and transferred to a nitrocellulose membrane.
After blotting with anti-FcyRIII MoAb CLB-LM6-30 [18], fol-
lowed by a peroxidase-conjugated goat anti-mouse IgG antibody
(Jackson Immuno Research, West Grove, PA, USA), the
FcyRI1IaM?, FeyR111a™* and FcyRIIIb were detected by enhanced
chemiluminescence (Boehringer Mannheim GmbH, Germany).

Analysis of immunoprecipitates by gel electrophoresis
Four-day-cultured monocytes were surface-labelled with biotin
and lysed in 1% Nonidet P-40, as described before. The cell
lysates were incubated with Sepharose-coupled MKGR14 or
CLBFcRgranl, and the immunoprecipitates were then analysed
by SDS-PAGE under non-reducing conditions and transferred to
a nitrocellulose membrane. The biotin-labelled protein was
detected by blotting with peroxidase-conjugated streptavidin.

Patients

Patients were recruited from the Division of Rheumatology at our
hospital, and were followed-up from April 1994 to April 1996. All
patients met the American Rheumatism Association (ARA) cri-
teria for RA [20]. Seventy-six patients with a NA(1 +, 2-) pheno-
type were selected from 178 patients with RA. Although the
measurement of sFcyRI1Ia™? in plasma from any donors is possi-
ble, we selected NA(1 +, 2-) phenotyped donors to compare the
levels of sFcyRIIla. Four of these 76 patients had nephritis and
four had hepatic diseases, and were excluded because sFcyRIII are
probably catabolized by the liver, as well as excreted from the kid-
ney [5,17]. As pathological controls, eight patients with a NA(1 +,
2-) phenotype were selected from 40 patients with osteoarthritis
(OA). Laboratory findings in these patients are shown in Table 2.
Informed consent was obtained from all patients, and the trial was
approved by the ethical committee in our hospital.

Three hundred and forty-two healthy volunteers were
recruited randomly from the hospital staff. One hundred individ-
uals were selected for an NA(1 +, 2-) phenotype to constitute the
pooled plasma. Forty-one age-matched individuals were selected
as healthy controls. None of the control individuals had any evi-
dence of renal, hepatic, infectious or inflammatory disease or dia-
betes mellitus, and none were taking any medication.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 132:477-484
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Table 2. Laboratory findings in the patients

Controls RA patients OA patients
n F:28, M: 12 F:54,M: 14 F:7,M: 1
Age (years) 53-4+13-4 56-1+11-9 58:6+74
RF (IU/ml) <10-1 131-6 + 3184 <101
1eG (g/) 154+22 21-5 £ 6:5%F 14-9+2.7
IgA (g/) 3111 44 £1.9% 3-5+16
IgM (g/l) 1-8+07 20£10 2:0+17
CRP (mg/l) <10 342 £34-4% 71+17-4
ESR (mm) - 48-1+337 -
Lansbury Index - 35-8+£185 -
Neutrophils (ul) 3684 + 998 5316 + 1877+ 4500 + 2552
NK cells (ul) 253 £112 263 £152 335+ 146
Platelets (104/ul) 24-1+6-0 312 £9:9%F 21-7+54

RF indicates rheumatoid factor; CRP, C-reactive protein; ESR, eryth-
rocyte sedimentation rate. The data are presented as the mean + s.d.
Significant differences versus healthy controls (*P <0-01) or versus OA
patients (P <0-01).

FeyRIIIB-NA(1, 2) genotyping assays

Genomic DNA (gDNA) was extracted from leucocytes by stan-
dard techniques. Genotyping for the FcyRIIIB-NA1/2 polymor-
phism was performed according to Koene et al. [21]. In brief, two
sets of primers specifically annealing to either an NA1-FcyRIIIB
or an NA2-FcyRIIIB fragment were used. NA1-FcyRIIIB- and
NA2-FcyRIIIB-specific fragments were amplified separately from
¢DNA in a PerkinElmer GeneAmp PCR System 9600 (Foster
City, CA, USA).

ELISA for total sFcyRIIT

The total sFcyRIII concentrations were measured by enzyme-
linked immunosorbent assay (ELISA) according to Koene et al.
[17]. Briefly, a 96-well ELISA plate (Nunc Immunoplate Max-
isorp, Roskilde, Denmark) was coated with anti-FcyRIII MoAb
CLBFcRgranl. After unbound sites had been blocked with 2%
milk in phosphate-buffered saline (PBS), diluted EDTA plasma
in high-performance ELISA buffer (HPE buffer; CLB, Amster-
dam, the Netherlands) was incubated in the wells for 1 h at room
temperature. After washing with PBS containing 0-02% (v/v)
Tween-20, the plates were incubated with a biotin-labelled rabbit
anti-FcyRIII antibody. After incubating with horseradish-peroxi-
dase-labelled streptavidin, the amount of sFcyRIII was detected
with tetramethylbenzidine and H,0O,. A calibration curve was
constructed with pooled plasma from 100 healthy NA(1 +, 2-)
phenotyped donors. The concentration of total sFcyRIII in this
pool was set at 100 arbitrary units (AU).

Immuno-PCR method for sFcyRIIla and sFcyRIIIa™®

The sFcyRIIla and sFcyRIIa™’ concentrations were measured
with immuno-PCR according to Furuya eral. [22] with minor
modifications. Briefly, thin-walled 96-well polypropylene plates
suitable for thermocycling (Bio Medical Equipment, Tokyo,
Japan) were coated with anti-FcyRIII MoAb GRMI1 for
sFcyRI1la or MKGR14 for sFcyRII1a™?. After unbound sites were
blocked with 1 g/l salmon sperm DNA, 1% fetal calf serum, 5%
milk and 1% gelatin in PBS, diluted EDTA-plasma in HPE buffer
was incubated in the wells for overnight at 4°C. After washing
with PBS containing 0-02% (v/v) Tween-20, the plates were incu-

bated with the biotin-labelled CLBFcRgranl for sFcyRIIla or
GRM1 for sFcyRIIa™. After incubating with Neutravidin
(ImmunoPure grade, from Pierce, Rockford, IL, USA) (1 mg/l in
HPE buffer), the plates were incubated with the biotinylated
DNA (5 nM in HPE buffer containing 1 g/l salmon sperm DNA).
Biotinylated DNA has been produced from plasmid Bluescript by
PCR amplification with biotinylated M13 primer and non-bioti-
nylated Rev primer, as described previously [22]. The amount of
sFcyRIII was detected by real-time PCR in an ABI PRISM® 7700
Sequence Detection System (Applied Biosystems, Foster City,
CA, USA). A calibration curve was constructed with the plasma
pool and the concentration of sFcyRIlla or sFcyRIIa™’ in the
plasma pool was set at 100 AU.

Recovery of sFcyRIIIa™®

In our study, sFcyRIII concentrations were presented as the per-
centage of sFcyRIII compared with the amount of sFcyRIII in a
standard plasma pool. To determine the relative levels of
sFcyRIITa™?, sFcyRIIIa™* and sFcyRIIIb in plasma, we added
purified sFcyRIIIa¥ to pooled plasma, measured sFcyRIITa™?,
sFcyRIIIa and total sFcyRIII, and then calculated how much AU
had been added. sFcyRII1a™ was prepared from culture super-
natant of monocytes by affinity chromatography with Lentil
Lectin-Sepharose and anti-FcyRIII MoAb CLBFcRgranl-
Sepharose, as described before. Contaminating MoAb was
removed by filtration with a 100-kDa cut-off membrane
(OMEGA™ disk, Pall Filtron Co., Northborough, MA, USA),
followed by concentration of FcyRIIIa™’ (OD*: 0-457). Purified
sFcyRII1a™ or PBS (1/10 volume) was supplemented to pooled
plasma from healthy NA(1 +, 2-) phenotyped donors and then
sFcyRIITa™?, sFcyRIIla and total sFcyRIII were measured 10
times each.

Effects of IgG complex in RA samples

A yglobulin fraction was prepared from pooled RA patient’s
serum by precipitation with 30% saturated ammonium sulphate.
After dialysis against PBS, the fraction was passed through a
column of anti-FcyRIII MoAb CLBFcRgranl bound Sepharose
CL-4B beads (Amersham Pharmacia Biotech AB) to remove
sFcyRIIL.

The concentrated jglobulin fraction with or without
sFcRIMTa™ was added to the pooled plasma or to the RA
patient’s plasma, and subsequently the amount of the three types
of sFcyRIlIla were measured.

Statistical analysis

Differences in the sFcyRIII levels or laboratory data among the
groups were tested by analysis of variance (ANOVA) with the
Fisher’s PLSD post hoc test. Correlations were tested by Bar-
tlett’s test and multiple comparisons by analysis of variance.

RESULTS

FeyRITa"-specific anti-FeyRIII MoAb, MKGRI14

We developed a new anti-FcyRIIT MoAb, MKGR14 (mIgM), by
immunizing mice with purified human FcyRIIIa". As shown in
Fig. 1, MKGR14 bound to cultured monocytes, a subpopulation
of monocytes and peritoneal monocytes/macrophages, but not to
NA1NA2-neutrophils or NK cells. In contrast, CLBFcRgranl
bound to all cell types. Both MoAbs did not bind to THP-1 (data
not shown). The cross-blocking experiments showed that

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 132:477-484
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MKGR14 slightly inhibited the binding of the CLBFcRgranl, but
not the other tested MoAbs (data not shown). Immunoblotting
assay showed that MKGR14 precipitated FcyRIIIa™ from the
lysate of cultured monocytes, but did not precipitate FcyRIIIb or
FcyRIIa™ from the lysate of NAINA2-neutrophils or LGL,
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Fig. 1. Histograms of anti-FcyRIII MoAb MKGR14 binding cells. Four-
day-cultured monocytes, peripheral blood leucocytes (NA (1+, 2+)
donor) or peritoneal cells were incubated on ice with anti-FcyRIII MoAb
MKGRI14 (left) or CLBFcRgranl (right). Neutrophils, lymphocytes or
peritoneal monocytes/macrophages were identified by their characteristic
forward and side scatter properties, and the cell population exhibiting
these characteristics was selected by flow cytometric gating for analysis.
The black lines indicate anti-FcyRIII MoAb binding cells and the grey
lines indicate negative control.

respectively (Fig.2). In contrast, CLBFcRgranI precipitated all
three types of FcyRIII. As shown in Fig. 2d, MKGR14, as well as
CLBFcRgranl, precipitated only 50-60 kDa protein from the
lysate of biotin-labelled cultured monocytes. All these results
show that MKGR14 specifically recognizes FcyRIITa™?.

Measurement of sFcyRIIa™ in plasma

The FcyRlIlla is released from NK cells and/or macrophages, and
FcyRIIID is released from neutrophils [3-7,16]. Using FcyRIITa™?-
specific anti-FcyRIII MoAb, MKGR14, we measured sFcyRI11aM?
in plasma. As shown in Fig.3, the level of sFcyRIIIa™’ in RA
patients was about four times higher than that in healthy controls.

(a) Cultured monocytes () NK cells
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Fig. 2. Analysis of immunoprecipitates of MKGR14 by anti-FcyRIII
immunoblot (a, b, ¢) and gel electrophoresis (d). (a, b, ¢) Immunoprecip-
itates of MKGR14 (MKGR) or CLBFcRgranl (CLB) prepared from 4-
day-cultured monocytes (a), LGL (b: NK cells) or NAINA2-neutrophils
(c) were analysed by SDS-PAGE under non-reducing conditions and
transferred to a nitrocellulose membrane. The FcyRIII were detected by
immunoblotting with an anti-FcyRIII MoAb CLB-LM6-30. (d) Four-day-
cultured monocytes were surface-labelled with biotin and lysed in 1%
Nonidet P-40. The cell lysates were incubated with Sepharose-coupled
MKGR14 (MKGR) or CLBFcRgranl (CLB), and the immunoprecipitates
were then analysed by SDS-PAGE under non-reducing conditions and
transferred to a nitrocellulose membrane. The biotin-labelled protein was
detected by blotting with streptavidin. M,, relative molecular mass x 107>,

Fig. 3. Concentration of sFcyRIIIa"’, sFcyRIIla and total sFcyRIII in plasma from RA patients. The sFcyRIIIa™? (upper), sFeyRIIIa
(centre) or total sFcyRIII (lower) concentrations were measured with immuno-PCR or with ELISA, respectively, and are presented as the
percentage of sFcyRIII compared with the amount of sFcyRIII in the plasma pool. Significant differences versus healthy control (*P < 0-05,
#*P <0-01), versus OA patients (#P < 0-05, ##P < 0-01) or versus stage 4 (§P < 0-05, §§P < 0-01).
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Table 3. Multiple comparisons of correlation among sFcyRIII levels and laboratory findings in patients

Correlation coefficient

sITaM? P sIIIa P TsIII P
(a) Controls
Age 0-801 < 0-0001 —0-068 0-738 0-030 0-882
IeG -0-071 0-726 0-301 0-129 - 0042 0-834
Neutrophils 0-120 0-553 -0-152 0-4517 0-231 0-249
Platelets 0-218 0276 —-0282 0-157 - 0079 0-694
(b) RA patients
Age - 0-066 0-604 - 0029 0-821 -0-187 0-134
RF -0-103 0-419 —-0-093 0-463 0-034 0-785
1eG 0-033 0797 0-120 0-342 0-282 0-022*
CRP - 0204 0-106 0-247 0-047* - 0099 0-429
Lansbury Index 0-310 0-013* 0254 0-042* 0-239 0-054
Neutrophils -0-148 0-244 0-005 0-971 0-064 0-608
NK cells 0-221 0-080 0-056 0-660 0-032 0-799
Platelets 0-212 0-094 —-0-198 0-115 -0-029 0-814

sITIa™? indicates level of sFcyRIIIaM? s1Ia, level of sFcyRIIIa; TsIII, level of total sFcyRIII; RF,

rheumatoid factor; CRP, C-reactive protein.

In particular, there were extraordinarily higher levels in patients
in stage III or I'V. In contrast, the level of total sFcyRIII was only
about two times and the level of sFcyRIIla was about three times
higher. As pathological controls with arthritis, the sFcyRIII con-
centrations were measured in OA patients. All the sFcyRIII levels
in OA patients were not different from those in healthy controls
and were significantly lower than those in RA patients.

As shown in Table 3, the sFcyRI1Ia™? levels in plasma corre-
lated with age, the sFcyRIIIa levels correlated with the number of
NK cells in peripheral blood and total sFcyRIII levels correlated
with the number of neutrophils in peripheral blood in healthy
controls, but not in RA patients. All the sFcyRIII levels correlated
with each other (sFcyRIIIa™ to sFcyRIla: r=0-335%*,
sFcyRIIIa™ to total sFcyRIIL: r=0-274*, sFcyRIlla to total
sFcyRIIL: r = 0-447%*) in RA patients, but not in healthy controls.
In RA patients, there was a significant correlation between the
sFcyRIIIa™ levels and the Lansbury Index, and between the
sFcyRIlla levels and C-reactive protein or the Lansbury Index,
and between total sFcyRIII levels and the concentrations of IgG
(Table 3, Fig. 4).

Previous papers have shown that plasma sFcyRIII is derived
mainly from neutrophils and to a lesser extent from NK cells
[2,5,16], and the sFcyRIIIa is derived mainly from NK cells [2]. To
determine the relative levels of sFcyRIIIa™’, sFcyRIITa™* and
sFcyRIIIb in plasma, we added purified FcyRII1a™ to pooled
plasma, measured sFcyRI11a™?, sFcyRI11a and total sFcyRIII, and
then calculated how much AU had been added. The supple-
mented FcyRIITa™ were 263-78 + 9-61 AU in sFcyRIIIa™ assay,
95-78 +£7-38 AU in sFcyRIIla assay and 1-93 £0-93 AU in total
sFcyRIII assay.

Previously, we evaluated the effects of IgG complexin RA sam-
ples on measured sFcyRIII concentrations. To evaluate the effect
of IgG complexes in RA samples, we composed ‘RA-like’ samples
with pooled plasma from healthy volunteers,sFcyRII1a™’ prepared
from culture supernatant of monocytes and the yglobulin fraction
prepared from RA patients’ serum. The levels of sFcyRIIIa™? | as

well as the total sFcyRIII or sFcyRI1la, decreased with increasing
amounts of supplemented RA y-globulin fraction (Fig. 5).

DISCUSSION

FcyRIII (CD16) exists in two alternative forms. NK cells and mac-
rophages express FcyRIIIa and neutrophils express FcyRIIIb [1].
Both FcyRIlIs are released from the cell surface with proteolytic
cleavage [3-7,16] and these soluble forms are present in plasma
[2,5,16,17]. Previously, we measured sFcyRIlla in plasma of
NA(1 +, 2-) phenotyped donors with anti-FcyRIII MoAb GRM1
[18], which recognizes NA2-FcyRIIIb and FcyRI11a. The level of
sFcyRI1la, as well as the total sFcyRIIL, in RA patients was sig-
nificantly higher than that in healthy control.

Thus, to determine unequivocally the plasma level of
sFcyRIIla, an assay that discriminates sFcyRIIIa™* from
sFcyRIITa™ should be developed. We have succeeded in raising a
new anti-FcyRIII MoAb which specifically recognizes FcyRI1IaM?,
by immunization of mice with purified human FcyRIIIa". This
MoAb, MKGR14 (mIgM), bound to monocytes/macrophages,
but not to neutrophils or NK cells. MKGR14 precipitated
FcyRI1IaM?, but not FcyRIIIb, FcyRIIIa™* or other proteins from
the surface of the cultured monocytes. Because in NK cells and
macrophages the FcyRIITA gene is expressed [1] and FcyRIIIa
shows a cell type-specific glycosylation [2], MKGR14 probably
recognize the oligosaccharide portion.

Plasma sFcyRIII was shown to be derived mainly from neu-
trophils and to a lesser extent from NK cells [2,5,16], and the
sFcyRIIla is derived mainly from NK cells [2]. In our study,
sFcyRIII concentrations were presented as the percentage of
sFcyRIII compared with the amount of sFcyRIII in the pooled
plasma. It is interesting to clarify the differences in the amounts of
sFcyRITa™, sFcyRII1aN® and sFcyRIIIb. From the recovery of
purified sFcyRI11aM?, we calculated these difference. The amount
of sFcyRII1a™ present was about half that of sFcyRIITa"*, and
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Fig. 5. Effects of IgG complex on measurement of sFcyRIIIa™’and sFcyRI1Ia in plasma from RA patients. The RA y-globulin fraction
was added to the plasma pool, with (@) or without (O) sFcyRIIIa™, or RA patient’s plasma (R56) ((J), and then the amount of sFcyRIIIa™?
(left) or sFcyRIIla (right) was measured. The amount of supplemented RA y-globulin fraction is presented as the concentration of

rheumatoid factor.

that of sFcyRIlla was about 50 times lower than that of sFcyRIIIb
in pooled plasma from healthy NA(1 +, 2-) phenotyped donors.
Previously, we evaluated the interfering effects of IgG com-
plex in RA samples on the measured levels of sFcyRIII. To detect
the effect of IgG complexes in RA plasma samples, we mimicked
RA samples by adding sFcyRIIIa™ and the y-globulin fraction
prepared from RA patients’ serum to pooled normal plasma. The
measured levels of sFcyRII1a™’, as well as the total sFcyRIII or
sFcyRIlla, decreased with increasing amounts of supplemented
RA yglobulin fraction (Fig.4). High levels of IgG complex

apparently decreased the sFcyRIII levels by about 10-15% in our
assay.

Several reports [9,10] have described a reduced expression of
FcyRIIla on NK cells in RA patients. Macrophage FcyRIIla is
expressed at high levels only in the synovial intimal tissue and
other tissues, such as the pericardium, that are involved in RA
[11]. We showed that the increased sFcyRIIIa in RA patients is
caused by activation of NK cells and/or macrophages, and the
ratio of sFcyRIIIa™* to sFcyRII1a™? varied between RA patients.
In RA patients, both the sFcyRIIla and sFcyRI11aM? levels corre-
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lated with the Lansbury Index (Fig. 4, Table 3) and thus with the
disease severity. However, there was a difference between the two
levels; i.e. sFcyRIIla levels, but not sFcyRIITa™’ levels were
increased directly proportional to C-reactive protein (Table 3)
and thus to inflammation. sFcyRIIIa™’ correlated independently
with the severity of RA. In conclusion, sFcyRIIIa"’ may serve as
a new marker of the disease activity in RA.
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