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A B S T R A C T A sensitive and simple procedure for the
detection and quantitation of soluble complement (C) -

fixing immune complexes in sera of patients with vari-
ous disease states has been developed by utilizing C re-
ceptors on Raji cells. These cells lack membrane-bound
immunoglobulin but have receptors for IgG Fc, C3b,
C3d, and possibly other C proteins. Uptake experiments
showed that both aggregated human gamma globulin
(AHG) and 7S IgG bound to receptors for IgG Fc;
however, AHG reacted with C bound to cells only via
receptors for C and this binding was much more efficient
than via IgG Fc receptors. AHG was used as an in vitro
model of human immune complexes and its uptake by
Raji cells was quantitated by 'I-radiolabeled antihuman
IgG. The limit of sensitivity of this test was 6 ,ig AHG/
ml serum. The ability of Raji cells to detect AHG in
serum depended on the amount of radioactive antibody
used and the size of aggregates. The presence of an ex-
cess of C somewhat inhibited binding of AHG contain-
ing C to Raji cells.

The efficient binding of AHG by receptors for C on

Raji cells was used for the detection and quantitation of
immune complexes in human sera. Raji cells were in-

cubated with sera to be tested and then reacted with ex-

cess radiolabeled antihuman IgG; the amount of radio-
activity bound to the washed cells was determined and
referred to a standard curve of radioactive antibody up-
take by cells previously incubated with increasing
amounts of AHG in serum. Thereby immune complexes
were detected and quantitated in serum hepatitis, sys-
temic lupus erythematosus, vasculitis, subacute sclerosing
panencephalitis, dengue hemorrhagic fever, and malig-
nancies.

INTRODUCTION

Immune complexes appear to be one of the most impor-
tant mechanisms by which immunologic tissue injury is
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produced. Their phlogogenic and immunopathogenic
roles have been well established in experimental animal
models. The experiments with serum sickness are the
most clear-cut examples (1). With the refinement of the
necessary techniques, pathogenic immune complexes are
increasingly recognized as the cause of many disorders
in animals and humans (2). Exogenous as well as en-
dogenous antigens can trigger pathogenic immune re-
sponses resulting in deposition of immune complexes in
tissues (3). The glomerular filter, arterial wall, and
choroid plexus are the sites where immune complexes
most commonly deposit (4).

With immunofluorescence and electron microscopy,
immune complexes are seen fixed in tissues (3, 5). In

addition, antibodies can be eluted from the diseased tis-
sues (6). More recently, it has become possible to detect
immune complexes directly in the circulation with a

variety of new procedures. Such methods include pre-
cipitation with C1q in agarose gels (7), precipitation
with monoclonal rheumatoid factor (8), precipitation
with polyethylene glycol (PEG)1 (9) and its modifica-
tion-selective precipitation by PEG of 'I-Clq bound
to complexes-(10), agglutination of latex particles
(11), competitive inhibition of uptake of radioactive
complexes by guinea pig peritoneal macrophages (12),
microcomplement consumption (13), inhibition of anti-
body-mediated cytotoxicity (14), platelet aggregation
(15), cryoprecipitation (16), alternate appearance in

the circulation of antigen or antibody (17, 18), and

analytical ultracentrifugation (19).

lAbbreviations used in this paper: AHG, aggregated hu-
man IgG; BSA, bovine serum albumin; C, complement;
DHF, dengue hemorrhagic fever; FITC, fluorescein iso-
thiocyanate; HB.Ag, hepatitis B surface antigen; HSA,
human serum albumin; MBIg, membrane-bound immuno-
globulin; MEM, minimal essential medium; MEM-HSA,
minimal essential medium containing 1% human serum al-
bumin; NHS, normal human serum; PBS, phosphate-buf-
fered saline; PEG, polyethylene glycol; SGOT, serum glu-
tamic oxaloacetic acid transaminase; SLE, systemic lupus
erythematosus; SSPE, subacute sclerosing panencephalitis.
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Raji cells, a human lymphoblastoid cell line with B
cell characteristics, may be used as in vitro detectors of
circulating immune complexes. These cells lack mem-
brane-bound immunoglobulin (MBIg), but have recep-
tors for IgG Fc, C3b, C3d (20), and Clq (21). Re-
cently, we developed an immunofluorescence test in
which complement (C)-fixing immune complexes in
sera were detected by the use of C receptors on Raj i cells
(22). However, this test had the disadvantages of not
being quantitative and of requiring blockage of the
IgG Fc receptors before use with human sera, to avoid
a positive background reaction due to the binding of
7S IgG. We now report a modification of this method
in which immune complexes in human sera have been
demonstrated and quantitated by measuring uptake of
radioactive antibody by IgG in the immune complexes
bound to cells.

METHODS

Lymphoblastoid cell line. Raji cells, which are derived
from Burkitt's lymphoma (23), were cultured in Eagle's
minimal essential medium (MEM), as has been described
(22). Cell viability was determined by trypan blue exclu-
sion. Preliminary experiments have shown that receptors
for IgG Fc, C3b, and C3d on these cells are expressed
equally well throughout the cell cycle, as evidenced by up-
take experiments with radiolabeled human IgG and the
fragments of C3 on synchronized cell cultures. However,
cells used in these experiments were always obtained 72 h
after initiation of the cultures.

Preparation of aggregated human gamma globulin (AHG)
sand monomeric IgG. Human IgG was obtained from Cohn
fraction II after fractionation on a DEAE-52 cellulose
column with a 0.01 M phosphate buffer, pH 7.3. Human
IgG in phosphate-buffered saline (PBS) was freed from
aggregates by centrifugation at 150,000 g for 90 min; the
upper third of the supernate (deaggregated or 7S IgG) was
removed, and the protein concentration was determined by
an automated micro-Kjeldahl method (24). The 7S IgG
was placed into samples of 0.1 ml (6.5 mg/ml), and stored
at -700C. AHG was prepared after heating a sample of
7S IgG in a waterbath at 63°C for 30 min.

Antisera. Antiserum to human IgG was prepared in
rabbits and the IgG fraction of this antiserum was isolated
on a DEAE-52 column as above. Antiserum to human C3
(25) and antiserum to hepatitis B surface antigen (HB.Ag)
were prepared in rabbits. The rabbit anti-HB.-Ag serum
was conjugated with fluorescein isothiocyanate (FITC)
(26). Antiserum specific to heavy chains of human IgG
was purchased from Cappel Laboratories, Inc., (Downing-
town, Pa.).

Radioiodination of protein. Human 7S IgG, human IgM,
bovine serum albumin (BSA), and the IgG fraction of the
rabbit anti-human IgG serum were iodinated with 'I ac-
cording to the procedure of McConahey and Dixon (27).
The specific activity of the "2I-rabbit anti-human IgG (1
mg/ml) was 0.2 ,uCi cpm/jtg protein.

Sucrose density gradient ultracentrifugation. AHG was
fractionated on a linear 10-37%o sucrose density gradient in
PBS, pH 72, formed in 5-ml cellulose nitrate tubes. The
gradients were equilibrated to 4°C before the sample (300
,ul of AHG in PBS, 3.5 mg/ml) was applied. Ultracentri-
fugation was performed in an SW 50.1 rotor for 5 h at

100,000 g and 4°C (Beckman Instruments, Inc., Spinco
Div., Palo Alto, Calif.). 10-drop fractions were collected
by piercing the tubes from below. Radiolabeled human IgM,
human 7S IgG, and BSA were used as 19S, 7S, and 4.5S
markers, respectively. Aggregates of 95S and smaller were
retained on the gradient. Fractions containing aggregates
of estimated size of 95S-50S, 49S-35S, 34S-19S, 18S-liS,
and 1OS-7S were pooled and dialyzed overnight in PBS.
Subsequently, the protein content in each pool was deter-
mined as above. These pools were used in experiments in
which the effect of the size of aggregates on binding by C
receptors of Raji cells was ascertained.

Selected sera from patients with hepatitis and malig-
nancies were also fractionated on similar 10-37%o sucrose
gradients by centrifugation at 100,000 g for 18 h. 10-drop
fractions were collected from the tubes and checked for
the position of C3 and HB.-Ag by Ouchterlony analysis
and for the distribution of the IgG by radial immunodiffu-
sion (28).

Raji cell radioimmune assay for detecting and quantitat-
ing immune complexes in human sera. In checking human
sera for immune complexes, 2 X 106 Raji cells in 50 Al
MEM were reacted with 25 pl of a 1: 4 dilution in saline
of the serum to be tested. After an incubation period of 45
min at 370C with gentle shaking, cells were washed three
times with MEM, reacted (30 min, 4C) with an optimum
amount of a 1:2 dilution of 'I-rabbit anti-human IgG in
MEM containing 1%o human serum albumin (MEM-HSA),
and gently shaken. Subsequently cells were washed three
times with MEM-HSA, and radioactivity in the cell pellet
was determined in a gamma counter. The amount of uptake
then was referred to a standard curve of radioactive anti-
body uptake by cells incubated with 25 Al of a 1: 4 final
dilution of normal human serum (NHS), freshly obtained
or stored at - 70'C, or of a pool of 20 NHS (sources of
C) to which various amounts (from 10 ,ug to 10 ng) of
AHG had been added. The mixtures of NHS or pooled
NHS with various amounts of AHG had been preincubated
for 30 min at 370C before being added to cells. The amount

of complexes in each serum tested was expressed as micro-
grams AHG equivalent per milliliter of serum.

Aggregates used in this test were freshly made each day
from samples of 7S IgG, stored at -700C as described
above. Just before use, the aggregates were centrifuged at

1,500 g for 15 min to remove insoluble large aggregates.
Preliminary studies with sucrose gradients had shown that
aggregates prepared from day to day under the same con-

ditions showed very little variation in patterns of protein
distribution along the gradient. However, to ensure uni-
formity in the size of aggregates in later experiments, a

large batch of AHG was prepared and 0.1-ml samples of
this preparation were stored at -70'C. Thus the standard
curve was highly reproducible. AHG stored at -70'C was

stable for 1 mo, but showed a gradual decline in activity
over longer periods of time.

Experimental sera. Samples of 19 sera were obtained
from patients with acute hepatitis with HBs-Ag, 15 were

from patients with acute hepatitis without HB,-Ag, and 59
were from asymptomatic carriers of HB.-Ag. The presence
of HB.-Ag was determined by counterimmunoelectrophore-
sis (29). From eight of the above patients with acute

hepatitis and HB.-Ag, sera were also obtained at the con-

valescent phase (3 mo after the onset of the disease). These
sera were provided by Dr. G. R. Irwin (Walter Reed Army
Medical Center, Washington, D. C.). Serum samples of
13 patients with systemic lupus erythematosus (SLE) were
sent to us by Drs. H. G. Kunkel and J. B. Winfield (Rocke-
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feller University, New York). Only one serum specimen
each was available from three of these patients. From the
remaining 10 patients a total of 92 sera obtained from serial
monthly bleedings were provided. 25 sera from patients
with various forms of vasculitis were obtained from Drs.
K. F. Austen and N. A. Soter (Harvard Medical School,
Boston, Mass.) and from Dr. J. S. Johnson (Scripps
Clinic). Six sera and cerebrospinal fluids from patients
with subacute sclerosing panencephalitis (SSPE) were
provided by Dr. M. B. A. Oldstone (Scripps Clinic). 119
sera from serial bleedings of 20 patients with various grades
of dengue hemorrhagic fever (DHF) were provided by
Dr. V. A. Bokisch (Scripps Clinic). 84 sera were collected
from patients with malignancies and were given to us by
Drs. T. J. Lehar and D. R. Newman (Rees-Stealy Medical
Clinic, San Diego, Calif.). In addition 20 sera from patients
with African Burkitt's lymphoma were from Dr. G. Klein
(Karolinska Institutet, Stockholm, Sweden).

Finally, as controls, 120 sera from healthy laboratory
personnel and military recruits and 60 sera from hospitalized
patients with no suspected immune complex disease (hyper-
tension, diabetes, heart failure, or obstructive pulmonary
disease) were tested. All sera tested by the Raji cell radio-
immune assay had been frozen at -70'C and thawed once.
Data on the diagnosis, activity of the disease, and appro-

priate laboratory findings for each condition studied, such
as DNA-binding capacity and C'H50 levels in SLE pa-
tients, and presence or absence of HB.-Ag and serum en-
zyme levels in hepatitis patients, were kindly provided to us
by the respective investigators after the results of the Raji
cell test had been obtained.

Statistical analysis. The mean, standard deviation, and
standard error of radioactivity (cpm) were calculated for
duplicate samples of the standard curve and each group of
triplicate serum samples.

RESULTS

Quantitation of IgG bound to Raji cells' IgG Fc and
C receptors. Since IgG Fc receptors on Raji cells bind
both AHG and 7S IgG, and immune complexes or AHG
reacted with C bind to these cells only via receptors for

C (20, 22), we assessed the number of IgG molecules

that bound to Raji cells' IgG Fc and C receptors. As

depicted in Fig. 1, approximately eight times more AHG

bound to cells after exposure to fresh rather than heated

(560C, 30 min) serum. At saturation, approximately
8.5 x 10' molecules of AHG bound/Raji cell via C re-

ceptors and only 1.2 X 10' molecules via IgG Fc re-

ceptors. When 7S IgG was added to cells, approximately
9 X 106 molecules bound/cell. The results indicated that

binding of AHG to Raji cells is greatly enhanced in the

presence of active C.
Detection of AHG in NHS by measuring uptake of

radioactive antibody to human IgG by Raji cells. Our

eventual purpose was to use the C receptors on Raji cells

for the demonstration and quantitation of immune com-

plexes in human sera. Therefore, the efficiency of Raji
cells in detecting immune complexes in sera was first

tested by incubating them with NHS containing various

concentrations of AHG, then measuring their uptake of

radioactive rabbit anti-human IgG. AHG was used as

125t.AIS + Heated NS
125 7S Igt

5 16 15 28 32
1251-ANC or iS 1gG Added 1.gj

FIGURE 1 Uptake of II-AHG and 7S IgG by C and Fc
receptors on Raji cells. 2 X 106 Raji cells were incubated
(370C, 30 min) with increasing amounts of OI-AHG that
had been first reacted (370C, 30 min) with 25 *I fresh or
heated (560C, 30 min) human serum, and 7S 'I-IgG in
saline.

an in vitro model of human immune complexes. Even
at a concentration of 40 ng AHG in 25 Ad of 1: 4 serum

(6 jg/ml), the uptake of radioactive antibody was con-

siderably greater than that by cells incubated with NHS
without AHG (Fig. 2). The amount of radioactive
antibody taken up by the cells was directly related to the
amount of AHG present in the serum (Fig. 2). For

+ HIS

Heated NS

10 10 1000
ANG or 7S IgI Aided (ngl

FIGURE 2 Raji cell uptake of lI-anti-human Ig after in-
cubation with increasing amounts of AHG in fresh or

heated (560C, 30 min) human serum, and 7S IgG in NHS.
Each point of the AHG + NHS curve represents the mean

±2 SD of duplicate samples run on 3 consecutive days.
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FIGURE 3 Titration of 1"I-anti-human IgG for the demon-
stration of AHG in serum. 2 X 106 Raji cells were incu-
bated (370C, 45 min) with 25 jul of 1: 4 dilution of NHS
that had been first incubated (370C, 30 min) with or with-
out 10 ug AHG. The washed cells were reacted (40C, 30
min) with increasing amounts of 'SI-anti-human Ig and
the washed cell pellets were counted.

comparison, the amount of radioactive antibody bound
to cells incubated with similar concentrations of AHG in
heated (560C, 30 min) human serum or 7S IgG in fresh
serum is also shown in Fig. 2. Over the range tested,
addition of AHG in heated human serum or 7S IgG in
NHS did not increase uptake of radioactive antihuman
IgG by the cells over that observed with serum alone.
The results showed that C receptors on Raji cells can
efficiently be used for the detection and quantitation of
immune complexes or AHG with fixed C.

Titration of radiolabeled anti-human IgG for the dem-
onstration of AHG in serum. Raji cells reacted with
NHS bind IgG only via Fc receptors. In contrast, cells
incubated with sera containing IgG complexes with fixed
C bind native IgG via Fc receptors and complexed IgG
via C receptors (20). To detect the difference in radio-
active antibody uptake between cells incubated in sera
with or without complexes, an excess of that amount of
antibody needed to react with the molecules of native
IgG bound via Fc receptors must be offered to the cells.
As in Fig. 3, when 30 ig of radioactive antibody was
added to cells incubated with 25 Ml of 1: 4 NHS in saline
alone or containing 10 /Ag of AHG, uptake by the latter
was approximately ninefold greater. However, with 10
times less antibody, the uptake between cells incubated
with NHS alone or NHS containing AHG was equiva-
lent. The use of more than 30 ug of antibody did not in-
crease the difference in uptake between NHS alone and
NHS containing AHG, indicating that 30 Mg of the
radioactive antibody saturated both 7S IgG bound via
Fc receptors and AHG bound via C receptors.

Effect of the aggregates' size on their detection by
Raji ceUs. Since large aggregates of IgG fix C better
than small ones (7, 30, 31), and large aggregates or im-

mune complexes made near equivalence bind to C recep-
tors better than smaller aggregates or immune complexes
made at large antigen excess (22, 32), it was important
to test the Raji cells' ability to detect aggregates of
different sizes. Uptake of radioactive antibody by Raji
cells incubated with NHS alone and with NHS con-

taining unfractionated AHG or aggregates of defined
sizes is compared in Fig. 4. It is evident that uptake of

radioactive antibody was directly related to the size of

aggregates. With the same amounts of 35S-95S AHG

and unfractionated AHG, cells took up comparable
amounts of radioactive antibody. However, with AHG
of 34S-19S and 18S-11S, the cells took up approxi-
mately one half to one third the radioactive antibody
taken up after incubation with serum containing com-

parable amounts of unfractionated AHG (Fig. 4). There-
fore, whereas the sensitivity of the Raji cells in detecting
unfractionated AHG in serum was approximately 6

Ag/ml, with 34S-19S AHG it dropped to 25 Mg/ml and
with 18S-11S to 50 Mg/ml.
The effect of excess C on the binding of AHG with

fixed C to Raji cells' C receptors. Receptors for C3b
on Raji cells are the same or closely associated with the

receptors for C3 (33), and immune complexes or AHG
reacted with C bind to cells via both C3-C3b and C3d
receptors (20). Since free C3 may compete with im-

mune complex-bound C3b for the C3-C3b receptor sites,
the effect of excess C on the binding of AHG with fixed
C to Raj i cells was assessed. In Fig. 5 the uptake of

dilutions of 'I-AHG incubated with 25 jl of neat, 1: 2,
1: 4, and 1: 8 dilutions of NHS is shown. It is evident
that binding of 15 sg 'I-AHG was higher when neat

rather than diluted serum was used as a source of C.
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FIGURE 4 Effect of size on detection of AHG by Raji
cells' C receptors. 2 X 106 Raji cells were incubated with
25 Ml of 1: 4 final dilution of NHS containing increasing
amounts of unfractionated AHG or AHG of defined sizes.
The washed cells were reacted with 'I-anti-IgG and the
uptake was measured.
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FIGuRE 5 Raji cell uptake of 'I-AHG in NHS as a
C source. 2 X 100 Raji cells were incubated with increasing
amounts of '"I-AHG which had been first reacted with 25
/ul of neat, 1: 2, 1: 4, and 1: 8 dilutions of NHS in saline.

However, with smaller amounts of AHG, the difference
in uptake between AHG in neat serum and in diluted
serum became less evident, suggesting an inhibitory
effect of excess C on binding. In another, more direct
approach, 15 4g of 1"I-AHG was incubated (30 min,
370C) with increasing amounts of NHS and then added
to 2 X 106 Raji cells. The uptake of this amount of AHG
was optimum when 40-50 , of NHS was used. With
larger amounts of serum, uptake was partially inhibited
(Fig. 6). This inhibition was not greater than 50% of
the optimal uptake, and even with a large excess of C
did not descend to the low uptake observed with AHG
without fixed C (Fig. 6). The results showed that an
excess of C had some inhibitory effect on the binding
of complexes with fixed C. Because of this C effect, a
1: 4 dilution of serum was chosen as optimum for study
of unknown test samples as well as for obtaining the
standard curve.

To demonstrate further that inhibition resulted from
excess free C3 and not from other serum factors, we

determined the percent of 5 lsg 'I-AHG taken up by
Raji cells incubated with the AHG and 100 A4 neat or

diluted 1:4 NHS. Similarly, we determined the uptake
by cells of 'I-AHG first incubated (370C, 30 min) with
100 ul neat or 1: 4 serum and then reacted with 1 mg

zymosan (370C, 30 min), which activates and removes

residual C not bound to immune complexes. As shown

in Fig. 7, uptake of AHG in neat serum was lower than

that observed in diluted serum. However, uptake of

AHG in neat serum increased after removal of excess

C, possibly C3, by zymosan (Fig. 7).

X0 1\ pg21221-ANC + INS

200-
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co 1 00-
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25 50 100 200 300
Human Serom Aided (mll

FIGURE 6 Effect of excess C on the binding of 'I-AHG
to Raji cells' C receptors. Binding of AHG to C receptors
was partially inhibited by excess fresh NHS. Binding of
AHG to Fc receptors was low but still inhibited by excess
7S IgG in heated human serum.

Detection and quantitation of immune complexes in hu-
man sera. Since Raji cells efficiently bind AHG reacted
with serum, these cells were used in a radioimmune as-
say system for the detection and quantitation of circu-
lating immune complexes in humans. Accordingly, cells
were incubated with the serum to be tested and then re-
acted with an optimal amount of radioactive antibody to
human IgG. Subsequently the uptake was determined
and referred to a standard curve of radioactive antibody
uptake by cells previously incubated with various amounts
of AHG in serum. A base line of radioactive antibody
uptake by cells incubated with NHS or a pool of NHS,
used as sources of C in the reference curve, was also
established. The estimated amount of complexes in each
serum tested was expressed as micrograms AHG equiva-
lent per milliliter serum. Using this method to determine

30

Net Treated Treated
with Zymesa. with Zymosan

C=

~20
co

=6

100#1 1:4 NHS 10001 NHS 100ml 1:4 NHS 100ig NHS

5pg AHG 5ptg ANG 5jo AHG >Xj AHG

FIGURE 7 Enhanced binding of "2I-AHG to Raji cells' C
receptors after depletion of residual C by zymosan. Values
represent mean-+ 1 SD for three experiments.
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TABLE I
Raji Cell Radioimmune Assay for Immune Complexes

in Human Sera

No. AHG
No. cases

Diagnosis cases positive Positive Mean Range

% jug eq/ml

Serum hepatitis 34 18 52.9 65 24-212

(with or without HBa-Ag)
SLE 13 13 100 327 24-1,100
Vasculitis 25 14 56 193 25-1,000
SSPE 6 3 50 58 24-100
DHF 24 15 62 62 25-225
Malignancies 104 43 41 68 20-383
Hospitalized patients 60 5 8.3 39 20-100
Normal patients 120 4 3.3 21 12-30

the amount of IgG complexes, we were able to detect
more than 12,g AHG equivalent, a level exceeding the

upper limits of normal, in the sera of 52.9% of patients
with acute serum hepatitis with or without HB.-Ag,
100% of patients with SLE, 56% of patients with vari-

ous vasculitides, 50% of patients with SSPE; 62% of

patients with DHF and 41% of patients with various
malignancies. In contrast, only 3.3% of normal donors

and 8.3% of hospitalized patients with suspected im-
mune complex disease exceeded the upper normal limit
of 12.ug AHG eq/ml (Table I). When the four normal
sera found to contain low levels of immune complexes
(never exceeding 30 *g AHG eq/ml) were tested by

an indirect immunofluorescence method for antinuclear
antibodies (34), they all were positive, with titers of 1: 4
to 1: 32.

In sera of patients with acute hepatitis with and with-

out HB.-Ag, and asymptomatic carriers of HB.-AG, the
Raji cell assay detected immune complexes (Table II)
with a mean value of 55-68 jg AHG eq/ml serum. Re-
sults from the Raji cell assay of sera from patients with
acute hepatitis and HB.-Ag obtained at the acute and

TABLE I I

Raji Cell Radioimmune Assay for Immune Complexes in
Patients with Acute Hepatitis with HB.-Ag, Acute
Hepatitis without HB.-Ag, and in Asymptomatic

Carriers of HB.-Ag

AHG
No. No.

Diagnosis cases positive Positive Mean Range

% pg eq/ml
Acute hepatitis

with HB.-Ag 19 12 63.1 68 (24-212)
Acute hepatitis

without HB.-Ag 15 6 40 62 (24-155)
Asymptotomatic carriers

of HB.-Ag 59 8 13.5 55 (24-100)

TABLE III
Raji Cell Radioimmune Assay for Immune Complexes

in Patients with Acute Hepatitis and HB.-Ag

Serum
Serum total
no. Phase of disease AHG bilirubin SGOT IgG

pg eq/ml mg/100 ml U/liter mg/mi

1 Acute 84 1.4 180 10.5

Convalescent* 24 0.5 20 9.5
2 Acute 77 1.8 120 13.0

Convalescent 50 0.5 25 12.0
3 Acute 200 10.2 1,300 15.5

Convalescent 0 0.8 35 ND
4 Acute 115 4.7 2,100 11.5

Convalescent 100 0.6 40 10.7

5 Acute 54 NDt ND 16.5

Convalescent 20 ND ND 16.0

6 Acute 100 10.0 1,400 9.5

Convalescent 50 0.5 25 10.0

7 Acute 50 2.5 600 18.5

Convalescent 45 0.6 25 15.5
8 Acute 95 ND ND 10.5

Convalescent 50 ND ND 13.0

* Convalescent phase, 3 mo after the onset of the disease.

? ND, not determined.

at the convalescent phases of their disease are shown in

Table III and compared with total bilirubin levels,
SGOT, and IgG levels. In the majority of these patients,
the amount of complexes as detected by the Raji cell

assay diminished markedly as the elevated serum en-

zyme levels fell during convalescence. However, the

amount of complexes in two patients remained approxi-
mately the same as serum enzyme levels declined. No

correlation between the amount of complexes and levels

of serum IgG was observed.
We then wished to demonstrate whether the com-

plexes detected on Raji cells after reaction with hepa-
titis sera were due to the presence of HB.-Ag-anti-
body-C complexes. Five sera positive for immune com-

plexes from patients with acute hepatitis and HB.-Ag
and three sera negative for immune complexes from

asymptomatic carriers of HB.-Ag were fractionated on

a 10-37% sucrose gradient. Fractions collected were

checked for the presence of HB.-Ag and C3 by double
immunodiffusion and for the distribution of IgG by
radial immunodiffusion. Representative profiles of the
sucrose gradients from one patient who was positive and
one who was negative for immune complexes are shown
in Fig. 8. HB.-Ag, C3, and IgG were all detected in ap-
proximately the middle portion of the gradient of sera

from asymptomatic carriers negative for immune com-

plexes. In contrast, in sera from patients with acute
hepatitis who had immune complexes, all HB.-Ag plus
C3 and IgG were present in the lower fractions of the
gradients. These results suggested that the complexes
found in patients with hepatitis were composed of HB.-

Ag-antibody and C. When Raji cells were incubated
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FIGuRE 8 Sucrose density gradient fractionation of sera
from an asymptomatic carrier of HB.-Ag negative for im-
mune complexes (upper panel) and a patient with acute
hepatitis and HB.-Ag having immune complexes (lower
panel). Fractions in which C3 and HB.-Ag were detected
are shown (+) at the top of each panel. The distribution
of IgG in each fraction is also indicated ( 0).

with the dialyzed lower portion of the gradient from

the sera of patients with hepatitis who were positive
for immune complexes and stained with FITC rabbit
anti-HB.-Ag, the cells were fluorescence positive, indi-
cating the presence of this antigen on their surfaces.
Control cells first incubated with NHS, MEM, purified
HB.-Ag, or the middle portion of the gradients from
sera negative for immune complexes had no detectable
HB.-Ag on their surfaces when stained with FITC
anti HB.-Ag.

Sera from patients with SLE were also analyzed by
the Raji cell assay. Immune complexes, particularly of
the DNA-anti-DNA type, have been implicated in the
pathogenesis of this disease (17, 35). As shown in Ta-
ble IV, all patients tested had immune complexes. A
negative correlation existed between amount of com-

plexes and total hemolytic complement, as well as a

positive correlation between amount of complexes and
anti-nativeDNA antibody levels. The amount of immune

complexes in all but one (Tit) correlated excellently
with activity of the disease, as evidenced by clinical
criteria. No correlation between amount of complexes
present and serum IgG levels was observed. When serial
monthly bleedings obtained over a long period of time
(1-2 yr) from 10 of these patients were analyzed, in all
but one (Tit), positive results from the Raji cell test and
exacerbations of the disease correlated well. Fig. 9 il-

lustrates the course of the disease and the results of the
Raji cell test in one of these patients (Ham). The cor-

relation is striking between clear-cut flare of SLE
(fever, pleuritis), C'Hm depression, presence of anti-
bodies to DNA, and positive results by the Raji cell
radioimmune assay. All indices rapidly returned toward
normal after prednisone treatment began.

TABLE IV

Raji Cell Radioimmune Assay for Immune Complexes
in Patients with SLE

Erythro-
cyte

sedimen-
anti- tation Protein- Clinical

Subject AHG C'Hso* DNA4 rate uria activity IgG

,g eq/ml mg/mi

Cia 24 200 ND§ 10 ND 0 14
Hen 98 85 43 39 ND + 13.5
Int 25 141 5 54 ND 0 15.7
Har 400 114 55 92 0 + 18.5
Wg 24 125 34 69 ± 14.9
McInt 65 147 ND 24 :1: ± 12.3
Dep 175 93 51 58 i + 12.6
Esp 325 78 51 47 + + 13.5
Ham 1,000 <30 62 15 0 + 11.8
Gro 164 <30 49 75 + + 17.0
Tit 428 200 ND 89 0 0 11.0
Col 52 121 ND 35 0 0 ND
Ber 800 74 57 26 0 + 14.7

* Normal values > 150.
Determined by the Farr technique with [14C]DNA. Upper

limit for normals 26% binding.
§ ND, not determined.

In our experiments the amount of IgG bound to Raji
cells was determined by using radiolabeled anti-IgG anti-
body reacting against both heavy and light chains. How-
ever, it has been reported that many SLE sera contain

antilymphocyte cold-reactive antibodies mainly of the

IgM class (36, 37). To demonstrate that absorption of

Clinical
Activity
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FIGURE 9 Serial study of a 47-yr-old women (Ham) with
SLE shows the correlation among levels of immune com-

plexes, C'H50, antibodies to native (N) DNA, and clinical
activity.

The Raii Cell Radioimmune Assay for Immune Complexes

sf

175



TABLE V

Failure of Cold-Reactive IgM Antilymphocyte Antibodies
to Absorb to Raji Cells at 370C

1251-anti-IgG

Ig class of (heavy 126I-anti-IgG
Antilymphocyte + light (heavy

Subject antibody* chains)i chains)i

pg AHG eq/ml

Hen IgM + (IgG)t 101 98
Har IgM + (IgG) 400 383
Berg IgM + (IgG) 800 774
Esp IgM 325 301
Dep IgM 175 178

* The class of cold-reactive antilymphocyte antibody in these
patients has been previously determined by Winfield et al.

(37).
t In patients Hen, Har, and Berg, the studies of Winfield
et al. (37) showed that the bulk of antilymphocyte antibodies
were of the IgM class. However, presence of a small amount
of IgG cold-reactive antibodies was also suspected.
§ The amount of complexes in the sera was estimated by using
standard curves obtained with cells incubated with AHG
containing C and reacted with 125I-anti-IgG (heavy + light
chains) or with 125I-IgG (heavy chain-specific), respectively.

IgM antilymphocyte antibodies to Raji cells was not

responsible for the results obtained with SLE sera, the
following experiment was performed. Raji cells were

incubated for 30 min at 370C with five SLE sera,
washed, and reacted with radioactive anti-IgG antibody

directed against heavy and light chains (used in this
study) or with radioactive anti-IgG antibody specific
for IgG heavy chains. As shown in Table V, in both in-
stances sera were equally positive for immune com-

plexes, irrespective of the type of antiserum used. These
results indicated that cold-reactive IgM anti-lymphocyte
antibodies are not absorbed on Raji cells at 37°C and
therefore cannot influence the results obtained with an
antiserum not specific for IgG heavy chains.

Additional experiments with Raji cells having blocked

IgG Fc and C receptors showed that no binding

TABLE VI
Raji Cell Radioimmune Assay for Immune Complexes

in Patients with Vasculitis

No. AHG
No. posi- Posi-

Diagnosis cases tive tive Mean Range

% pg eq/ml

Idiopathic vasculitis 8 3 37.5 70 (25-102)
Rheumatoid vasculitis 7 5 71.4 281 (30-1,000)
Sjogren's syndrome

cryoglobulinemia-
vasculitis 10 6 60 115 (75-410)

TABLE VII
Raji Cell Radioimmune Assay for Immune Complexes

in Patients with DHF

AHG
No. No.

Grade of disease cases positive Mean Range

Ag eq/mi

Grade I* 7 3 60 (24-100)
Grade Il-IIlt 9 6 83 (25-200)
Grade IV§ 8 6 58 (25-175)

* Grade I, fever, nonspecific constitutional symptoms, posi-
tive tournique test.
t Grade II-III, fever, skin hemorrhage, epistaxis, gum bleed-
ing, circulatory failure, hypotension.

§ Grade IV, moribund patients, undetectable blood pressure.

of IgG at 37°C occurs from SLE sera containing
antilymphocyte antibodies. In these experiments 2 X

106 Raji cells were first incubated with 300 ug AHG
and then with 300 #g AHG that had reacted with 50 A
of NHS as a C source. Thereafter the blocked Fc and
C receptor cells were incubated (37°C, 45 min) with

MEM or five different SLE sera with anti-lymphocyte
antibodies and then with 'I-rabbit antihuman IgG. No

increased uptake of radiolabeled antibody was observed
with blocked cells incubated with the SLE sera over that
with the blocked cells incubated with MEM.

Vascular lesions by soluble antigen-antibody com-

plexes have been produced in experimental animals
(38) and deposits of Ig, C, and certain antigens (4)
have been found in the arterial walls of humans with
various diseases. Therefore, sera from patients with

idiopathic vasculitis, rheumatoid vasculitis, and Sjogren's
syndrome associated with cryoglobulinemia and vascu-

litis were examined for immune complexes by the Raji
cell assay, and the results are presented in Table VI.
Of these patients with circulating immune complexes,
mean values were 70-281 jtg AHG eq/ml serum. There
was no correlation between the amount of immune com-

plexes present in rheumatoid vasculitis patients and the

rheumatoid factor (19S) titers. Furthermore, addition
of 19S rheumatoid factor to SLE sera did not interfere
with the assay.

Sera from patients with DHF, a group B arthropod-
borne virus infection (39), were also tested for immune

complexes (Table VII). Circulating immune complexes
were found in all grades of the disease (39) with mean

values of 58-83 .g AHG eq/ml.
Since sera from hypocomplementemic patients may not

have had enough C to render immune complexes de-

tectable by C receptors, hypocomplementemic sera from

SLE patients positive in the Raji cell assay and from

patients with idiopathic vasculitis negative for immune

complexes were supplemented with NHS as a C source.
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No enhanced binding to Raji cells of the positive sera
nor conversion of the negative sera to positive occurred
As would be expected from the preceding section, addi-
tion of C to positive sera resulted in a moderate inhibi-
tion of the binding of immune complexes to cellular C
receptors.

Since it has been suggested that immune complexes,
possibly made up of tumor antigens and antibodies, are
present in the sera of humans and animals with tumors
(40-48), sera of patients with various types of malig-
nancies were assayed with the Raji cell test (Table
VIII). Approximately one third of these patients had
circulating complexes, and sera from persons with
lymphoid tumors generally had more complexes than
persons with solid tumors. When five positive sera were
fractionated in a sucrose gradient and the positions of
C3 and IgG were analyzed, they were found to contain
heavy peaks of C3 and IgG, as opposed to control NHS
and sera from cancer patients who were negative for
immune complexes.

DISCUSSION

Raji cells were used in a radioimmune assay for the de-
tection of immune complexes. In this assay, uptake of
radioactive anti-human IgG by the cells previously incu-
bated with sera of patients with various disorders was
used to identify and quantitate circulating immune com-
plexes. The Raji cell radioimmune assay described here
is based on the ability of these cells to bind human IgG
much more efficiently when it is complexed with an anti-
gen or aggregated and has fixed C than when it is in
its monomeric form. In fact, uptake experiments showed
that approximately eight times more molecules of IgG
bind via C receptors than via IgG Fc receptors. The en-
hanced binding to Raji cells of C-containing AHG or,
as shown in a previous study (22) of immune complexes
made in vitro, has been attributed either to the presence
of more C receptors than IgG Fc receptors or to the
higher binding affinity of C receptors than IgG Fc re-
ceptors for their ligand molecules. Another possibility is
that complexes containing C have more C3 than com-
plexes without C have IgG Fc sites, and therefore bind
better to cells (20, 22).
We demonstrated earlier that immune complexes con-

taining C bind to Raji cells only via C receptors and that
these receptors are distinct from the IgG Fc receptors
(20). Therefore, when a serum containing C-fixing com-
plexes of the IgG variety is added to Raji cells, two
types of IgG binding occur. One is mediated via IgG Fc
receptors and binds the uncomplexed monomeric IgG,
and the other is mediated via C receptors and binds
complexed IgG with fixed C. In the absence of immune

complexes or in the presence of non-C fixing immune

complexes, IgG binds to cells via IgG Fc receptors

TABLE VIII

Raji Cell Radioimmune Assay for Immune Complexes
in Patients with Malignancies

No. No.
Type of malignancy cases positive AHG

sg eq/ml

Solid tumors-total 48 20
Breast 20 8 33
Lung 7 2 26
Stomach 3 2 38
Liver 2 0 0
Colon 6 3 48
Thyroid 4 3 52
Others 6 2 30

Lymphoid tumors-total 49 20
Sarcoma 6 3 33
Hodgkin's 4 2 76
Lymphoma 16 5 65
Burkitt's 20 10 145
Multiple myeloma 3 0 0

Melanoma 7 3 56

only. AHG, substituted for immune complexes in vitro,
possesses many of their properties (30, 31) and binds to
the same Fc and C receptors on cell surfaces (20, 49).
Since much more IgG binds to Raji cells when it has
been altered so it can fix C, the presence of IgG-type
immune complexes in human sera can be quantitated
by measuring uptake of radioactive antihuman IgG. Our
experiments showed that uptake of radioactive antibody
was proportional to the amount of AHG bound to cells,
which in turn was proportional to the quantity of AHG
present in the serum. Since the uptake of radioactive
antibody was proportional to the amount of AHG pres-
ent in the serum, by using the graph of uptake as a
standard, the amount of soluble complexes present in
test sera could readily be equated to an amount of AHG
after correcting for the dilution factor.

In the Raji cell radioimmune assay, to differentiate
between NHS and serum containing IgG complexes, one
must add radioactive antibody in excess of the amount

needed to saturate the monomeric IgG bound to cells
via Fc receptors. In our experiments with unfractionated
AHG and with aggregates of defined sizes, the Raji cell
radioimmune assay efficiently identified even 18-11S
aggregates. However, it should be noted that when AHG
or immune complexes of defined antigen-antibody com-

position made in vitro are used for obtaining the refer-
ence curve, the amount of small complexes present in a
serum may be underestimated. That is, serum with small
amounts of large immune complexes that activate and
fix C well may result in higher binding and antibody
uptake than a greater amount of small complexes that
activate and fix C less well. Several investigators have
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shown that activation and fixation of C by immune
complexes or AHG are directly related to their size
(7, 30, 31), and we and others have demonstrated that
immune complexes made near equivalence bind best to
cellular C receptors (22, 32).

In the course of C activation, C3b binds to immune
complexes. Complex-bound C3b is thereafter cleaved by
the serum enzyme C3b-inactivator into C3c and C3d,
with the d portion remaining on the immune complex
(50). Therefore immune complexes in whole serum may
contain C3b, C3d, or both. The receptors for C3 and
C3b are the same or closely associated while the C3d
receptors are different (20, 33). Receptors for C3-C3b,
and receptors for C3d are both operative in the binding
of immune complexes coated with C (20). Therefore,
the presence of excess free C3 may inhibit C3b-bearing
immune complexes from binding to cells. As shown in
the present study, excess C inhibited binding of AHG-
containing C to cells. However, this inhibitory effect was
never higher than 50% of the optimum uptake. This
result may be explained by the fact that excess C3 can-
not inhibit the binding of the C3d-bearing complexes.
Furthermore, apart from the C3-C3b and C3d receptors,
others, such as the recently described receptors for Clq
on Raji cells (21), may participate in the binding of
C-containing immune complexes.
Our results from measuring AHG in serum prompted

us to apply the Raji cell radioimmune assay to the study
of sera from patients with suspected immune complex
diseases. The possibility that patients with serum hepa-
titis have immune complexes has been under special
consideration. Our results from the Raji cell assay show
immune complexes in the majority (63%) of patients
with acute hepatitis and HB.-Ag as well as in a smaller
percentage (40%) of patients with acute hepatitis with-
out HB.-Ag. Our results agree well with those of
Nydegger et al., who used the PEG method (10). In
acute hepatitis with HB.-Ag a correlation was found
between amount of complexes present, phase of disease,
and serum enzyme levels; however, there were some
exceptions. The presence of immune complexes at the
acute phase of serum hepatitis fits well with the findings
of others showing that anticomplementary activity oc-
curs 4-6 wk after exposure and is reversed with excess
HBa-Ag or antibody. The anticomplementary effect de-
creases at 12-19 wk after exposure (51). Most of the
chronic carriers were negative for immune complexes,
and this finding is in agreement with their lack of ap-
parent symptoms and with the absence of anticomple-
mentary activity in their serum observed by others (52).
Several reports have confirmed an association between

HB.-Ag and polyarteritis (53, 54). In addition, an im-

mune complex mechanism has been suggested as being

responsible for the vasculitis and arthralgia syndrome

sometimes seen as a prodrome in patients with acute
viral hepatitis (55, 56). Finally, HB.-Ag, Ig, and C
deposits have been found in the glomeruli of few pa-
tients with glomerulonephritides (57).

Sucrose density fractionation of selected positive
hepatitis sera showed the presence of a heavy peak of
IgG associated with HB.-Ag and C. Oldstone and as-

sociates showed that addition of antibody and C to poly-
oma virus increased its sedimentation rate (58). In
several viral infections C seems to bind to virus-anti-
body immune complexes in vivo. Evidence that virus in
the serum complexes with host Ig and C comes from
experiments in which specific precipitation of either Ig
or C from the serum removes significant amounts of
infectivity, although precipitation of other serum pro-
teins, such as albumin, removes none (59, 60). These
authors, who found that C1 through C3 bind to virus-
antibody complexes, postulated that some viruses con-

centrate in or infect certain cells bearing C3 receptors
such as B lymphocytes, macrophages, and monocytes
(58). Since Raji cells have large numbers of C recep-
tors, they may concentrate virus-antibody-C complexes
present in a serum. In fact, HB8-Ag could be detected
by immunofluorescence on the surface of Raji cells in-
cubated with immune complex-containing hepatitis sera.

In patients with SLE, a high degree of correlation
was observed between the amount of complexes detected,
disease activity, presence of low C levels, and presence
of anti-DNA antibodies. Patients with SLE form a

spectrum of antibodies that reacts with native or altered
autologous antigens (61). Antibodies directed against
a variety of nuclear components are common in these
sera (17, 34), and serum antibody to native DNA
accompanying low circulating C levels is generally asso-

ciated with active lupus nephritis (17, 18, 35, 62).
Furthermore, deposits of DNA, Ig, and C found in the
kidneys of these patients resemble those found in ex-

perimental immune complex-induced nephritis (18).
However, the nature of the presumed immune com-
plexes detected by the Raji cells in SLE sera remains
to be determined.

Sera from patients with SLE may contain anti-
lymphocyte antibodies (36, 37). The possibility that
much of the excess IgG detected on Raji cells is not
due to the immune complexes but to anti-lymphocyte
antibodies that react with these cells is in part excluded
for the following reasons. First, anti-lymphocyte anti-
bodies are primarily of the cold-reactive type (36, 37),
but sera were absorbed with Raji cells at 37°C. Second,
most antilymphocyte antibodies are of the IgM class
(37). However, positive sera remained so independently
of the type of radioactive antibody used, i.e., antibody
directed against heavy and light chains of human IgG
or antibody directed only against heavy chains of IgG.
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Third, no binding of IgG from SLE sera occurred at
370C on Raji cells with blocked Fc and C receptors.
Therefore, it can be concluded that if antilymphocyte
antibodies are present in SLE sera, these antibodies
appear to react poorly with the Raji cell membranes
under our experimental conditions. In addition, one
must consider the possibility that antilymphocyte anti-
bodies may circulate as complexes with cell surface
antigen(s), and Winfield et al. (63) have shown spe-
cific concentration of antilymphocyte antibodies in the
serum cryoprecipitates of patients with SLE.

The majority of sera from patients with rheumatoid
vasculitis were also positive for immune complexes by
the Raji cell assay. Intermediate complexes of IgG-anti
IgG in sera of patients with rheumatoid vasculitis have
been described (64). Since these complexes in fluid
phase are generally unable to fix C (65), it might be
assumed that this excess IgG binds to cells by Fc re-
ceptors. AHG has many Fc sites and can displace 7S
IgG from the IgG Fc receptors (66). In the majority
of sera from patients with idiopathic vasculitis, no im-
mune complexes were detected by the Raji cell test. It
may be that in these patients, mechanisms other than
immune complexes are responsible for C activation and
damage of the vascular walls, or that immune com-
plexes, after their formation, are rapidly removed from
the circulation and deposited on the arterial walls.,

Sera as well as cerebrospinal fluids from a limited
number of patients with SSPE were also found to con-
tain immune complexes by the Raji cell assay. Measles
virus has been implicated in the pathogenesis of this
disease (67), and SSPE sera reportedly contain block-
ing factors removed by anti-C3 or rheumatoid factor
(68). Furthermore, IgG and C3 deposits have been
noted in the vessels of patients with SSPE (69). How-
ever, whether the antigen involved in the immune com-
plexes from these sera is indeed the measles virus re-
mains to be determined.

Sera from patients having DHF were found to con-
tain immune complexes; however, the presence of
dengue virus antigens in the complexes was not shown.
Both the classical and alternative C pathways are
known to be activated in these patients' sera (70).
Furthermore, Sobel et al. (71), using a radiolabeled
Clq deviation test, have found Clq-reactive material in
these sera as well as a direct correlation between the
amount of Clq-reactive material detected and grade of

the disease. In our study, patients in the II-III grade
of the disease had the highest values for immune com-

plexes. Possibly patients with IV grade of the disease

(shock syndrome) contained fewer complexes than

patients with II-III grade (hemorrhage, hypotension)

because the complexes had deposited on the arterial

walls, because large amounts of fluids were administered

intravenously, or because of C exhaustion. Future stud-
ies of immune complexes in serial bleedings of patients
with various grades of DHF may establish a relation-
ship between their immune complexes, C activation, and
shock.

Our finding of complexes in the sera of more than
one third of unselected cancer patients fits with the
suspicion' that in many cancer patients, tumor antigen-
antibody complexes may circulate and deposit in tissues.
Studies conducted by Hellstr6m and associates (72) as
well as by others (73) have shown that circulating
antibody is demonstrable only when the size of the
tumor is very small, i.e., in early stages of tumor
growth, after surgical removal, or after a clinical re-

mission. When tumor antigen production is thought to
be sufficient to create a condition of antigen excess

(large mass of tumor), circulating antibody can no

longer be demonstrated (73). At this stage, however,
a serum factor, which contains or is associated with
IgG, blocks the cytotoxic effect of lymphocytes against
tumor cells in vitro. This factor has been termed "block-
ing factor", and it is believed to represent tumor anti-
gen-antibody complexes (40). Other observations fur-
ther support the concept that tumor-bearing animals
and humans may have tumor antigen-antibody com-
plexes fixed in tissues or circulating in blood. Circulat-
ing. complexes and deposits of virus-antiviral antibody
and C in the renal glomeruli are present in animal
models of virus-associated leukemia, lymphoma, and
sarcoma (47, 48), as well as in mice bearing melanoma
(41) and neuroblastoma tumors (43). Moreover, such
deposits have occasionally been described in the glo-
meruli of humans with leukemia, lymphoma, Hodgkin's
disease, colon carcinoma (46, 74, 75), and African
Burkitt's lymphoma (45). Studies are in progress to as-

certain the temporal relationship of immune complexes
detected by the Raji cell test and activity of the disease
in patients with cancer.

The sensitivity of the Raji cell radioimmune assay
is significantly greater than that of other tests utilizing
Clq for the detection of soluble immune complexes.
Whereas Clq precipitation in gel (7) and radiolabeled
Clq-PEG precipitation (10) detect AHG at a mini-
mum concentration of approximately 100 og/ml, the
Raji cell assay allows the detection of 6 /Ag/ml. How-

ever, a Clq deviation test was developed recently, and

reportedly was about as sensitive as the Raji cell assay

(71). Nevertheless, the Raji cell test may be more-

specific for immune complexes than the tests utilizing
Clq, since Clq is known to react not only with immune

complexes and AHG but also with non-Ig substances,
such as endotoxin and DNA (7, 71). Physical tech-

niques, such as analytical and sucrose gradient centri-

fugation, are not sufficiently sensitive for studying most
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patients with immune complex disease. Monoclonal
rheumatoid factor is a relatively sensitive precipitant
of immune complexes; however, it is not as successful
in detecting immune complexes in patients with SLE
as in those with rheumatoid arthritis (8). Microcom-
plement consumption assays (13), although sensitive,
may give positive results with a variety of materials
that can consume C or inhibit C-induced red blood cell
lysis, the end point of the assay. Platelet aggregation
techniques (15) are plagued by unreproducible platelet
preparations, and materials other than immune com-
plexes may cause platelet aggregation. Finally, although
reported as a sensitive method of detecting immune
complexes in patients with SLE (12), the macrophage
inhibition assay requires isolation of macrophages from
guinea pigs, the presence of rheumatoid factor inter-
feres with the assay (76), and finally, its general clini-
cal applicability has not yet been shown.

Apart from the ability of Raji cells to detect immune

complexes in vitro, it should be pointed out that these

cells, which can concentrate antigen-antibody complexes

on their surfaces, may provide the tool by which anti-

gens involved in immune complex diseases will be

identified and antisera against them will be raised. Anti-

bodies isolated from the cell-bound complexes as well as

antisera raised against the antigen may be of great

value in screening humans with suspected immune com-

plex disease.
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