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ABSTRACT

RAJI CELL ROSETTE INHIBITION: A SCREENING ASSAY
FOR DETECTION OF IMMUNE COMPLEXES IN SERUM

Susan Kathryn Codere

The diagnosis and management of immune complex (IC) diseases has
been advanced by the measurement of circulating immune complexes (CIC)
in serum. At present, most clinical laboratories do not offer tests
for CIC, mainly due to the complexity of available methods and the
inability of one test to detect all types of IC.

The Raji cell rosette inhibition (ROS-1) assay was developed and
evaluated for detection of CIC in serum. IC pkepared in vitro were
shown to inhibit Raji rosette formation with antibody coated (EA) and
antibody and complement coated (EAC) target cells. A survey of 223
serum specimens obtained from patients with collagen vascular disorders,
and healthy blood donors revealed some sera also inhibited Raji rosette
formation. Sixty-three percent of sera from patients with systemic
lupus erythematosus and mixed connective tissue disease, 60% with rheu-
matoid arthritis, and 41% with other rheumatoid disorders were positive.
A comparative study of the Raji ROS-I with two other CIC assays, elec-
trophoresis and the Raji radioimmunoassay, showed 60% and 69% correla-
tion, respectively. Raji ROS-I is a simple and sensitive assay for the
detection of CIC. It is anticipated, however, that this assay will be
used as one of a panel of tests for CIC, since a single CIC assay cannot

detect all varieties of IC.
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INTRODUCTION

Immune complexes (IC) are produced when antibodies (Ab) combine
with their corresponding antigen (Ag). Immune complexes play an essen-
tial role in the normal immune response by providing a mechanism for
clearance and destruction of many antigens such as foreign serum pro-
teins, drugs, microbial antigens from viruses, bacteria, and parasites,
and autologous antigens.

The fate of immune complexes is dependent, in part, on the site
of formation, the nature and concentration of the antigens and antibody
involved, and the size of the complexes. Most IC in the circulation
are readily cleared by the reticuloendothelial system (RES), particular-
ly by liver Kupffer cells. "Large complexes, usually formed in antibody
excess, and IC that fix complement, are rapidly cleared from the circu-
lation. These complexes are rarely associated with disease in contrast
to smaller, soluble immune complexes usually formed in antigen excess or
non-complement-fixing complexes which tend to persist in the circulation.
These smaller complexes are cleared to some extent by the spleen, but
often become fixed to the renal glomeruli during the filtration of blood,
or in blood vessel walls or choroid plexus. Complexes formed in the
extravascular spaces are not cleared as rapidly as those formed in the
circulation and, thus, are more 1ikely to be deposited in the tissues.

Under certain conditions, immune complexes may trigger a sequence

of pathologic events in tissues and organs throughout the body.



Pathogenic immune complex-mediated tissue injury via plasma mediators,
either by activation of the complement system or by attachment to mono-
nuclear cells with immunoglobulin (Fc) receptors or complement receptors
(C3b or C3d) has been clearly demonstrated in animal models for serum
sickness (Dixon, 1963) (24). Similar glomerular, vascular, and articu-
lar lesions in human diseases are also thought to be mediated by IC.
However, the pathological expression of the formation of immune complexes
seems to be relatively rare in comparison with the frequent occurrence
of such IC in the circulation or in extravascular spaces. Consequently,
the finding of complexes in any disease does not necessarily imply that
they have a pathogenic role.

Chronic immune complex-associated diseases may be classified
according to the antigens involved. For example, IC associated with
rheumatoid arthritis (RA; Immunoglobulin Ags.), systemic lupus erythe-
matosus (SLE; nuclear Ags.), malignant diseases and other autoimmune
disorders (cellular Ags.) involve endogenous antigens. In contrast,
immune complex-associated diseases involving exogenous antigens include
serum sickness (accidentally induced), diseases resulting from the
inhalation or digestion of environmental antigens, and infectious dis-
eases and their sequelae such as serum hepatitis (viral), post-strepto-
coccal glomerulonephritis (bacterial), malaria (protozoal), and Schisto-
somiasis (helminthic). Irrespective of the antigen derivation of IC,
there is a similarity in the pathologic tissue damage mediated by
immune complex deposits.

Several approaches have been used to demonstrate the occurrence

of immune complexes in human diseases; however, the two most-used



procedures include, 1) the detection of IC bound to tissues by histo-
logic and electron microscopic techniques, and 2) serological analysis
of samples from various biological fluids.

Immunofluorescence and immunoperoxidase techniques are routinely
used to detect immunoglobulins and/or complement deposits in tissue
sections in the absence of other plasma proteins (albumin and fibrino-
gen). The presence of such deposits is circumstantial evidence of
immune complex involvement. Conclusive proof that immunoglobulin-con-
taining deposits are IC requires the identification of the antigenic
component in the immune complex. Elution studies have been used in some
instances to jdentify specific antibodies (Woodroofe and Wilson, 1977)
(104). Additionally, antigen identification has been accomplished by
immunofluorescence studies. However, these are not standard procedures
and consequently, are not routinely performed.

Due to the profound role of IC in certain diseases and the imprac-
tical nature of repeating tissue biopsies for diagnosis and monitoring
patients with IC, many investigators have designed procedures to detect
circulating IC (CIC). Several recent studies have compared the specific-
ity, sensitivity, and reliability of techniques for the direct demon-
stration of IC in serum.

Assays for CIC may be grouped into two major categories: antigen-
specific methods which permit the selective detection of IC for a single

antigen; and antigen non-specific methods which are used to detect CIC

independent of the nature of the antigen involved. Antigen non-specific
methods can be further subdivided into procedures which identify IC

either on the physical properties of the IC (size and solubility changes)



or their biological properties (interaction with complement, anti-
globulins, or with cells). All1 of the antigen non-specific methods,
however, will detect non-specifically aggregated immunoglobulins, as
well as IC. The specificity of each antigen non-specific method for IC
varies according to the nature of the immune complex and to the influ-
ence of interfering factors. Additionally, the difficulty in standard-
jzing some of the required reagents (aggregated IgG, Clg, Raji cell
cultures) and the complexity of some of the proposed methods (radiolabel-
ing C1q or rheumatoid factor (RF), isolating and characterizing mono-
clonal RF) render some of the methods inapplicable for use in routine
clinical laboratories (Lambert and Casali, 1978) (51).

In an effort to gather information on the role of IC in disease
and to evaluate methods being used for their detection, the World Health
Organization (WHO) organized a "Scientific Group on the Role of Immune
Complexes in Disease" which met in September, 1976. Their report
reviews current knowledge concerning IC and pathogenesis and makes
recommendations for laboratory diagnostic tests, clinical studies and
basic research in this area (WHO TRS, 1977). Later, following these
recommendations, the WHO established a collaborative study to evaluate
and compare the specificity and sensitivity of 18 different methods for
detecting IC in serum. Results of this study indicated that the most
sensitive methods for the identification of sera containing IC were the
solid-phase conglutinin-binding test (KgB-SP) and the Raji cell assay
(Raji-RIA), followed by the solid-phase mRF inhibition assay (mRF-I),
the solid-phase (Clg-binding test (C1Q-SP), the Clg-binding assay
(C1Q-BA), the Clq deviation test (C1Q-DV) and the platelet aggregation



test (PAT). Of these methods, five depend on a reactivity with comple-
ment and two depend on the recognition of immunoglobulin (Ig) aggregates
by Fc receptors on platelets or by rheumatoid factor. Six of the seven
recommended methods require radiolabeling of Igs, RF, or Clg by the
investigator. The comparative data compiled in this study suggest that
there are different types of IC depending on the disease and each method
displays a particular pattern of reactivity (52).

The purpose of this research study was to review the available
literature concerning the detection of immune complexes in sera and to
develop an assay to detect CIC which would be simple, yet sensitive, to

be offered as a routine screening assay in a clinical laboratory.



LITERATURE REVIEW

The role of immune complexes (IC) in the pathogenesis of tissue
lesions was suggested as early as 1911 by Von Pirquet (97). Since that
time, experimental models have been developed which clearly demonstrate
the pathogenic role of immune complexes in serum sickness and their
involvement in similar glomerular and vascular lesions in human diseases
(Dixon, 1963) (24).

In the past several years, research in the area of immune complex-
associated diseases has become very popular. Many investigators have
reported new methods for the detection of immune complexes in tissues
and in biological fluids and have implicated immune complexes in the
pathogenesis of many diseases. In 1976, a World Health Organization
Scientific Group met to discuss the role of immune complexes in disease.
Their report reviews much of the current knowledge concerning immune
complexes and lists methods currently used to detect IC. In addition,
this report makes recommendations for future research for investigators
interested in immune complexes (WHO, 1977) (105).

Immune complexes appear transiently in many infectious diseases
and allergies where they play an important role in the normal immune
response to such foreign antigens. They are commonly formed when anti-
bodies are produced against antigens still persisting in the circulation
or extravascular spaces or released from host cells or invading organ-

isms. These transient IC may be responsible for some complications,



such as glomerulonephritis, in acute diseases. However, the pathogenic
role of IC is probably more important in chronic diseases where the
antigens involved are continually produced and released.

Immune complex-associated diseases may be classified according to
the antigens involved. Table 1 lists some diseases associated with
immune complexes. In Tables 2 and 3 the same diseases are listed along
with the antigens and antibodies involved, the associated pathology,
and the methods used to detect IC in the respective diseases.

Several approaches have been used to demonstrate immune complexes
in human diseases. In general, these methods can be divided into two
groups, 1) methods for the detection of IC bound to tissues, and
2) methods for the detection of IC in biological fluids (Table 4).

In Tables 5, 6, and 7 the groups are further subdivided into
specific assays. Eighteen of the antigen-nonspecific methods for
detecting CIC were recently evaluated by the World Health Organization
(Lambert et al., 1978) (52). Results of this study indicate that the
most sensitive methods for the discrimination of sera containing immuno-
globulin aggregates from normal sera were the KgB-SP, Raji-RIA, mRF-1,
C1Q-SP, C1Q-BA, C1Q-DV, and the PAT. Three of these seven assays, the
Raji cell radioimmunoassay, the solid-phase Clgq-binding test, and the
Clg-binding assay, are widely used and potentially applicable for
specialized clinical investigation.

The Raji cell radioimmune assay (Theofilopoulos and Dixon, 1976)
(92) employs cells from the Raji lymphoblastoid cell line which exhibit
receptors for IgG Fc of low avidity and large numbers of receptors for

C3b, C3d, and Clg. For the assay, Raji cells are incubated with serum



TABLE 1. SOME DISEASES ASSOCIATED WITH CIRCULATING IMMUNE COMPLEXES

INVOLVING ENDOGENOUS ANTIGENS

Immunoglobulin Antigens
Rheumatoid Arthritis
Mixed Cryoglobulin Diseases
Hypergammaglobulinaemic Purpura

Nuclear Antigens
Systemic Lupus Erythematosus

Specific Cellular Antigens
Tumors
Autoimmune Disorders

INVOLVING EXOGENOUS ANTIGENS

Iatrogenic Antigens
Serum Sickness
Drug Allergy

Environmental Antigens
Inhaled--Extrinsic Allergic Alveolitis
Ingested--Dermatitis Herpetiformis

Antigens from Infectious Organisms
Viral--Hepatitis
--Dengue Hemorrhagic Fever

Bacterial--Post-Streptococcal Glomerulonephritis
--Leprosy

Protozoan--Malaria
--Trypanosomiasis

Helminthic--Schistosomiasis
--Onchocerciasis

INVOLVING UNKNOWN ANTIGENS
Chronic Immune Complex Glomerulonephritis
Vasculitis
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TABLE 4. METHODS FOR DETECTION OF IMMUNE COMPLEXES

I. BOUND TO TISSUES

A. Demonstration of Immunoglobulin Deposits (w or w/o C')

1. Immunofluorescence - fresh tissue
2. Immunoperoxidase - fixed tissue (or fresh)
3. Electron microscopy

B. Demonstration of Specific Antibody
1. Elution of Ab. from tissues, Reaction w/ specific Ag.

C. Demonstration of Specific Antigen

1. Immunofluorescence
2. Electron microscopy

II. IN BIOLOGICAL FLUIDS

A. Antigen-Specific Methods

1. Electron Microscopy

2. Counter-Immunoelectrophoresis
3. Immunoglobulin precipitation
4, Antigen precipitation

B. Antigen-Nonspecific Methods

1. Based on physical properties

a. Based on size changes

b. Based on solubility changes
2. Based on biological properties

a. Interaction with complement

b. Interaction with antiglobulins

c. Interaction with cellular receptors
3. Indirect serological evidence
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TABLE 5. METHODS FOR DETECTING IC BOUND TO TISSUES

Method Abbreviation References

A. Demonstration of Ig Deposits

1. Immunofluorescence Im. F1. 86,87,99
2. Immunoperoxidase Im. Px. 15,77
3. Electron microscopy E-M 4

B. Demonstration of Specific Antibody
1. Elution of Ab. from tissues ELUT 48
C. Demonstration of Specific Antigen

1. Immunofluorescence Im. F1. 99
2. Electron Microscopy E-M 4
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TABLE 6. ANTIGEN-SPECIFIC METHODS FOR DETECTING IC IN BIOLOGICAL

FLUIDS

Method Abbreviation References
A. Electron Microscopy E-M 4

B. Counter Immunoelectrophoresis CIE 45

C. Immunoglobulin Precipitation Ig. PPT 69

D. Antigen Precipitation Ag. PPT 35,43
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samples to allow IgG-containing complexes which have bound complement
to bind to C3b receptors. Cell-bound IgG is then measured using radio-
labeled anti-human IgG. Results are evaluated using a standard curve
prepared using normal human serum (NHS) and aggregated human gamma-
globulin (AHG) in varying amounts. The Raji cell assay is sensitive
and quantitative, but detects only IgG-containing IC and involves
radiolabeled anti-human IgG which is not commercially available at
present. Other IC which fix complement, but do not contain IgG, would
also bind to Raji cells; however, these IC would not be detected since
they would not bind the labeled anti-human IgG.

In the solid-phase Clq binding test (Hay, Nineham and Roitt, 1976)
(36,37), EDTA-treated serum samples are incubated in plastic tubes
coated with C1q. IC bind to the solid phase Clq by virtue of the affin-
ity of immunoglobulin Fc regions for Clq. The amount of IC bound to Clg
is determined using a radiolabeled anti-human IgG. This method, 1like
all methods involving Clg, has the disadvantage that only complement-
fixing classes will bind to the Clq. Additionally, only bound IC con-
taining IgG will react with the labeled anti-human IgG. In addition
to requiring the iodination of anti-human IgG, this assay also requires
the purification of Clq.

The Clq binding assay (Nydegger, 1974; Zubler et al., 1976; and
Zubler and Lambert, 1976) (71,108,109) measures the binding of radio-

labeled C1q to IC. EDTA-treated serum is incubated with 12

I-Clq and
polyethylene glycol (PEG). Complement-fixing IC bind to Clg and are
precipitated by the PEG while free Clq remains soluble. The Clg binding

activity is the percentage of protein-bound radioactivity which is
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precipitated after centrifugation. This assay also detects only IC
which fix complement, but differs from the Raji cell assay and the solid-
phase Clq binding test in that it does not employ anti-human IgG.
Therefore, this assay detects any IC which react with the Clq. However,
complexes already saturated with Clq in vivo may not be detectable by
any Clq assays unless EDTA or heat treatment removed previously bound
Clq.

In addition to the Clg purification necessary for the C1Q-SP test,

]251 or other iso-

the C1Q-BA also requires labeling of the Clg with
topes, making this test less adaptable to the routine clinical labora-
tory setting.

An additional technique evaluated in the WHO study which has
particular relevance to the present study was the inhibition of
complement-dependent lymphocyte rosette formation. Ezer and Hayward
isolated B lymphocytes from human adenoid tissue and evaluated
complement-dependent rosette formation by these cells following their
incubation in sera from healthy controls or patient populations (26).

More recently, Kammer and Schur (46) used human peripheral blood
lymphocytes and HEAC (erythrocytes coated with antibody and complement)
and EA rosette inhibition to test for CIC. In both procedures, HEAC
rosette inhibition occurred when C3b-bound complexes attached to
lymphocytes bearing C3b receptors (HEAC rosette inhibition).

The Schur modification includes inhibition of rosette formation
with HEAC by C'-bound IC, as well as inhibition of rosette formation

with EA cells by complexes which do not bind C'. This modified method

detects IC of the IgG and IgM classes with or without bound C'; however,
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with CIC involving IgA or IgE, only complexes with C' fixed by the
alternative pathway would be detected.

The assay developed for this study combines concepts employed by
the Raji cell assay, as well as those of the rosette inhibition assay,
since Raji cells are used as the rosetting cells and IC binding both Fc

and C3b receptors are detected.



MATERIALS AND METHODS

Serum

A total of 223 sera included in this study were obtained from
healthy laboratory personnel; individuals donating a unit of blood for
transfusion; patients with rheumatoid disorders including systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA); patients on whom
kidney, muscle, or skin biopsies were performed; and other patients on
whom specimens were submitted to the Immunology Laboratory, E. W. Sparrow
Hospital, for routine analysis.

Venous whole blood was collected in vacutainer tubes and allowed
to clot at room temperature (22° C). After 30 minutes the clotted blood
was placed on ice for an additional 30 minutes. Serum was separated
from the clot by centrifugation at 3500 x g at 0° C in an RC-3 refriger-
ated centrifuge (Dupont-Sorvall, Wilmington, DE). Serum was stored at

-70° C in 200 u1 and 1 ml aliquots until tested.

Raji Cells
Raji cells, a lymphoblastoid cell line derived from Burkitt's

lymphoma, were purchased from the American Type Culture Collection
(Rockville, MD). Raji cell cultures were initiated from an aliquot of
cells frozen in DMSO-supplemented tissue culture medium. Frozen cells
were thawed at 37° C, washed twice by centrifugation with RPMI 1629
(GIBCO, Grand Island, NY) at 37°C in 5% C0,. A continuous supply of

cells was maintained by passing an aliquot of cells every third day.

20
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For the assay, Raji cells were harvested 72 to 96 hours after passage,
washed two times in RPMI, and counted in a hemocytometer. Cell viability

was determined by trypan blue exclusion. An average viability was 94%.

Preparation of Aggregated Human Gammaglobulin

Cohn fraction II (Sigma Chemical Co., St. Louis, MO) was used to
obtain aggregated IgG following a technique reported by Theofilopoulos
and Dixon (90). One gram of Cohn fraction II was dissolved in 10 ml
PBS, pH 7.2, and centrifuged at 146,000 x g for 90 min. in a Sorvall
Ultracentrifuge. The upper third of the supernatant fluid was separated
and used as the source of aggregated IgG. The protein concentration,
determined by the Biuret method, was 8.2 g/d1. The immunoglobulin solu-
tion was heated in a 63° C water bath for 30 min. and stored in 25 ul

aliquots at 4° C.

Preparation of Hypertet-Tetanus Toxoid Immune
Complexes

One m1 (400 Units) of Tetanus Immune Globulin (Cutter Laboratories,

Berkeley, CA) was mixed with 1 ml (200 Units) of tetanus toxoid
(Michigan Department of Public Health, Lansing, MI) at 4° C. After a
one-week incubation period, the tetanus-anti-tetanus complexes were
centrifuged at 1800 x g for 20 min, in a Sorvall RC-3 refrigerated
centrifuge. The supernatant was removed and stored at 4° C. Immune
complexes with mouse complement were prepared by incubating 0.25 ml
aggregated IgG or 0.25 ml Hypertet-toxoid complexes with equal amounts
of mouse serum for one hour at 37° C. Mouse serum was obtained from
adult ICR female mice. The serum was prepared in a manner which would

maintain its complement activity.
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Indicator Cells for the Raji Cell Rosette
Assays

Human O erythrocytes were washed 4X with RPMI and resuspended to

2.5%, in RPMI. One hundred ul of rabbit serum with anti-human erythro-
cyte antibody were incubated with 2 ml1 (1:20 v/v) of the erythrocyte
suspension for 40 min. at 37° C. Following incubation, the erythrocytes
were pelleted by centrifugation, the supernatant removed, and 200 ul of
mouse serum added. The cell pellet was resuspended in the mouse serum
and the mixture incubated for 30 min. at 37° C. The complement-
sensitized erythrocyte-antibody complexes (HEAC) were washed 7X with
cold RPMI and resuspended to 5%. Antibody-coated erythrocytes (EA) also
were used in this study. Sheep erythrocytes sensitized with hyperimmune
(IgG) rabbit anti-SRBC were purchased from Cordis Laboratories (Miami,
FL) for the assay. EA cells were washed 5X with RPMI and resuspended to
5% (v/v) concentration. Target cells were used within one week (HEAC)
or two weeks (EA) from date of preparation (11,28).

Raji Cell Rosette Inhibition (R0OS-I) Assay for
Detecting Immune Complexes in Human Sera

Fifty ul of washed Raji cells at a concentration of 15 x 10% cells
per ml were incubated with 100 ul of human sera from healthy volunteers
or hospitalized patients for one hour at 4° C. The Raji cell viability
exceeded 90%. After the incubation of Raji cells and serum, the cells
were washed twice with RPMI at 130 x g in an IEC Clinical Centrifuge
(Damon, Needham Hgts., MA) and resuspended to 2 x 10° cells per ml.

HEAC and/or EA target cells (0.1 ml of 0.5% v/v in RPMI 1629 medium)

and 0.1 m1 Raji cell suspension (2 x 10° cells/m1 in RPMI) were mixed in



23

10 x 75 mm glass tubes. The Raji cell-target cell suspensions were
centrifuged for 8 min. at 120 x g in a Sorvall GLC-2 centrifuge.
Following centrifugation, the tubes were placed in the refrigerator at
4-6° C. Raji cells and HEAC target cell mixtures were incubated for 30
min. while Raji cells with EA target cell mixtures were incubated for
12 hr. At the time of assay, the Raji cell-target cell pellets were
resuspended in 0.05% (wt/vol) trypan blue. The viability of Raji cells
was determined microscopically by trypan blue exclusion (> 85% excluded
the dye). Calculation of Raji cell rosette formation and rosette
inhibition was based on 200 viable Raji cells. Generally, 75 to 150
Raji cells formed rosettes with HEAC cells and 90 to 130 formed rosettes
with EA cells.

Cytochalasin B

A 100 ug/ml stock solution of Cytochalasin B (Sigma Chemical Co.,
St. Louis, MO) was prepared in RPMI. One ml aliquots of stock solution
were frozen at -70° C. The stock was diluted 1:20 with RPMI to yield a

5 ug/ml working solution.

Colchicine
A 50 pg/ml working solution of colchicine (Sigma Chemical Co.,
St. Louis, M0) was made by adding 1 mg colchicine to 20 m1 RPMI 1929

medium.



RESULTS

Raji Cell Culture Requirements

The recommended fetal calf serum (FCS) concentration for Raji
cells was 10% (v/v). Experiments were undertaken to determine whether
a 1% or 2% FCS concentration would be adequate for immune complex evalu-
ation. The number and viability of Raji cells cultured in 1%, 2%, or
10% FCS were evaluated on days 3 and 4 of culture. Additionally, Raji
cell rosette formation with EA target cells, with and without pretreat-
ment with normal serum or aggregated I1gG, was performed on the third
day of culture.

The Raji cells cultured in 10% FCS for 3 days had three to four
times the number of cells as cultures supplemented with 1% or 2% FCS.
For Raji cells cultured four days, an even greater difference was noted
(Table 8). Satisfactory cell viability (> 90% V) was maintained in
three-day cultures with either 2% or 10% FCS concentrations; however,
for cells cultured for four days, only cells incubated in 10% FCS
yielded viabilities greater than 90%.

Portions of Raji cell cultures supplemented with 2% or 10% FCS
were adjusted to 15 x 10° cells/m1 for use in the Raji cell ROS-I assay.
Raji cells (50 wl) were incubated with RPMI, aggregated I1gG, or 100 ul
of normal serum at 4° C for 60 minutes. EA rosette formation was
greatest in Raji cells cultured in 10% FCS (Table 9). Figure 1 shows

representative Raji cells with EA rosettes.

24
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TABLE 8. INFLUENCE OF FETAL CALF SERUM CONCENTRATION ON RAJI CELL
NUMBER AND VIABILITY

Cell counts x 107% /ml

FCS Concentration Day 3 Day 4
1% 3.2 (87)2 5.0 (84)2
2% 6.5 (94) 5.0 (85)
10% 16.7 (95) 41.0 (96)

ANumber in parentheses indicates the percentage of viable cells in 200
cells counted using trypan blue dye exclusion.
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TABLE 9. INFLUENCE OF FETAL CALF SERUM CONCENTRATION ON RAJI CELL EA
ROSETTE FORMATION

Raji Cell Percent (%) EA Rosette Forming Cells

Pretreatment 1% FCS 2% FCS 10% FCS
None 18 (83)° 23 (90) 34 (90)
RPMI --- 30 (83) 41 (93)
Agg 1gG --- 1 (83) 2 (83)
NS-01 --- 16 (81) 42 (91)
NS-07 --- 21 (86) 40 (68)

ace viability evaluated by trypan blue dye exclusion.
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Figure 1. Raji cells with EA rosettes.
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The influence of time and temperature on Raji cell viability was
evaluated by a vital dye staining procedure. For the assay, 7.5 x 10°
Raji cells in 50 ul RPMI 1629 were incubated at room temperéture (22° C)
or in the refrigerator (4° C) with either RPMI (100 ul) or NHS (100 ul
or 200 ul). Four incubation periods, ranging from 10 minutes to 120
minutes, were evaluated (Table 10). Preliminary experiments revealed
that serum interfered with the trypan blue diffusion into non-viable
Raji cells, and thus, Raji cells were washed once in RPMI to remove
serum prior to viability determinations. The viability of Raji cells
was not influenced by the incubation temperature; however, cells incu-
bated in NHS were consistently less viable, albeit only slightly, com-
pared with cells incubated in RPMI.

Influence of Colchicine and Cytochalasin B
on Raji Cells

Microtubules and microfilaments within the cell play an important
role in the movement of surface receptors and surface immunoglobulins
in lymphocytes (i.e., capping and patching). A similar phenomenon may
occur in Raji cells. Cytochalasin B and colchicine are known inhibitors
of microfilament and microtubule function, respectively (96). Treatment
of Raji cells with cytochalasin B or colchicine may therefore result in
higher percentages of rosette forming Raji cells.

Studies were undertaken to determine the influence of cytochalasin
B and colchicine on Raji cell number, viability, and rosette formation.
Three-day cultures of Raji cells were washed once with RPMI 1629, resus-
pended in RPMI, divided into three equal volumes and incubated with

20 m1 of RPMI, or 50 ug/ml colchicine in RPMI, or 5 ug/ml cytochalasin B
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TABLE 10. INFLUENCE OF TIME, TEMPERATURE AND SERUM CONCENTRATION ON
RAJI CELL VIABILITY

Time of
Incubation Incubation Percent (%) Viability
(min.) Temperature RPMI NHS (100 ul) NHS (200 ul)
10 22°C 92 -- 100
4°C 95 98 100
30° 22°C 96 92
4°C 96 91
602 22°C 96 88
4°C 96 88
1202 22°C 92 89 86
4°C 90 89 88

aWashed 1X after incubation.
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in RPMI for 10 minutes at 20° C. Following incubation, the cells were
washed once with RPMI and resuspended in equal volumes of RPMI. Cell
counts, viability, and rosette formation with EA and HEAC target cells
were then determined (Table 11). The cell counts and viabilities were
similar for RPMI and colchicine-treated Raji cells, while the cyto-
chalasin B had a slight cytotoxic effect on the cells. The percentage
of HEAC and EA target cells were comparable for all three groups and
thus neither cytochalasin B nor colchicine increased rosette forming
cells (RFC).

Collection and Storage of Serum for Raji
Rosette Inhibition Assay

Since current methods of immune complex detection cannot differ-
entiate between non-specifically aggregated immunoglobulins and true IC,
it was important to determine the influence of repeated freezing and
thawing of normal serum on rosette formation and Raji cell viability.

Venous blood from a normal serum donor was incubated at room
temperature for 30 minutes and then centrifuged at 3500 x g for 15 min-
utes at 4° C in an RC-3 refrigerated centrifuge. The serum was divided
into six aliquots. The serum aliquots were frozen and thawed from one
to six times, in a dry ice-ethanol mixture. Serum samples were tested
for ROS-I. The number of RFC when incubated with RPMI, aggregated IgG,
Hypertet-toxoid complexes, and NHS frozen and thawed one through six
times are shown in Table 12.

Three cycles of rapid freezing and thawing of serum appeared to
have 1ittle effect on rosette formation. Thereafter, however, ROS-I

increased although Raji cell viability was not affected by freezing and
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TABLE 11. INFLUENCE OF COLCHICINE AND CYTOCHALASIN B ON RAJI CELL
VIABILITY AND ROSETTE FORMATION

Percent (%)
Rosette-Forming Cells

Raji Cell Treatment HEAC EA
RPMI 152 (5)° 17
Colchicine (50 pg/ml) 156 (93) 104
Cytochalasin B (5 ug/ml) 163 (93) 97

3percent viable cells determined by trypan blue dye exclusion.
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TABLE 12. INFLUENCE OF FROZEN AND THAWED NORMAL HUMAN SERUM ON
RAJI EA ROSETTE FORMING CELLS

EA RFC/200 Percent

Freeze-Thaw Cycle Raji Cells Inhibition
RPMI Control 78 --

1 79 --

2 76 (4)°

3 76 (4)

4 67 (15)

5 63 (20)

6 55 (30)

@Numbers in parentheses represent percent inhibition of rosette forma-

tion compared to sera frozen and thawed once.
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thawing. To assure optimal results from patient sera, specimens were

aliquoted and thawed only once immediately before testing.

Determination of Normal Range for Raji Cell
Rosette Inhibition

The normal range for Raji Cell ROS-I was determined by computing
the average of the RFC obtained for Raji cells incubated with the
negative control sera (NHS) used. Three or four negative control sera
were run concurrently with positive controls and patient sera. The
number of RFC per 200 viable Raji cells counted was recorded and the
average of the three or four values for the negative controls was
designated zero percent inhibition. A1l patient values were compared
to the amount of rosette inhibition exhibited by normal sera.

Four examples of baseline determination for HEAC and EA rosettes
are given in Figure 2. Representative assays performed between March
30, 1979 and May 24, 1979 are presented. The mean values are also
presented and vary for HEAC rosettes from 94 to 150 RFC, and 102 to 133
RFC for EA rosettes.

The daily variation in baseline values for 20 HEAC assays and 28
EA assays is depicted in Figure 3. The baseline HEAC rosette values
ranged from 76 to 154 RFC, and baseline EA rosette values ranged from
62 to 156 RFC.

Utilization of Normal Sera to Calculate Percent
Inhibition and Establish a Normal Range in the

Assay

Sera from twelve healthy individuals were selected as negative

control specimens. The serum was aliquoted and stored at -70° C.
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Figure 2. Baseline determination for Raji rosette inhibition:
Four examples using 3 to 4 NHS per assay.
Mean value indicated by broken line.
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Baseline, zero percent inhibition, was calculated for each assay by
determining the mean number of RFC for three or four negative control
sera. The percent inhibition for aggregated IgG and Hypertet-toxoid
comp]éxes (positive controls), negative control specimens, and patient
sera was calculated as a percentage of the baseline value. A represen-
tative example of the calculation appears in Table 13. The baseline
value, the mean of four negative control sera, for EA rosettes was

102 RFC/200 viable Raji cells. Raji cells incubated with aggregated
IgG and Hypertet-toxoid complexes exhibited 45 and 40 EA-RFC,
respectively. Serum from patient EX-01 incubated with Raji cells
resulted in 72 EA-RFC or 30% inhibition (1 - 72/102 = 0.3).

Ninety-three assays performed using serum from 12 negative con-
trols exhibited values ranging from zero percent to 29 percent inhibi-
tion. Seventy-eight specimens (84%) exhibited values between zero and
nine percent rosette inhibition. Fifteen specimens (16%) resulted in
10 to 29 percent rosette inhibition; however, only four of 93 specimens
exceeded 15 percent as shown in Table 14.

Serum samples were classified as negative, borderline positive or
positive for immune complexes according to the following definitions:
Negative: less than 10% inhibition of rosette formation; Borderline
Positive: 10 to 15% inhibition; Positive: greater than 15% inhibition.

Raji Rosette Inhibition Using Serum from
Healthy Blood Donors

Normal serum was collected from individuals donating units of
blood. An aliquot of the serum drawn for routine blood work was stored

at -70° C and evaluated with positive and negative control specimens and



TABLE 13. CALCULATION OF EA ROSETTE INHIBITION
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Treatment of Percent
Raji Cells EA-RFC Inhibition
NS-01 94 8
NS-03 118 0
NS-02 96 6
NS-04 101 0
Baseline value: X = 102

Agg.IgdG 45 56
Hyp/tox 40 61
Ex-01 72 30
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patient sera. In all, 31 blood donors were tested by the Raji cell
ROS-I assay. Results appear in Table 15. Seventeen (55%) had negative
ROS-I values with both HEAC and EA target cells. Six (19%) fell into
the borderline category with values for one or both target cell types
in the 10 to 15% inhibition range, or one value less than 10% and the
other value greater than 20% inhibition. Eight (26%) were positive for
both cell types with the exception of one whose values were eight per-
cent inhibition with HEAC cells and 29 percent inhibition with EA cells.
Four of eight positive sera were reassayed to confirm the positive
results. None of the eight positive sera were positive for rheumatoid
factor by the latex bead agglutination slide test. A1l eight were also
negative for antinuclear antibody by indirect immunofluorescence.

Raji Rosette Inhibition Using Serum from
Patients Submitted for Diagnostic Tissue

Biopsies

Sera from 24 patients on whom kidney, muscle or skin biopsies were

performed were collected and stored at -70° C. As shown in Table 16,
sera from 10 patients with immune complexes exhibited by immunofluores-
cence were positive for Raji ROS-I.

The values ranged from 11 percent (borderline positive) to 83 per-
cent. Sera from nine patients positive for immune complexes by immuno-
fluorescence were negative by rosette inhibition. Five of the 24
patients were negative for immune complexes by immunofluorescence. Four
of the five negatives were also negative for ROS-I. There was no appar-
ent correlation between the value of Raji cell ROS-I and the presence

of immune complexes in the kidney, skin or muscle.
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TABLE 15. HEALTHY BLOOD DONORS EVALUATED FOR CIRCULATING IMMUNE
COMPLEXES BY RAJI ROSETTE INHIBITION

Percent (%) Inhibition

Number Range of Values Average
Raji ROS-I of Sera HEAC EA
Negative 17 0-10 0-5 0.8
Borderline 6 0-18 0-18 12.2

Positive 8 8-58 19-53 36.5
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Raji Rosette Inhibition Using Serum from
Patients with Collagen Vascular Disorders

Serum was obtained from 11 patients diagnosed with systemic lupus
erythematosus (SLE) or mixed connective tissue disease (MCTD). Results
of Raji cell ROS-I assay, antinuclear antibody and other pertinent data
are recorded in Table 17. ROS-I was positive in five of 11 (45%), with
a range of 21 to 82 percent inhibition, borderline in two (18%) and
negative in four (36%). There was no apparent correlation between Raji
cell ROS-I value and antinuclear antibody titer, percent DNA binding,
extractable nuclear antigen titer or complement level.

Raji Rosette Inhibition Using Serum from
Patients with Rheumatoid Arthritis

Serum was obtained from ten rheumatoid arthritis patients having
RA latex titers exceeding 1:80. Results of Raji cell ROS-I assay, rheu-
matoid factor titer and other pertinent data are recorded in Table 18.
ROS-I values were positive in five of 10 (50%) with a range of 22 to 70
percent inhibition, borderline in one (10%) and negative in four (40%).
A11 five CIC positive sera had RF values of 160 or greater, but there
was no direct correlation between RF titer and percent inhibition as the
four CIC negative sera also had RF values greater than 160.

Raji Rosette Inhibition Using Serum from
Patients with Rheumatoid Disorders

An additional 32 sera specimens were collected from patients with
rheumatoid disorders. The sera were grouped according to results from
antinuclear antibody (ANA) and rheumatoid factor (RF) tests into:

10 ANA-positive sera with titers ranging from 20 to 1,280, 10 RF-positive
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TABLE 18. RHEUMATOID ARTHRITIS PATIENTS EVALUATED FOR IMMUNE COMPLEXES
BY RAJI ROSETTE INHIBITION

Patient Percent Rheumatoid Other Laboratory

Serum ROS-1 Factor Titer Results

RA-01 70 1280

RA-02 64 5120 cryoglobulins

RA-03 46 160 ANA negative

RA-04 0 1280

RA-05 0 320 ANA negative

RA-06 22 320 ANA negative

RA-07 56 320

RA-08 0 2560

RA-09 0 640 ANA negative

RA-10 13 80 ANA 80-S, Dec.C',

ssDNA +, ENA -
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sera with titers ranging from 20 to 160 (three sera were positive for
both tests), and 15 which were negative for both ANA and RF or on which
results for one or both tests were not available. The Raji cell ROS-I
assay was performed on all 32 specimens (see Table 19). Nine of the 32
sera (28%) were positive, with a range of 18 to 83 percent inhibition,
four (13%) were borderline and 19 (59%) were negative. For the nine
sera positive for Raji ROS-I, four were ANA positive while five were
negative for both ANA and RF.

Raji Rosette Inhibition Using Serum from
Patients with Digestive Tract Cancers

Serum was collected from six patients with gastrointestinal tract
cancer submitted for carcinoembryonic antigen (CEA) evaluation. A1l
exhibited elevated CEA values (greater than 10 ng/ml) ranging from 11.3
to 1,202 ng/ml. Two of the six positive CEA sera were positive for CIC
(29 and 76 percent inhibition), while the remaining four sera were nega-
tive (zero to six percent inhibition).

Raji Rosette Inhibition Using Miscellaneous
Patient Sera

Eleven serum specimens from patients with various other diagnoses
were also evaluated for CIC by the Raji cell ROS-I assay. Four were
positive with values ranging from 18 to 54 percent inhibition. The four
were: 1) a kidney transplant donor (18%), 2) a Hepatitis B hyperimmune
globulin recipient (34%), 3) a multiple sclerosis patient (43%) and a
pregnant woman on whom amniocentesis was performed (54%). The other

sera were negative for CIC (see Table 20).



46

TABLE 19. PATIENTS WITH RHEUMATOID DISORDERS EVALUATED FOR IMMUNE
COMPLEXES BY RAJI ROSETTE INHIBITION

Raji ROS-I ANA, RF

Value ANA Pos. RF Pos. Neg. Total
Positive 4 0 5 9 (28%)
Borderline 1 0 3 4 (13%)

Negative 5 10 7 19 (59%)
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TABLE 20. MISCELLANEOUS PATIENT SERA EVALUATED FOR IMMUNE COMPLEXES BY
RAJI ROSETTE INHIBITION

Patient Serum Diagnosis Percent ROS-1I
MS-01 Histoplasmosis 0
MS-02 Multiple granulomata 0
MS-03 Kidney transplant 0
MS-04 Transplant donor 6
MS-05 Transplant donor 18
MS-06 Multiple Sclerosis 43
MS-07 Multiple Sclerosis 0
MS-08 Hepatitis exposure 34
MS-09 Hepatitis exposure 0
MS-10 Hepatitis 0

MS-11 Amniocentesis 54
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Comparison of Three Techniques for Evaluation
of Circulating Immune Complexes

Sera from 12 patients on whom kidney, skin or muscle biopsies were
performed, were collected and stored at -70° C. Eight of these sera and
five other sera from patients whose clinical diagnosis would suggest the
presence of CIC were sent to Scripps Immunology Reference Laboratory in
Ladolla, California for evaluation of CIC by the Raji-RIA. Fifteen sera
were also sent to Dr. R. H. Kelly, Department of Pathology, University
of Pittsburgh School of Medicine for evaluation of CIC by a zone electro-
phoresis assay. Six sera sent to Dr. Kelly were also evaluated at
Scripps. A1l of the aforementioned sera were evaluated for CIC by the
Raji cell rosette inhibition assay. Comparative results from the three
assays appear in Tables 21 and 22. Results from nine of 13 specimens
(69%) evaluated by Raji radioimmune assay and Raji ROS-I correlated,
Table 22 A. Results from six of ten specimens (60%) evaluated by
electrophoresis and Raji ROS-I correlated, Table 22 B. Three of six

results obtained by Raji-RIA and electrophoresis correlated, Table 22 C.
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TABLE 22. COMPARISON OF THREE ASSAYS FOR EVALUATION OF CIRCULATING
IMMUNE COMPLEXES

A. Raji ROS-I Value
Negative Borderline Positive
8 1 4
Raji-RIA Negative 6 0 2
Borderline 0 1
Positive 2 0 2
B. Raji ROS-I Value
Negative Borderline Positive
2 1 7

Zone Electrophoresis

Negative 0 1 1
Positive -
Antigen excess 2 0
Antibody excess 0 0 2
C. Raji-RIA Value
Negative Borderline Positive

Zone Electrophoresis

Negative 1 1 0
Positive
Antigen excess 2 0 2

Antibody excess 0 0




DISCUSSION

The Raji cell ROS-I assay developed for this study has proved use-
ful in CIC detection. Raji cells have receptors for complement and for
the Fc portion of IgG and will spontaneously bind antibody sensitized
erythrocytes (EA) via Fc Receptors, as well as complement coated human
erythrocyte target cells (HEAC) via complement (C3b) receptors. Rosette
formation with either EA or HEAC target cells was observed in only 50 to
70% of the Raji cells. Theoretically, 90 to 100% of the cells should
exhibit Fc and C3b receptors, and therefore, nearly all Raji cells
should bind EA and HEAC target cells. Possible explanations for the
lower than anticipated number of Raji rosette forming cells include:

1) Raji cells used in the assay are at different stages of development
so some may not exhibit Fc and C3b receptors, or may have fewer receptors
than cells at maturity, 2) receptors may be present on cells but are
masked by products of cell metabolism or ingredients in the culture
medium, or 3) receptors are present in a fluid membrane and are only
available for rosette formation in 70% of the cells. Incubation of Raji
cells with colchicine and cytochalasin B, known inhibitors of micro-
tubule and microfilament function, respectively, did not enhance rosette
formation, a result which would be expected if not all cells exhibit Fc
and C3b receptors due to variations in the maturation of Raji cells in
culture. A previous report, however, showed that receptors for Fc, C3b

and C3d are expressed equally well throughout the Raji cell cycle
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(91, 92). It is known that isolates of Raji cells vary and, perhaps,
the cell line used in this study differed with respect to concentration
and density of Fc and C3b receptors during the cell cycle. It is note-
worthy that some investigators have not been able to duplicate exactly
the Raji-RIA technique as reported by Theofilopoulos (33). The explana-
tion generally offered has been the variation in receptor concentration
on the Raji cells.

Results of ROS-I assays performed on 93 normal serum specimens
used as negative controls revealed that 78 (84%) were negative, 11 (12%)
were borderline, and 4 (4%) were positive. The 16% positive value for
normal sera compares well with the Raji-RIA assay in which 10% of normal
serum specimens are positive for CIC.

Serum from patients with SLE, RA, and other disorders reported
by others (52, 100, 105, 109) to exhibit CIC were evaluated in this
study. . Some sera in each patient population were positive for CIC,
while others were negative. In patients with diagnostic tissue biopsies,
the Raji ROS-I was positive in 10 of 19 patients. All patients, however,
exhibited either immunoglobulin and/or complement deposits, presumably
jmmune complexes, by immunofluorescence. Other investigators (100) have
reported the absence of CIC in patients with positive biopsies. As indi-
cated by the WHO study (52), IC are usually present in the circulation
of patients with acute glomerulonephritis, but may not be detected in
patients with more indolent forms of IC nephritis. Both acute and
indolent disorders, however, can have IC deposits in renal tissues.
Additionally, IC may not always be detected when anticipated since

complexes may be present in the circulation early in the disease course,
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or only intermittently. Such observations thus question the current
usefulness of CIC assays. This paradox may be explained, perhaps, by
the sensitivity or specificity of the assays available. Moreover, it
has been suggested that some patients may develop IC nephritis in the
absence of an unusual amount of CIC material via an inappropriate pro-
cessing of normal amounts of IC encountered during the course of day-to-
day immunologic surveillance (100).

Systemic lupus erythematosus is generally considered as the model
IC disease. In this study, serum specimens from 12 patients with SLE
were evaluated for CIC by the Raji ROS-I assay. Kidney biopsies per-
formed on six of these patients revealed immunoglobulin and complement
deposits by immunofluorescence studies. Seven of 12 (59%) were positive,
two (17%) were borderline positive, and three (25%) were negative. Two
of the three negative sera were from patients with positive biopsies.
Other investigators have noted that while DNA-anti-DNA complexes repre-
sent an important fraction of the glomerular deposits in SLE (48), such
complexes are usually not detectable in the circulation (110). This may
reflect a particular mechanism for the localization of IC in renal
glomeruli. It has also been shown that there is a high affinity of DNA
for the collagen component of the glomerular basement membrane (GBM),
and that under certain circumstances, free DNA can bind in vivo to renal
glomeruli (51). Such bound DNA can react later with circulating anti-
DNA antibodies, resulting in a local formation of IC at the site of the
GBM, in the absence of circulating DNA-anti-DNA complexes. The clinical
relevance of the detection of IC in SLE is unclear at present; however,

a few studies indicate the level of CIC fluctuates with disease activity
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(18, 111, 112). Elevated levels are usually reported in association
with the acute phase of an exacerbation of the disease. Correlations
between immune complex levels in SLE and plasma concentration of comple-
ment breakdown products have also been reported (51). Studies to evalu-
ate the role of CIC in the pathogenesis of other IC associated diseases
are currently being performed in other laboratories (51, 76, 81, 93,
100).

The nature of the IC detected in the serum and synovial fluid of
patients with rheumatoid arthritis is still incompletely defined.
Although complexes of 19S RF with IgG, and of 7S anti-IgG with IgG have
been identified (27, 49), their relative importance is unknown and the
possibility that other antigen-antibody systems may be involved remains
open.

With most IC detection methods, the incidence of IC in synovial
fluid appears relatively high in all types of RA patients, but elevated
values are also reported in other forms of inflammatory arthritis (30,
107). The incidence and the level of IC in serum from these same
patients, however, may vary considerably according to the method used,
as shown by the WHO study (52). Results of the WHO study emphasize that
CIC in RA patients may have limited biological activities, and cannot be
similarly detected by methods based on the use of different biological
recognition units. Such findings may explain why 50% (five of ten) of
sera from RA patients were positive for CIC by the Raji ROS-I assay.

A comparison study to correlate the results of the Raji ROS-I
assay with Raji-RIA and zone electrophoresis assays indicated that the

sensitivity and specificity of these three assays were quite variable.



55

This finding was not unexpected since the WHO study, designed to evalu-
ate and compare IC methods, showed a marked difference in sensitivity
and specificity in the 18 assays evaluated. The WHO study noted further
that a single IC assay was not sufficient to detect all types of IC.
Immune complex assays dependent on biological properties such as binding
of IC to cell receptors or Clq binding showed marked variations in sensi-
tivity and specificity. One of the most sensitive assays in the WHO
study, the Raji-RIA assay, detected only 70% of IC sera. Some of the
variability in IC assays is dependent on the underlying principle of the
test. Clg-dependent assays detect only complexes which activate comple-
ment by the classical pathway (containing IgM or IgG) and do not detect
IC containing only IgA, IgD, or IgE. Assays dependent on lymphocyte Fc
receptors detect only complexes composed of IgG. False positive results
can also occur in immune complex assays due to interfering factors such
as aggregated immunoglobulin, rheumatoid factors, and substances which
react with Clq such as DNA, heparin, and endotoxin. For the Raji assays
anti-lymphocyte antibodies can be a potential source of error. Activated
complement components may also give false positive results in the Raji
ROS-I assay.

Increased specificity for all CIC assays has been discussed in the
literature, but as yet, little progress has been made in this area (100,
109). This objective could be obtained by developing methods for the
isolation of IC, dissociation of Ag-Ab complexes, and identification of
the antigens involved. A more reliable comparison of sensitivities of
various assays would be possible if reference standards for IC detection

were made available. Reference standards should include stable
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antigen-antibody complexes of varying sizes and aggregated immuno-
globulin preparations. When such reference materials are available,
individual laboratories will be able to run comparison studies to deter-
mine which method or panel of assays would best suit their needs in
terms of sensitivity and specificity for the types of IC to be detected
in various diseases.

A considerable range in the background level of rosette formation
was noted in the Raji ROS-I assay. This variability may be due to dif-
ferences in Fc and C3b receptor densities on the Raji cells at different
stages of the cell cycle, variability in target cell preparations and
differences in the negative control sera used to determine the baseline
value.

Although there was a daily variation in the baseline values, serial
assays on sera exhibited reproducible rosette inhibition. Moreover, CIC
in some sera were detected by three different procedures. These findings
indicate that the Raji ROS-I assay can detect CIC.

Other investigators have used the principle of rosette inhibition
to detect CIC. Ezer and Hayward (26) used adenoid tissue and EAC rosette
inhibition while Kammer and Schur (46) used peripheral blood 1ymphocytes
and EA and EAC rosette inhibition. The Raji ROS-I assay has advantages
over other rosette inhibition methods in that it utilizes a continuous
cell line with a greater percentage of total cells exhibiting Fc and C3b
receptors in higher density. A comparative study to evaluate rosette
inhibition for CIC detection using Raji cells, peripheral blood 1ympho-

cytes and adenoid tissue will be undertaken in the future.



BIBLIOGRAPHY



BIBLIOGRAPHY

. Agnello, V., R. J. Winchester, and H. G. Kunkel. 1970. Precipitin

reactions of the Clq component of complement with aggregated
y-globulin and immune complexes in gel diffusion. Immunology
19:909-919.

. Agnello, V., D. Koffler, J. W. Eisenberg, R. J. Winchester, and H. G.

Kunkel. 1971. Clq precipitins in the sera of patients with
systemic lupus erythematosus and other hypocomplementemic
states: Characterization of high and low molecular weight
types. J. Exp. Med. 134:228s-241s.

. Al-Khateeb, S. F., and T. Barkas. 1978. Rat spleen leucocyte (RSL)

radioimmunoassay for the detection and quantification of
soluble immune complexes. Clin. Exp. Immunol. 34:429-435.

. Almeida, J. D., and A. P. Waterson. 1969. Immune complexes in

hepatitis. Lancet 2:983-986.

. Amlot, P. L., J. M. Slaney, and B. D. Williams. 1976. Circulating

immune complexes and symptoms in Hodgkin's disease. Lancet
1:449-451.

. Amlot, P. L., B. Pussell, J. M. Slaney, and B. D. Williams. 1978.

Correlation between immune complexes and prognostic factors in
Hodgkin's disease. Clin. Exp. Immunol. 31:166-173.

Barkas, T., S. F. Al-Khateeb, W. J. Irvine, N. McD. Davidson, and
P. Roscoe. 1976. Inhibition of antibody-dependent cell-
mediated cytotoxicity (ADCC) as a means of detection of immune
complexes in the sera of patients with thyroid disorders and
bronchogenic carcinoma. Clin. Exp. Immunol. 25:270-279.

Bayer, A. S., A. N. Theofilopoulos, R. Eisenberg, F. J. Dixon, and
L. B. Guze. 1976. Circulating immune complexes in infective
endocarditis. N. Engl. J. Med. 295:1500-1505.

. Bensel, R. T., C. G. Cochrane, and R. C. Willjams. 1968. Demonstra-

tion of complexes of gammaglobulin and complement in patients
with SLE. Arthr. Rheum. 11:515-519.

57



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

58

Bhamarapravati, N., P. Tuchinda, V. Boonyapaknavik. 1967.
Pathology of Thailand hemorrhagic fever: a study of 100
autopsy cases. Ann. Trop. Med. Parisitol. 61:500-510.

Bianco, C., R. Patrick, and V. Nussenzweig. 1970. A population
of lymphocytes bearing a membrane receptor for antigen-
antibody-complement complexes. J. Exp. Med. 132:702-720.

Bjorvatn, B., R. S. Barnetson, G. Kronvall, R. H. Zubler, and P.-H.
Lambert. 1976. Immune complexes and complement hypercatab-
olism in patients with leprosy. Clin. Exp. Immunol.
26:388-396.

Bokisch, V. A., F. H. Top, Jr., P. K. Russel, F. J. Dixon, and
H. J. Miller-Eberhard. 1973. The potential pathogenic role
of complement in dengue hemorrhagic shock syndrome. N. Engl.
J. Med. 289:996-1000.

Bout, D., F. Santoro, Y. Carlier, J. C. Bina, and A. Capron. 1977.
Circulating immune complexes in schistosomiasis. Immunology
33:17-22.

Britton, M. C., and P. H. Schur. 1971. The complement system ir.
rheumatoid synovitis. II. Intracytoplasmic inclusions of
immunoglobulins and complement. Arthr. Rheum. 14:87-95.

Brouet, J. C., J. P. Clauvel, F. Danon, M. Klein, and M. Seligmann.
1974. Biological and clinical significance of cryoglobulins.
Am. J. Med. 57:775-788.

Cambiaso, C. L., H. Riccomi, and P. L. Masson. 1977. Automated
determination of immune complexes by their inhibitory effect
on the agglutination of IgG-coated particles by rheumatoid
factor of Clq. Ann. Rheum. Dis. 36(Suppl 1):40-44.

Cano, P. 0., L. M. Jerry, J. P. Sladowski, and C. K. Osterland.
1977. Circulating immune complexes in systemic lupus
erythematosus. Clin. Exp. Immunol. 29:197-204.

Carpentier, N. A., G. T. Lange, D. M. Fiere, G. J. Fournie, P. H.
Lambert, and P. A. Miescher. 1977. Clinical relevance of
circulating immune complexes in human leukemia. Association
in acute leukemia of the presence of immune complexes with
unfavorable prognosis. J. Clin. Invest. 60:874-884.

Casali, P., A. Bossus, N. A. Carpentier, and P. H. Lambert. 1977.
Solid-phase enzyme immunoassay or radioimmunoassay for the
detection of immune complexes based on their recognition by
conglutinin: Conglutinin-binding test. A comparative study

. with 22%I-1abelled Clq binding and RAJI cell-RIA tests.
Clin. Exp. Immunol. 29:342-357.



21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

59

Cowdery, J. S., P. E. Treadwell, and R. B. Fritz. 1975. A radio-
immunoassay for human antigen-antibody complexes in clinical
material. J. Immunol. 114:5-9.

Creighton, W. D., P. H. Lambert, and P. A. Miescher. 1973.
Detection of antibodies and soluble antigen-antibody complexes
by precipitation with polyethelene glycol. J. Immunol.
111:1219-1227.

Digeon, M., M. Laver, J. Riza, and J. F. Bach. 1977. Detection of
circulating immune complexes in human sera by simplified
assays with polyethelene glycol. J. Immunol. Meth. 16:165-183.

Dixon, F. J. 1963. The role of antigen-antibody complexes in
disease. Harvey Lect. 58:21-52.

Eisenberg, R. A., A. N. Theofilopoulos, and F. J. Dixon. 1977. Use
of bovine conglutinin for the assay of immune complexes.
J. Immunol. 118:1428-1434.

Ezer, G., and A. R. Hayward. 1974. Inhibition of complement-
dependent lymphocyte rosette formation: A possible test for
activated complement products. Europ. J. Immunol. 4:148-150.

Franklin, E. C., H. R. Holman, H. J. Miiller-Eberhard, and H. G.
Kunkel. 1957. An unusual protein component of high molecular
weight in the serum of certain patients with rheumatoid
arthritis. J. Exp. Med. 105:425-438.

Froland, S. S., and J. B. Natvig. 1973. Identification of three
different human lymphocyte populations by surface markers.
Transplant. Rev. 16:114-162.

Gabriel, A., M. Tai, and V. Agnello. 1975. Two new radioimmuno-
assays for the detection of immune complexes. Fed. Proc.
36:670.

Gabriel, A., Jr., and V. Agnello. 1977. Detection of immune com-
plexes. The use of radioimmunoassays with Clq and monoclonal
rheumatoid factor. J. Clin. Invest. 51:990-1001.

Gelber, R. H., D. J. Drutz, W. V. Epstein. 1974. Clinical corre-
lates of C1Q-precipitating substances in the sera of patients
with leprosy. Am. J. Trop. Med. Hyg. 23:471-475.

Gluckman, J. C., H. Beaufils, and F. Sanchez. 1976. Inhibition of
complement-dependent lymphocyte rosette formation by sera of
patients with chronic glomerulonephritis. Clin. Exp. Immunol.
26:247-252.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

60

Gupta, R. C., F. C. McDuffie, K. A. Huston, G. Tappeiner, M. Meurer,
R. E. Jordan, H. Luthra, G. G. Hunder, and D. Ilstrup. 1979.
Comparison of three immunoassays for immune complexes in
rheumatoid arthritis. Arthr. Reum. 22:433-439.

Hannestad, K. 1968. Rheumatoid factors reacting with autologous
native y-G-globulin and joint fluid y-G-aggregates. Clin.
Exp. Immunol. 3:671-690.

Harbeck, R. J., E. J. Bardana, P. F. Kohler, and R. I. Carr. 1973.
DNA:anti-DNA complexes: their detection in systemic lupus
erythematosus sera. J. Clin. Invest. 52:789-795.

Hay, F. C., L. J. Nineham, and I. M. Roitt. 1976. Routine assay
for the detection of immune complexes of known immunoglobulin
class using solid phase Clg. Clin. Exp. Immunol. 24:396-400.

Hay, F. C., L. J. Nineham, and I. M. Roitt. 1976. Simple procedure
for estimating immune complexes of known class using Clg-
coated plastic tubes. Ann. Rheum. Dis. 36(Suppl 1):31-34.

Hellstrom, K. E., and I. Hellstrom. 1974. Lymphocyte mediated
cytotoxicity and blocking serum activity to tumor antigens.
Advan. Immunol. 18:209-277.

Hersey, P., J. Isbister, A. Edwards, E. Murray, E. Adams, J. Biggs,
and G. W. Mitton. 1976. Antibody-dependent cell-mediated
cytotoxicity against melanoma cells induced by plasmapheresis.
Lancet 1:825-827.

Houba, V. 1975. Immunopathology of nephropathies associated with
malaria. Bull. W. H. 0. 52:199-207.

Houba, V. 1975. The relation between immunofluorescence patterns
of glomerular deposits and subclasses of IgG in patients with
nephritis associated with malaria. Ann. NY Acad. Sci.
254:332-333.

Houba, V., R. H. Lambert, A. Voller, and M.A. 0. Soyanwo. 1976.
Clinical and experimental investigation of immune complexes
in malaria. Clin. Immunol. Immunopathol. 6:1-12.

Jayarao, K. S., W. P. Faulk, J. H. Karam, G. M. Grodsky, and P. H.
Forsham. 1973. Measurement of immune complexes in insulin-
treated diabetics. J. Immunol. Methods 3:337-346.

Johnson, A. H., J. F. Mowbray, and K. A. Porter. 1975. Detection
of circulating immune complexes in pathological human sera.
Lancet 1:762-765.



45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

61

Jose, D. G., and R. Seshadri. 1974. Circulating immune complexes
in human neuroblastoma: direct assay and role in blocking
specific cellular immunity. Internatl. J. Cancer 13:824-838.

Kammer, G. M., and P. H. Schur. 1978. Binding of circulating
immune complexes to human peripheral blood lymphocytes:
Effect of complement. Clin. Immunol. Immunopathol.
10:202-213.

Kdvai, M., K. Danké, E. Kalmdr, I. Francia, and G. Szegedi. 1977.
Radioassay of soluble immune complexes using their uptake by
macrophage Fc receptors. Immunology 32:617-621.

Koffler, D., P. H. Schur, and H. G. Kunkel. 1967. Immunological
studies concerning the nephritis of systemic lupus erythemato-
sus. J. Exp. Med. 126:607-623.

Kunkel, H. G., H. J. Miiller-Eberhard, H. H. Fudenberg, and T. B.
Tomasi. 1961. Gammaglobulin complexes in rheumatoid
arthritis and certain other conditions. J. Clin. Invest.
40:117-129.

Lambert, P. H., and V. Houba. 1974. Immune complexes in parasitic
diseases, p. 57-67. In L. Brent and J. Holborow (eds.),
Progress in Immunology, II, Vol 5. North-Holland, Amsterdam.

Lambert, P. H., and P. Casali. 1978. Immune complexes and the
rheumatic diseases. Clinics in Rheumatic Diseases 4:617-642.

Lambert, P. H. (19 authors). 1978. A WHO collaborative study for
the evaluation of eighteen methods for detecing immune com-
plexes in serum. J. Clin. Lab. Immunol. 1:1-15.

Levinsky, R. J., J. S. Cameron, and J. F. Soothill. 1977. Serum
immune complexes and disease activity in lupus nephritis.
Lancet 1:564-567.

Lurhuma, A. Z., C. L. Cambiaso, P. L. Masson, and J. F. Heremans.
1976. Detection of circulating antigen-antibody complexes by
their inhibitory effect on the agglutination of IgG-coated
particles by rheumatoid factor or Clq. Clin. Exp. Immunol.
25:212-226.

Luthra, H. S., F. C. McDuffie, G. G. Hunder, and E. A. Samayoa.
1975. Immune complexes in sera and synovial fluids of patients
with rheumatoid arthritis. Radioimmunoassay with monoclonal
rheumatoid factor. J. Clin. Invest. 56:458-466.

McGregor, I. A., P. J. Hall, K. Williams, C. L. S. Hardy, and M. W.
Turner. 1966. Demonstration of circulating antibodies to
Plasmodium faleiparum by gel-diffusion techniques. Nature
(Lond.) 210:1384-1386.



62

57. McGregor, I. A., M. W. Turner, K. Williams, and P. Hall. 1968.
Soluble antigens in the blood of African patients with severe
Plasmodium faleiparwn malaria. Lancet 1:881-884.

58. McIntosh, R. M., D. B. Kaufman, C. Kulvinskas, and B. J. Grossman.
1970. Cryoglobulins. I. Studies on the nature, incidence,
and clinical significance of serum cryoproteins in
glomerulonephritis. J. Lab. Clin. Med. 75:566-577.

59. MacLennan, I. C. M. 1972. Competition for receptors for immuno-
globulins on cytotoxic lymphocytes. Clin. Exp. Immunol.
10:275-283.

60. Medhof, M. E., and S. Sukhupunyaraksa. 1975. Detection and quanti-
tation of immune complexes by inhibition of *2°I-Clq binding
to IgG-coated latex particles. Fed. Proc. 36:670.

61. Meltzer, M., and E. C. Franklin. 1966. Cryoglobulinemia--A study
of twenty-nine patients. 1. IgG and IgM cryoglobulins and
factors affecting cryoprecipitability. Am. J. Med.
40:828-836.

62. Mohammed, I., E. J. Holborow, L. Fry, B. R. Thompson, A. V.
Hoffbrand, and J. S. Stewart. 1976. Multiple immune complexes
and hypocomplementaemia in dermatitis herpetiformis and
coeliac disease. Lancet 2:487-490.

63. Mohammed, I., B. R. Thompson, and E. J. Holborow. 1977. Radio-
assay for immune complexes using macrophages. Ann. Rheum.
Dis. 36(Suppl 1):49-54,

64. Moran, C. J., G. Ryder, J. L. Turk, and M. F. R. Waters. 1972.
Evidence for circulating immune complexes in lepromatous
leprosy. Lancet 2:572-573.

65. Mowbray, J. F., A. V. Hoffbrand, E. J. Holborow, P. P. Seah, and
L. Fry. 1973. Circulating immune complexes in dermatitis
herpetiformis. Lancet 1:400-402.

66. Myllyld, G., A. Vaheri, and K. Penttinen. 1971. Detection and
characterization of immune complexes by the platelet aggrega-
tion test. II. Circulating complexes. Clin. Exp. Immunol.
8:399-408.

67. Myllyla, G. 1973. Aggregation of human blood platelets by immune
complexes in the sedimentation pattern test. Scand. J.
Haematol., Suppl. 19.

68. Nimmanitya, S., S. B. Halstead, S. N. Cohen. 1969. Dengue and
chikungunya virus infection in man in Thailand, 1962-1964. 1.
Observations on hospitalized patients with hemorrhagic fever.
Am. J. Trop. Med. 18:954-971.



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

63

Notkins, A. L., S. Mahar, C. Scheele, and J. Goffman. 1966.
Infectious virus-antibody complex in the blood of chronically
infected mice. J. Exp. Med. 124:81-97.

Nussenzweig, V. 1974. Receptors for immune complexes on lympho-
cytes. Adv. Immunol. 19:217-258.

Nydegger, U. E., P. H. Lambert, H. Gerber, and P. A. Miescher.
1974. Circulating immune complexes in the serum in systemic
lupus erythematosus and in carriers of hepatitis B antigen.
Quantitation by binding to radiolabelled Clq. J. Clin. Invest.
54:297-309.

Onyewotu, I. I., E. J. Holborow, and G. D. Johnson. 1974. Detec-
tion and radioassay of soluble circulating immune complexes
using guinea pig peritoneal exudate cells. Nature (London)
248:156-159.

Penttinen, K., A. Vaheri, and G. Myllyld. 1971. Detection and
characterization of immune complexes by the platelet aggrega-
tion test. I. Complexes formed in vitro. Clin. Exp.
Immunol. 8:389-397.

Penttinen, K. 1977. The platelet aggregation test. Ann. Rheum.
Dis. 36(Suppl 1):55-58.

Phillips, T. M., and C. C. Draper. 1975. Circulating immune com-
plexes in schistosomiasis due to Schistosoma mansont.
Brit. Med. J. 2:476-477.

Pussell, B. A., C. M. Lockwood, D. M. Scott, A. J. Pinching, and
D. K. Peters. 1978. Value of immune complex assays in
diagnosis and management. Lancet 2:359-363.

Rawson, A. J., N. M. Abelson, and J. L. Hollander. 1965. Studies
on the pathogenesis of rheumatoid joint inflammation. 1II.
Intracytoplasmic particulate complexes in rheumatoid synovial
fluids. Ann. Int. Med. 62:281-284.

Reeves, W. G., J. S. Cameron, S. G. Hohanasson. 1975. Seasonal
nephrotic syndrome. Description and immunological findings.
Clin. Allergy 5:121-137.

Roberts-Thompson, P. J., B. L. Hazelman, I. G. Barnett, I. G. M.
MacLennan, and A. G. Mowat. 1976. Factors relating to circu-
lating immune complexes in rheumatoid arthritis. Ann. Rheum.
Dis. 35:314-320.

Rojas-Espinosa, 0., I. Mendez-Navarette, and S. Estrada-Parra. 1972.
Presence of Clg-reactive immune complexes in patients with
leprosy. Clin. Exp. Immunol. 12:215-223.



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

64

Rossen, R. D., M. A. Reisberg, E. M. Hersh, and J. U. Gutterman.
1977. The Cl1g binding test for soluble immune complexes:
Clinical correlations obtained in patients with cancer.

J. Natl. Cancer Inst. 58:1205-1215.

Smith, M. D., T. M. Barratt, A. R. Hayward, and J. F. Soothill.
1975. The inhibition of complement-dependent lymphocyte
rosette formation by the sera of children with steroid-sensi-
tive nephrotic syndrome and other renal diseases. Clin. Exp.
Immunol. 21:236-243.

Sobel, A. T., V. A. Bokisch and H. J. Miiller-Eberhard. 1975. C(Clq
deviation test for the detection of immune complexes, aggre-
gates of IgG, and bacterial products in human sera. J. Exp.
Med. 142:139-150.

Sobotka, A. K., M. H. Lessof, and L. M. Lichtenstein. 1976.
Absolute blocking antibody levels in passively and actively
treated honey-bee-sensitive patients. 1976. J. Allergy
Clin. Immunol. 57:247.

Soothill, J. F. and R. G. Hendrickse. 1967. Some immunological
studies of the nephrotic syndrome of Nigerian children.
Lancet 2:629-632.

Steffelaar, J. W., C. B. de Graaff-Reitsma, and T. M. Feltkamp.
1976. Immune complex detection by immunofluorescence on
peripheral blood polymorphonuclear leucocytes. Clin. Exp.
Immunol. 23:272-278.

Steffelaar, J. W., F. J. W. TenKate, M. Nap, A. J. G. Swaak, C. B.
de Graaff-Reitsma, E. H. VanElven, and T. M. Feltkamp-Vroom.
1977. Immune complex detection by immunofluorescence on
polymorphonuclear leucocytes. Clin. Exp. Immunol. 27:391-396.

Tan, E. M., and H. G. Kunkel. 1966. An immunofluorescent study of
the skin lesions in systemic lupus erythematosus. Arthr.
Rheum. 9:37-46.

Theofilopoulos, A. N., C. B. Wilson, V. A. Bokisch, and F. J.
Dixon. 1974. Binding of soluble immune complexes to human
lymphoblastoid cells. II. Use of Raji cells to detect
circulating immune complexes in animal and human sera.

J. Exp. Med. 140:1230-1244.

Teshima, H., H. Wanebo, C. Pinsky, and N. K. Day. 1977. Circulating
immune complexes detected by 12°I-Clq deviation test in sera
of cancer patients. J. Clin. Invest. 59:1134-1142.



91.

92.

93.

94.

95.

96.

97.
98.

99.

100.

101.

102.

65

Theofilopoulos, A. N., C. B. Wilson, F. J. Dixon. 1976. The Raji
cell radioimmune assay for detecting immune complexes in
human sera. J. Clin. Invest. 57:169-182.

Theofilopoulos, A. N., and F. J. Dixon. 1976. Immune complexes in
human sera detected by the Raji cell radioimmunoassay. p. 555-
563. In B. R. Bloom and J. R. David (eds.), In Vitro Methods
in Cell-Mediated and Tumor Immunity. Academic Press, New York.

Theofilopoulos, A. N., B. S. Andrews, M. M. Urist, D. L. Morton, and
F. J. Dixon. 1977. The nature of immune complexes in human
cancer sera. J. Immunol. 119:657-663.

Thomas, H. C., D. DeVilliers, B. Potter, H. Hodgson, S. Jain, D. P.
Jewell, and S. Sherlock. 1978. Immune complexes in acute
and chronic liver disease. Clin. Exp. Immunol. 31:150-157.

Tung, K. S. K., B. Kim, B. Bjorvatn, G. Kronvall, L. C. McLaren,
and R. C. Williams, Jr. 1977. Discrepancy between Clq
Deviation and Raji Cell Tests in Detection of Circulating
Immune Complexes in Patients with Leprosy. J. Inf. Dis.
136:216-221.

Van Der Schueren, B. 1978. Modulation of the effect of colchicine
and cytocholasin B on fibroblast aggregates by the substratum.
J. Cell Sci. 31:355-367.

Von Pirquet, C. E. 1971. Allergy. Arch. Int. Med. 7:259-288.

Wemambu, S. N. C., J. L. Turk, M. F. R. Waters, and R. J. W. Rees.
1969. Erythema nodosum leprosum: A clinical manifestation
of the arthur phenomenon. Lancet 2:933-935.

Wilson, C. and F. J. Dixon. 1974. Diagnosis of immunopathological
renal disease. Kidney Int. 5:389-401.

Wilson, C. B. 1979. Assays to detect and quantitate circulating
immune complexes, p. 347-360. In Immunoassays in the Clinical
Laboratory. Alan R. Liss, Inc., New York.

Winchester, R. J., V. Agnello, and H. G. Kunkel. 1970. Gamma-
globulin complexes in synovial fluid of patients with rheuma-
toid arthritis. Partical characterization and relationship to
lowered complement levels. Clin. Exp. Immunol. 6:689-706.

Winchester, R. J., H. G. Kunkel, and V. Agnello. 1971. Occurrence
of y-globulin complexes in serum and joint fluid of rheumatoid
arthritis patients: Use of monoclonal rheumatoid factors as
reagents for their demonstration. J. Exp. Med. 134:286s-295s.



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

66

Winchester, R. J. 1975. Characterization of IgG complexes in
patients with rheumatoid arthritis. Ann. N. Y. Acad. Sci.
256:73-87.

Woodroofe, A. J., and C. B. Wilson. 1977. An evaluation of elu-
tion techniques in the study of immune complex glomerulo-
nephritis. J. Immunol. 118:1784-1794.

WHO Report of a Scientific Group. 1977. The role of immune com-
plexes in disease. Technical Report Series, No. 606.
Geneva: WHO.

Zabriskie, J. B. 1971. The role of streptococci in human
glomerulonephritis. J. Exp. Med. 134:180s.

Zubler, R. H., U. E. Nydegger, L. H. Perrin, K. Fehr, J. McCormick,
P. H. Lambert, and P. A. Miescher. 1976. Circulating and
intra-articular immune complexes in patients with rheumatoid
arthritis. Correlation of '2°I-Clq binding activity with
clinical and biological features of the disease. J. Clin.
Invest. 57:1308-1319.

Zubler, R. H., G. Lange, P. H. Lambert, and P. A. Miescher. 1976.
Detection of immune complexes in unheated sera by a modified
1251-C1q binding test. Effect of heating on the binding of
Clg by immune complexes and application of the test to
systemic lupus erythematosus. J. Immunol. 116:232-235.

Zubler, R. H., and P. H. Lambert. 1976. The '?°I-Clq binding
test for the detection of soluble immune complexes, p.
565-572. In B. R. Bloom and J. R. David (eds.), In Vitro
methods in cell-mediated and tumor immunity. Academic Press,
New York.

Zubler, R. H., L. H. Perrin, W. D. Creighton, and P. H. Lambert.
1977. The use of polyethylene glycol (PEG) to concentrate
immune complexes from serum or plasma samples. Ann. Rheum.
Dis. 36 (Suppl. 1):23-25.

Zubler, R. H., and P. H. Lambert. 1978. Immune complexes in
clinical investigation, p. 125-146. In R. A. Thompson (ed.)
Recent Advances in Clinical Immunology. Edinborough and
London, Churchill Livingstone.

Zubler, R. H., and P. H. Lambert. 1978. Detection of immune com-
plexes in human diseases. Prog. Allergy 24:1-48.



APPENDIX



APPENDIX

Zone Electrophoresis Assay for Circulating Immune Complexes
R. H. Kelly
University of Pittsburgh School of Medicine

Pittsburgh, PA

The zone electrophoresis assay for detecting CIC is an adaptation
of the standard zone electrophoresis in agarose gel procedure reported
by Jeppsson (J. 0. Jeppsson, C. B. Laurell,.and B. Franzen, Clin. Chem.
25:629-638, 1979) and modified by Kelly (R. H. Kelly, M. A. Scholl,
V. S. Harvey, A. G. Devenyi, and T. J. Hardy, Fed. Proc. 38:1358, 1979).
Dr. Kelly's modification utilizes a lower ionic strength buffer to allow
for greater resolution of protein bands near the cathode. The test is
based on the observation that antigen-antibody complexes have a net sur-
face charge that differs from either component alone. This allows for
the detection of separate bands of free antigen, antigen-excess IC,
antibody-excess IC, and free antibody on stained gels. Most CIC are
detected as broad rectangular bands with well-defined edges in the gamma
region. The specific class of antibody involved can be determined by
immunofixation procedures.

The assay is extremely sensitive, detecting IC in 70-80% of
normals if serum specimens are collected within two hours postprandially.
This is apparently due to food antigen-antibody complexes present in the

circulation. On fasting specimens, the assay is positive for 15% of
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normal serum specimens. For patient sera, the test is considered posi-
tive for CIC when the C3 level (B, band) is decreased in addition to a

prominent IC band.
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