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SUMMARY

Seventeen pairs of longitudinal studies of mononuclear phagocyte system (MPS) Fc
receptor function in 15 patients with sytemic lupus were performed to explore the dynamic
range of Fc receptor dysfunction in lupus and to establish the relationships between MPS
function, clinical disease activity and circulating immune complexes (CIC). Fc receptor
function was measured by the clearance ofIgG sensitized autologous erythrocytes. At the
time of first study the degree ofMPS dysfunction was correlated with both clinical activity
(P < 0 05) and CIC (P < 0 05). At follow-up patients with a change in clinical status show
significantly larger changes in clearance function compared to clinically stable patients
(206 min vs 7 min; P<0 001). MPS function changed concordantly with a change in
clinical status in all cases (P=0 002). Longitudinal assessments did not demonstrate
concordance of changes in MPS function and CIC, measured by three different assays.
The MPS Fc receptor defect in systemic lupus is dynamic and closely associated with
disease activity. The lack of concordance of the defect with changes in CIC suggests that
either CIC does not adequately reflect receptor site saturation or that other factors may
also contribute to the magnitude of MPS dysfunction.

INTRODUCTION

The presence ofdefective splenic Fc receptor function, measured by mononuclear phagocyte system
(MPS) clearance of IgG sensitized autologous erythrocytes, in patients with sytemic lupus
erythematosus (SLE) (Frank et al., 1979; Parris et al., 1982; Williams, 1981) has stimulated interest
in the pathogenetic role ofcirculating immune complexes (CIC). The degree ofMPS dysfunction in
SLE correlates well with clinical disease activity (Frank et al., 1979; Parris et al., 1982). The
relationship of the MPS defect to levels of CIC is less clear since the correlation between these two
variables in SLE is inconsistent (Frank et al., 1979; Parris et al., 1982) and since no correlation has
been observed in Sjbgren's syndrome and other disorders (Hamburger et al., 1979; Lawley et al.,
1981). The presence of a correlation with disease activity, however, raises the possibility that MPS
dysfunction might play an important role in the pathogenesis of lupus.

The status of the MPS, disease activity and CIC can be investigated by longitudinal study of
individual patients as well as by cross-sectional comparison of different patients. A longitudinal
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approach minimizes the difficulties of assigning quantitative clinical activity scores in a disease such
as lupus with variable clinical patterns since patients can be compared to themselves. Similarly,
since current assays for CIC likely detect heterogeneous populations of complexes in different
subjects, serial studies may minimize variability introduced by inter-patient comparisons and
enhance the opportunity to demonstrate relationships between circulating complexes, clinical
activity and MPS status.

Sequential observations of MPS function, available in 11 patients with SLE who manifested a
decrease in disease activity, have shown improvement of IgG sensitized red cell clearance
(Hamburger et al., 1982). Concordance of directional changes in MPS function and in CIC was
suggested. However, in this study clinically stable and worsened groups each contained only one
patient. Analysis of all three clinical groups is important in order to demonstrate true directional
associations. Accordingly we present data which analyse disease activity relationships for the three
clinically improved, unchanged and worsened groups and show strong concordance between
changes in both MPS function and clinical activity. Changes in CIC, measured by three different
techniques, however, were not concordant with these directional relationships.

MATERIALS AND METHODS

Patient population. Fifteen patients (12 female, three male) with SLE followed by the Rheumatic
Disease service at The Hospital for Special Surgery and The New York Hospital gave written
informed consent for participation. The study protocol conformed to the principles of the
Declaration of Helsinki and was approved by the committees on Human Rights in Research at The
Hospital for Special Surgery and The New York-Cornell Medical Center.

All patients were Rh group positive, Coomb's test negative and greater than 18 years of age.
Each patient satisfied at least four preliminary ARA criteria for the classification of SLE (Cohen et
al., 1971). Thirteen patients had two studies performed; two patients had three studies. A total of 17
pairs of studies were available for analysis. The mean interval between studies for all patients was
3.7 + 2-4 months (median: 4 months). These 15 patients include all SLE patients with sequential
studies from January 1980 through December 1981 and constitute a subset of 32 SLE patients in
whom MPS status has been studied.

Assessment ofclinical activity. All 15 patients were graded for clinical activity immediately prior
to the time of study employing the ordinal scale of Frank et al. (1979) modified to exclude renal
disease: grade 0-no clinical manifestations of SLE: grade 1-minimal clinical manifestations of
SLE requiring no additional therapy; grade 2 active SLE requiring additional therapy for control
of signs and symptoms: grade 3-severe flare requiring hospitalization for management of
non-renal manifestations. This scale is comparable to the classification of Ropes (1976) with the
addition of Grade 0. All 15 patients were also graded by the activity criteria of Rothfield & Pace
(1962) and by the activity/severity score of Pearson & Lightfoot (1981) to examine inter-scale
reproducibility of associations between clinical status and MPS function.

MPS Fc receptor-mediated clearance studies. Fc-mediated MPS studies were done with a slight
modification of previously described techniques (Frank et al., 1979). All subjects' erythrocytes were
sedimented, washed three times in sterile physiological saline after removal of the buffy layer, and
radiolabelled with 51Cr (Amersham/Searle Corporation, Arlington Heights, Illinois, USA). The
5'Cr-labelled erythrocytes were then washed four times in physiological saline and an aliquot of the
cells was then sensitized with an amount of anti-D IgG (kindly supplied by Ortho Pharmaceuticals,
Raritan, New Jersey, USA) which results in a clearance half time (t I2) of approximately 30 min in
normal controls. The anti-D preparation was sterile, pyrogen free, hepatitis B surface antigen
negative, and free of IgM as determined by column chromatography, sucrose density gradient
centrifugation and polyacrylamide gel electrophoresis. Following incubation at 370C for 30 min
and two washes in physiological saline, the cells were diluted to a total volume of 10 ml and injected
into the subject. Survival was calculated by timed serial bleeding. Results are recorded as tlg2, or the
time in minutes necessary for 50% of the IgG sensitized 51Cr-labelled cells to leave the circulation,
based on a calculated zero point.
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Serological studies. Antibodies to native double stranded DNA were assayed by the Farr

technique (Pincus et al., 1969). CH50 titration was performed by the method of Kent & Fife (1963).
Immune complexes were measured by fluid phase C lq binding (Zubler et al., 1976), Staphylococcal
protein A binding (McDougal et al., 1979) and Raji cell assay (Theophilopoulos, Wilson & Dixon,
1976). All sera were obtained at the beginning of each of the clearance studies and were stored at
-70'C within 2 5 hr of venipuncture. For each serological parameter, all sera were assayed on a
single test run. The mean + s.d. values for each assay are given in Table 1.

Statistical analysis. Both parametric and non-parametric statistical techniques were used for
analysis of MPS data (Daniel, 1978; Snedecor & Cochran, 1980). The Mann-Whitney U-test and
Students' t-test were used to test whether two independent samples had been drawn from the same
population; the Chi-square and Fisher exact tests for analysis of 2 x 2 and 2 x 3 tables; and the
Spearman rank correlation coefficient, corrected for ties, for determination of correlation between
two variables. The Kendall coefficient of concordance, W, was used to express the degree of
association among the three different assays of circulating immune complexes. The mean, and
standard deviation were used as descriptive statistics where applicable.

For data analysis, the TI/2 value for each MPS assessment was classified as increased or
decreased relative to the immediately previous study. Accordingly, a decrease in T1/2 represents
improvement. No quantitative definition of improvement was assigned a priori.

RESULTS

The clearance half times for IgG sensitized autologous erythrocytes were significantly longer for the
15 SLE patients than for 33 normal controls (SLE: median= 190 min; mean+s.d. =330+332;
normals: median = 25 min; mean + s.d. = 29 + 17; P < 000001, Mann-Whitney U-test. See Figs 1 & 2,
Study 1). The degree of MPS dysfunction was found to be significantly correlated with clinical
activity assessed by the scales of Frank (1979) and Pearson & Lightfoot (1981) but not by the scale of
Rothfield & Pace (1962) which places marked emphasis on the presence of fever (p = 0 44, P < 0 05;
p=051, P<0 05; p=035, P<0 10, respectively).

Fourteen of the 15 patients had elevated levels of CIC by at least one assay and 12 of 15 had
elevated levels by at least two assays (Table 1). The three different tests showed a high degree of
inter-assay agreement with respect to relative ranks of initial values (Kendall's coefficient of
concordance, W= 0-934; X2 = 39 22, P < 0-00 1). The degree of MPS dysfunction at first study was
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Fig. 1. MPS clearance (t /2) in clinically changed patients. t1/2 values for the first (study 1) and second (study 2)
studies of each study pair are given for the clinically improved (0) and clinically worsened (0) groups. Therapy
in the two groups for study 1 and study 2 was not different. The mean intervals between studies were 3-7 months
for the clinically improved group and 3 4 months for the clinically worsened group.
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Fig. 2. MPS clearance (tI/2) in clinically unchanged patients. tl/2 values for the first (study 1) and second (study 2)
studies are given. The mean difference (7 + 27 min) between studies was significantly smaller in this group than in
clinically changed groups. The mean interval between studies in this group was 3-8 months.

significantly correlated with CIC by each of the three assays (SBA: p=0 51, P<0 05; ClqBA:
p=0 56, P<0 05; Raji: p=0 70, P<0 01).

Sequential studies
Prior to the follow-up clearance study, each patient was assessed for clinical activity and classified as
either improved, unchanged or worsened in relation to the clinical status at the time of the previous
clearance. Eight patients evidenced less clinical activity, four increased activity and five an
unchanged level of activity. Medications were not significantly different for the paired studies in the
three groups since patients with increased disease activity were studied prior to change in therapy.

All eight patients with clinical improvement had concomitant improvement in MPS function
while all four patients with clinical deterioration showed more prolonged MPS clearance values
(Fig. 1). The five clinically unchanged patients showed small differences in MPS function (Fig. 2).
The concordance of directional change in clinical activity and MPS function was highly significant
(X2 = 175, P <0 01). The magnitude of the difference between the first and second MPS clearance
values was significantly larger in the clinically changed patients compared to the clinically
unchanged (mean difference: 206 vs 7 min, P <0-001; Table 2). The clinically unchanged groups
showed a mean difference of only 7 min suggesting a reproducible defect in MPS function when
clinical status is unaltered.

To explore the hypothesis that MPS saturation by immune complexes might be the mechanism
underlying MPS dysfunction, the relationship between sequential changes in MPS clearance and in
CIC was investigated. Directional changes in circulating complexes were determined for all 17 study
pairs for each of the three assays. Analysis of these changes in relation to changes in MPS function
showed no statistical relationship (Table 3).

We investigated the possibility that this discordance was attributable to a large degree of
disagreement among results of the three assays. Initial values of circulating complexes by the three
tests showed a high degree of inter-assay agreement (vide supra). In nine patients the direction of
change was concordant with all three assays. Analysis considering both direction and magnitude of
change in CIC showed highly significant inter-assay agreement when either absolute or percentage
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Table 1. Immunological profiles at the time of sequential MPS assessment

CIC

Farr CHso SBA ClqBA Raji

Clinical 1* 2* 1 2 1 2 1 2 1 2
category n % binding units yg HAGG/ml % binding pg HAGG/ml

Improved 8 69 53t 148 137 223 203 17 5 7-8 267 245
(mean+s.d.) +28 +27 +65 +58 +108 +135 +157 +3-1 +280 +321

Unchanged 5 83 75 115 150 283 286 28-6 35 2 323 563
+15 +12 +43 +49 +114 +123 +21-6 +17 1 +409 +378

Worsened 4 52 60 134 112$ 217 230 170 11 5 311 436
+27 +35 +69 +67 + 113 + 126 + 19 5 +9 3 +337 +499

* I refers to the first study of the pair; 2 refers to the second study.
t t = 2 307, P < 0-05; paired f-test, one tail
+ t= 3 415, P < 0-025; paired f-test, one tail.

Table 2. Sequential changes in MPS function and changes in clinical disease status

Mean change in tl/2
Clinical
category n Absolute (min) Percentage

Improved 8 -236+293 -53 + 22
(mean + s.d.)
Unchanged 5 -7+27* -20+27*
Worsened 4 145 + 89 77 + 34

* Magnitude of the change in t1/2 is signifi-
cantly smaller in the clinically unchanged
group compared to the clinically changed
(improved and worsened) group: absolute
change (minutes), P< 0001; percentage
change, P < 0-025 (Mann-Whitney U-test, one
tail).

change was utilized (Kendall's coefficient of concordance; W=0 630, X2=30 22, P<0 02 and
W=-0688, X2 = 33-01, P < 001, respectively). No statistical relationship was seen between changes
in MPS function and changes in any of the three assays taken individually (Table 3). The change in
MPS t1/2 was not correlated with the change in circulating complexes (ClqBA) whether assessed by
absolute or percentage differences (p = 0 08 and p = 0-01 respectively).

DISCUSSION

We have investigated mononuclear phagocyte system Fc receptor function in patients with SLE.
The majority demonstrated a defect in MPS function which was correlated with both clinical
activity and the level of CIC at the time of initial evaluation. Follow-up assessment showed large
and concordant changes in MPS status associated with changes in clinical activity; that is, clinically



Table 3. Directional changes: concordance of CIC and MPS function

Levels of CIC
CIC

t1/2 assay Increased Unchanged Decreased

Decreased SBA 5 3* 3
ClqBA 3 3 5
Raji 5 1 5

Increased SBA 2 1 3
ClqBA 1 3 2
Raji 3 1 2

X2=0-3286, P>0-10 for the 2 x 3 analysis summing
changes for all three CIC assays. This conclusion is
unchanged by consideration of each assay individually
and by exclusion of clinically unchanged patients with
small changes in tl/2.

* Unchanged levels in the SBA represent an indeter-
minate value in one pair member due to floating of the
PEG precipitate.

improved patients had improved clearance function while clinically worsened patients showed even
greater MPS dysfunction. Changes in MPS status, however, did not correlate with changes in CIC
measured by three different assays.

Several studies have investigated Fc receptor-mediated MPS function in autoimmune diseases
and have suggested that the degree of dysfunction is correlated with disease activity and clinical
manifestations (Frank et al., 1979; Parris et al., 1982) but may not be correlated with levels of CIC
(Parris et al., 1982; Hamburger et al., 1979; Lawley et al., 1981). The nature and reproducibility of
these relationships are of great interest since defective FC receptor function may contribute to
disease pathogenesis. According to the CIC deposition model of immune complex disease,
circulating complexes deposit in tissue sites thereby leading to tissue injury (Haakenstad & Mannik,
1976; Haakenstad, Case & Mannik, 1975). Saturation of the system in experimental models leads to
delayed removal of CIC from the circulation and to enhanced deposition (Haakenstad & Mannik,
1974) while acceleration of clearance, induced by infection with Corynebacterium parvum (Barcelli
et al., 1981) or by zymosan treatment (Raij, Sibley & Keane, 1981), leads to decreased deposition.

In vitro evidence suggests that interaction of immune complexes with macrophage Fc receptors
impairs their ability to bind IgG sensitized erythrocytes (Rabinovitch, Manejias & Nussenzweig,
1975; Griffin, 1980; Kurlander, 1980; Ragsdale & Arend, 1980). The in vivo clearance of IgG
sensitized erythrocytes which is Fc receptor-dependent (Engelfriet et al., 1980) is also presumably
modified by immune complexes. Correlations between MPS dysfunction and both disease activity
and levels of CIC would support a mass action balance between disposal and deposition with
saturation of MPS as a central event leading to increased disease. Lack of such correlations might
suggest more complex relationships.

Both cross-sectional and longitudinal study designs allow investigation of these associations. In
cross-sectional analysis, we observed a significant correlation between disease activity and MPS
dysfunction as found by Frank et al. (1979). This correlation was confirmed with another
independently derived scale of activity (Pearson & Lightfoot, 1981), but was less strong with the
Rothfield and Pace scale which places strong emphasis on the presense of fever (Rothfield & Pace,
1962). A correlation between CIC levels and MPS dysfunction was also seen in our sample of 15
patients, although this relationship was lost when the sample analysis was extended to a much larger
group studied at a single point in time (Parris et al., 1982). The reason for this loss is not clear at the
present time.
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Longitudinal analysis supported a strong association between disease activity and MPS

dysfunction since MPS function changed concordantly in all cases with a change in clinical status.
Clinically unchanged patients had significantly smaller differences in MPS clearance values.
Longitudinal analysis of CIC, however, showed no relationship between changes in the MPS and
changes in levels of CIC. This dissociation was unaffected by considering direction ofchange alone
as opposed to both direction and magnitude. The lack of relationship is consistent with some
findings in SLE (Parris et al., 1982) and Sj6gren's syndrome (Hamburger et al., 1979) but would
appear at variance with the correlation between MPS function and CIC suggested in smaller
populations (Hamburger et al., 1982).

The lack of direct correlation between changes in MPS clearance and in CIC suggests that this
relationship may involve several factors. Although interaction ofCIC with mononuclear phagocyte
Fc receptors is likely to be at least partly responsible for Fc receptor dysfunction, a linear
relationship between MPS status and CIC assumes constant production of CIC and constant Fc
receptor association constants for binding of CIC. The measured level of circulating complexes
reflects the net of both production and disposal; and therefore, the free circulating pool ofCIC does
not tell us directly about the receptor bound pool. Other serum factors (Svenson, 1975),
anti-monocyte reactive antibodies (Arend et al., 1977), other antibody coated cells (Butler et al.,
1972) or qualitative differences in CIC themselves as measured (Anderson & Stillman, 1980;
Horsfall et al., 1981) may also be important factors modulating Fc receptor function. The capacity
or saturability of the MPS may also vary between patients (Lawley et al., 1981).

Whatever the basis for defective Fc receptor-mediated MPS function, the relationship to disease
activity is clear. Whether by delayed clearance of CIC allowing for greater deposition ofCIC or by
delayed clearance of an offending antigen allowing for its direct deposition followed by in situ
formation of immune complexes (Couser et al., 1978; Ford & Kosatka, 1979; Fleuren, Grono &
Hoedemaeker, 1981), MPS dysfunction may play an important role in disease pathogenesis.
Further study will provide insight into the basis for and modulation of this dysfunction.

This work was supported in part by the Multipurpose Arthritis Center at The Hospital for Special Surgery, NIH
grants AM 14627 from NIAMDD and RR-47, General Clinical Research Centers Branch, Division of Research
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