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Inhibition of Polymorphonuclear Leukocyte
Chemiluminescence for Detection of Immune

Complexes in Human Sera

N. JAMES DOLL, MERLIN R. WILSON, and JOHNE. SALVAGGIO,
Tulane University School of Medicine, Department of Medicine,
Clinical Immunology Section, New Orleans, Louisiana 70112

A B S T R A C T An assay for the detection and quanti-
tation of immune complexes is described. Experi-
mental immune complexes or aggregated human
gamma globulin (AHG) were incubated with poly-
morphonuclear leukocytes (PMN). After challenge of
the PMNwith opsonized zymosan, chemilumines-
cence was recorded in a scintillation spectrometer.
A quantitative inhibition of chemiluminescence could
be demonstrated by the interaction of PMN with
immune complexes or AHG.

Experimental immune complexes of bovine serum
albumin-anti-bovine serum albumin were formed and
tested by this assay, and immune complexes formed
near antigen excess were best described by this
technique.

The technique was used to demonstrate immune
complexes in the sera from patients with systemic
lupus erythematosus, rheumatoid arthritis, and vas-
culitis. Immune complexes were quantitated by refer-
ence to a standard curve using AHG. By this technique,
normal human sera had <10 ,ug of AHGper milliliter
of serum. Immune complexes at levels above this
were detected in 9/15 patients with systemic lupus
erythematosus, 18/30 patients with rheumatoid arth-
ritis, and 2/5 patients with vasculitis. Therefore, this
assay is a sensitive, simple method for measurement
of circulating immune complexes in the sera of patients
with certain connective tissue diseases.

INTRODUCTION

Immune complexes are recognized as important factors
in the pathogenesis of various rheumatic and non-
rheumatic diseases. Assays that detect circulating
immune complexes have been developed and have
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been shown to be useful in the diagnosis and assess-
ment of the clinical activities of these diseases. How-
ever, there appears to be significant variability in the
results obtained by the various assays presently
available (1). The variability of results encountered
with these assays included lack of specificity and
sensitivity, unavailability and difficulties in main-
tenance of reference cell lines, and interference from
substances such as endotoxins, DNA, and heparin.
Therefore, these assays have remained experimental
tools, and it has not been practical for clinical labora-
tories to perform these assays.

Immune complexes have been demonstrated on the
surface of polymorphonuclear leukocytes (2, 3). These
complexes may produce inhibition of the killing of
Escherichia coli by polymorphonuclear leukocytes
(PMN)l (1) and impair neutrophil bactericidal activity
of Staphylococcus aureus (4). Using the concept that
the microbicidal function of neutrophils will be de-
pressed after interaction with immune complexes, we
have used inhibition of PMNchemiluminescence to
develop a simple and quantitative assay for the de-
tection of immune complexes in human sera. In
experiments using aggregated human gammaglobulin,
a direct correlation between percent inhibition in
chemiluminescence and the amount of aggregated
human gamma globulin exposed to the PMNwas
demonstrated, and a quantitative inhibition curve
could be shown. Application of this method to sera
specimens from patients with systemic lupus eryth-
ematosus (SLE), rheumatoid arthritis (RA), and vas-
culitis demonstrated the presence of circulating im-
mune complexes.

' Abbreviations used in this paper: AHG, aggregated human
gamma globulin; BSA, bovine serum albumin; CL, chemi-
luminescence; NHS, normal human serum; PMN, poly-
morphonuclear leukocytes; RA, rheumatoid arthritis; SLE,
systemic lupus erythematosus.
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METHODS

Materials
Medium. RPMI 1640 without phenol red, supplemented

with 100 U/ml of penicillin and 50 ,ug/ml of streptomycin
(Associated Biomedic Systems, Inc., Buffalo, N. Y.) was used.

Complement source. Fresh normal human sera or pooled
normal human sera stored at -700C and thawed once was
used as a complement source in all experiments.

Complement determination. Total hemolytic complement
(CH50) was determined by the method of Mayer (5).

Zymosan preparation. Zymosan A (from S. cervisiae yeast,
Sigma Chemical Co., St. Louis, Mo.) was suspended in RPMI
1640 to produce a stock solution of 10 mg/ml.

Antisera. The immunoglobulin (Ig)G fraction of rabbit
antiserum to bovine serum albumin (BSA) was obtained from
Pel-Freeze Biologicals, Inc., Rogers, Ark.

Leukocyte preparation. Blood was obtained from healthy
adult donors by venipuncture. Leukocyte suspensions were
prepared by standard techniques as described by Allen (6),
and adjusted to a final concentration of 5 x 106 cells/ml.

Preparation of aggregated human gammaglobulin (AHG).
Azide-free human IgG (Cohn fraction II, Pentex Biochemical,
Kankakee, Ill.) was heat-aggregated in a water bath at 630C
for 30 min. Each concentration of aggregates used in the
experiments was prepared from a single batch and stored
in 1-ml aliquots.

Sucrose density gradient ultracentrifugation. AHGwas
fractionated on a linear 10-40% sucrose density gradient
in phosphate-buffered saline, pH 7.2. A 300-.ul sample (3
mg/ml) of AHGwas layered on 5 ml of sucrose using a
Buchler automatic density gradient maker (Buchler In-
struments Inc., Fort Lee, N. J.). Ultracentrifugation was
performed in an SW50.1 rotor at 100,000 g for 16 h at 4°C in
an L2 centrifuge (Beckman Instruments, Inc., Spinco Div.,
Palo Alto, Calif.). Human hemoglobin, human 7S IgG, and
human thyroglobulin were used as 4.5, 7, and 19S markers,
respectively. 25 drop fractions were collected by piercing
the cellulose nitrate tubes from below. Two 25-drop fractions
were pooled and dialzyed overnight in phosphate-buffered
saline, pH 7.2. These pools were then used in the chemi-
luminescence inhibition experiments.

Preparation of immune complexes. A quantitative precipi-
tin curve was constructed for the BSA-anti-BSA system and
equivalence determined. Increasing amounts of BSA (5-
400 ,ug) were added to a constant amount of anti-BSA antibody
(310 gg). These solutions were incubated for 1 h at 370C and
overnight at 4°C. Precipitates formed were dissolved in 0.1 M
NaOH, and the protein was quantitated by spectrophotometry
at 280 nm. Supernates from antigen excess to antibody excess
were used in the chemiluminescence inhibition assay.

PMNchemiluminescence (CL) inhibition assay for the
detection of immune complexes in human sera. Sera (1000
Iul) to be assayed for immune complexes were incubated with
25 .ul normal human sera (NHS) for 30 min in a shaker water
bath at 370C. 5 x 106 PMNwas added to this mixture, and the
incubation continued for another 30 min. The cells were
centrifuged at 300 g for 5 min at 22°C, and the supernate
decanted. The pellet was washed once with RPMI 1640,
centrifuged at 300 g for 5 min and the supernate discarded.
The leukocyte pellet was resuspended in RPMI 1640 to a
volume of 4.5 ml in a siliconized dark-adapted vial. CL was
then measured in a scintillation spectrometer as described
by Allen et al. (6, 7).

Briefly, after completing two preliminary cycles to obtain
background counts, 2.0 mg/ml of opsonized zymosan was
added to each vial after a 1-min delay. Each vial was counted

for 1 min, and counting was continued until a minimum of
10 cycles were completed. CL was measured with a Beckman
scintillation spectrometer, model L230 (Beckman Instru-
ments, Inc., Fullerton, Calif.) operated in the out-of-coinci-
dence mode at room temperature (22°C). For continuous
recording, the summation signal was fed into a Beckman
Ratemeter and then to a Beckman Electronik Strip Chart
Recorder. All additions to the siliconized vials were done
under actinic light.

The CL, as total counts over a stated time interval, was
calculated from measurements of chemiluminescent intensity
(counts per minute) at 10 different 1-min counting periods.
The time between counts was the time required for one cycle
of the sample train (6 min). The percent inhibition of CL
produced by experimental sera was calculated by the
equation:

%inhibition =

counts (untreated) - counts
(experimental sera treated)

counts (untreated)
x 100.

The percent inhibition was then referred to a standard curve
obtained by incubating increased amounts of AHG (10-
10,000 itg) with NHS and control neutrophils, challenging
the cells with opsonized zymosan, and measuring CL. The
amount of immune complexes in each serum tested was
expressed as micrograms AHG equivalent per milliliter
of serum.

Experimental sera. Serum samples were collected from
50 patients. The clinical diagnosis included: 15 with SLE,
30 with RA, and 5 with vasculitis. Controls were 30 healthy
laboratory and hospital personnel, and 30 hospitalized
patients with no suspected immune complex disease. All
serum samples were collected by venipuncture and stored
at -70°C until used in the assay. Assay determinations were
done in duplicate, and many specimens were repeated on
two separate occasions.

RESULTS

Inhibition of CL AHG. AHG, which possesses
many properties of immune complexes (8), was used
in the initial experiments to determine its effects on
CL. Increasing amounts of AHG (0.01-10 mg/ml)
were incubated with NHSand 5 x 106 PMN/ml, and
CL was measured after challenge with opsonized
zymosan. Controls were PMNobtained from healthy
donors, not incubated with AHG, but challenged
with opsonized zymosan. Fig. 1 is a representa-
tive dose-response curve demonstrating that the in-
hibition in CL is directly proportional to the quantity
of AHG added to the neutrophils. Using the area
under each curve, the percent inhibition of integral
CL response was calculated from the mean of triplicate
samples of AHGdone on the same day according to the
following equation: y = a + b x log [xl where y = %
inhibition of CL, a = 5.45, b = 14.90, and x = micro-
grams AHGper milliliter (Fig. 2). The mean percent
inhibition +2 SD of 10 ,ug/ml was 21.33+ 1.8; 100
,ug/ml was 36.28±+1.93; 1,000 jig/ml was 48.93+2.69;
and 10,000 pOg/ml was 65.91±4.23.

Effect of AHGsize on detection by PMNCL inhibi-
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FIGURE 1 Dose-response curve of the inhibition of CL by
AHG. PMN(5 x 106) without AHG (-), 10 yg AHG(- -),
100 Zg AHG(- -), 1,000 ,ig AHG( - ), and 10,000 ug
AHG (--). CL intensity was determined as described in
Methods.

tion assay. To determine the effect of different size
aggregates on the PMNCL inhibition assay, inhibition
of CL was determined for the pooled fractions of AHG
obtained by sucrose density gradient ultracentrifuga-
tion. As demonstrated in Fig. 3, inhibition in CL was

produced by intermediate size complexes. Complexes
19S or greater in size produced more inhibition than
aggregates < 19S. The protein concentration was deter-
mined for each fraction by optical spectrophotometry
at 280 nm, and as demonstrated in Fig. 3, the inhibi-
tion is related to the activity of the complexes.

Effect of complement on binding AHGand BSA-
anti-BSA complexes to PMN. To assess the role of
complement binding immune complexes to PMN, we

depleted complement by heating NHS to 56°C for 30
min. The serum was used in the first incubation step
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FIGuRE 2 Standard curve of PMN-CLinhibition. Each point
represents the mean±2 SD of the percent inhibition of CL
when triplicate samples of AHG(micrograms per milliliter)
were incubated with PMN (5 x 106) and challenged with
opsonized zymosan.
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FiGuRE 3 Sucrose density gradient fractionation of AHG.
14 fractions of dialyzed AHGwere collected and every two
fractions were pooled. CL was determined and the percent
inhibitions are shown by the bars with the positions of the
19 and 7S markers. The curve represents the protein con-

centration of each fraction determined at an ODof 280 nm.

in the PMNCL inhibition assay. Controls were PMN
incubated with NHS as a source of complement. As
shown in Table I, AHGand BSA-anti-BSA complexes
produced more inhibition in chemiluminescence when
complement was available to bind the particles
to the PMN.

Detection of experimental immune complexes. To
determine which types of immune complexes bind
most efficiently to PMN, BSA-anti-BSA complexes from
antigen excess to antibody excess were used in the
PMNCL inhibition assay. The precipitin curve for
the BSA-anti-BSA complexes is shown in Fig. 4.
Undiluted supernates obtained from each point of the
precipitin curve were used in the PMNCL inhibition
assay, and the greatest amount of inhibition in CL
was produced by complexes formed in antigen excess.

As demonstrated in Table II, representative fractions
from antigen excess, equivalence, and antibody excess

were used in the PMNCL inhibition assay. As with
previous supernates, complexes formed in antigen
excess produced the most inhibition in CL.

Detection of immune complexes in human serum.

Because PMNCL could be inhibited by BSA-anti-BSA
complexes and AHG, this assay was used for the
detection and quantitation of immune complexes in
human sera. The amount of immune complexes from
experimental samples was calculated from a standard
curve of AHG and expressed as micrograms AHG
equivalent per milliliter serum.

Sera obtained from 50 patients were assayed for
immune complexes by the PMNCL inhibition assay.

Inhibition of Polymorphonuclear Leukocyte Chemiluminescence
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TABLE I
Effect of Complement on Inhibition of PMNCL

Conditions Percent Inhibition CL*

AHG(100 jig/ml)
With complement 36.30±2.0
Without complementt 29.20±4.0

BSA-anti-BSA§
With complement 28.80±1.6
Without complement 13.80+5.4

* Mean+2 SD of triplicate samples.
4 NHSheat inactivated to 56°C for 30 min.
§ 300 ,ig BSAand 310 jig anti-BSA tested at 1:5 dilution.

Using this technique, >15 ,ug AHGeq/ml were de-
tected in the sera of 9/15 patients with SLE, 18/30
patients with RA, and 2/5 patients with vasculitis. In
contrast, no healthy controls had > 5+2 jig AHG
eq/ml of serum (upper limit of normal), and only 3/30
hospitalized patients without suspected immune com-
plex disease had > 10 ,lg AHGeq/ml of serum (Table III).

In the sera of patients with SLE, the PMNCL
inhibition assay detected immune complexes with a
range of 23 to 1,200 ,ug AHG eq/ml. One patient
had > 1,000 ,ug AHGeq/ml on two separate determina-
tions. Total hemolytic complement was measured in
these sera (Table IV), and the degree of complement
depression correlated well with the immune complex
detection in six of nine patients. However, in some
patients immune complex detection did not correlate
with complement depression. Thus, detection of
immune complexes may be the initial manifestation
of disease exacerbation.

This assay detected immune complexes in the sera

0.02 0.06 0.10 0.14 020 0.30 040

BSA Adedd(mg)
Ab Ecm Ag Excm

FIGuRE 4 Precipitation curve of rabbit anti-BSA with BSA.
Each point represents the amount of protein in the precipitates
quantified at an absorbance of 280 nm. Ab, antibody; Ag,
antigen.

TABLE II
Percent Inhibition of CL by BSA-anti-BSA Complexes

Percent inhibition of CL*

Antigen excesst Equivalence5 Antibody excess'

40.5t 20.5 5.0

* Means of duplicate samples diluted 1:5.
t 300 jig BSA-310 jig anti-BSA.
§ 80 Ag BSA-310 jig anti-BSA.
"5 jig BSA-310 jig anti-BSA.

from 18 of 30 RA patients with a range of 23 to 1,500
,ug AHGeq/ml serum. Two patients had very high
levels of immune complexes, one with > 1,000 AHG
eq/ml, another with 800 jig AHGeq/ml. Patients with
extraarticular manifestations of RA, or those with very
active disease, as supported by an increased erythro-
cyte sedimentation rate, activity index, and advanced
disease by physical exam, were generally positive for
immune complexes. These patients also had a greater
quantity of complexes detected in their sera than
patients with mildly active or inactive disease.

Of the five patients with vasculitis, one had long-
standing RA, with intermittent lower leg ulcers and
palpable purpura. At the time of examination, his
ulcers were resolving and 100 jig AHGeq/ml was
detected in his serum. Four patients had a diagnosis
of idiopathic cutaneous vasculitis. One patient demon-
strated 45 jug AHGeq/ml serum and had a history
of amaurosis fugax, an orchiectomy, a mild hemiplegia,
and intermittent leg ulcers. The other three patients
had palpable purpura with leg ulcers, but immune
complexes were not detected on repeat examinations.

For comparison of this assay with another method
used to detect immune complexes, sera from 16 pa-
tients with active RA were studied by both the Raji
cell assay (kindly performed by Dr. R. Gupta, Denver,

TABLE III
PMN-CL Inhibition Assay for Immune Complexes

in Human Sera

AHG
No. positive

Diagnosis patients Mean Range

pg eq/ml

SLE 9/15 (60) 123 23-1,200*
RA 18/30 (60) 129 17-1,500*
Vasculitis 2/5 72 45-100*
Hospitalized

patients 3/30 (10) 4 0-50t
Normal 0/30 2 0-7t

* Mean and range for positive patients.
4 Mean and range for all subjects.
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TABLE IV
PMN-CL Inhibition Assay for Immune Complexes

in Patients with SLE

Patient AHG CHSO*

sg eqlml

NJ 45 35
MM 23 50
TW 1200 24
GD 32 55
PL 5 80
MS 71 35
MM 32 115
BS 200 80
LW 7 70
TP 0 70
SP 197 30
MJ 34 95
JB 9.5 70
PC 0 15
AG 0 124

* Total hemolytic complement Ni 60-150 U.

Col.) (9, 10) and the PMNCL inhibition assay (Table V).
Of 16 patients, 14 were positive by the Raji cell assay,
and 12 were positive by the PMNCL inhibition assay.
11 sera were positive by both methods, whereas 2
were negative by both assays. Two sera were positive
by the Raji cell assay and negative by the PMNCL
inhibition assay. One patient was positive by the PMN
CL inhibition assay, but negative with the Raji cell
assay. Of the 11 patients with detectable immune
complexes by both assays, the quantity was similar in 6.

DISCUSSION

The results of our study indicate that PMNcan be used
in a CL assay for the detection of immune complexes.
Under normal conditions, phagocytosis of particles by
neutrophils results in metabolic alterations such as
increased hexose monophosphate shunt metabolism
of glucose, activation of an oxidase system, and in-
creased oxygen consumption. A portion of these
metabolic reactions results in generation of electroni-
cally excited oxidation products. Relaxation of these
products to ground state results in light emission
or CL (7).

TABLE V
Immune Complex Detection by Raji Cell

and PMN-CL Inhibition Assays

Raji cell and PMN-CL
Raji cell PMN-CL inhibition inhibition
n = 16 n = 16 n = 16

Positive 14 12 11
Negative 2 4 2

This assay is based on a decrease in the CL response
produced by neutrophils that have been preincubated
with sera containing immune complexes and then
challenged with opsonized zymosan. Previous investi-
gators (11-17) have reported that normal PMNthat
were exposed to immune complexes, immunoglobulin
aggregates, -or zymosan particles, released lysosomal
enzymes. PMNmembrane receptors were stimulated
with initiation of biochemical events. These events
occur with phagocytosis of the particles. However,
they may occur independent of phagocytosis, as a
consequence of leakage of enzymes into the extra-
cellular environments when incompletely closed phago-
somes fuse with lysosomal granules. Thus, in our assay,
the decreased CL response produced by PMNpre-
incubated with immune complexes may be secondary
to a depressed microbicidal function of the PMN
produced during their initial encounter with immune
complexes.

To determine the size of complexes detected by
the PMNCL inhibition assay, sucrose density gradient
studies were performed using AHG. Sucrose density
gradient fractionation of AHGdemonstrated that inter-
mediate-sized complexes and complexes 19S or greater
were best detected by the PMNCL inhibition assay.
Protein quantitation of each fraction demonstrated
that inhibition was related to the activity of the com-
plexes, and although there was some inhibition of the
7S fractions, these contained a significantly greater
amount of protein. This is similar to the Raji cell (10)
and monoclonal rheumatoid factor assays (18) which
also detect immune complexes of intermediate and
large molecular size.

Additional studies to determine the type of immune
complexes detected demonstrated that conmplexes
formed at equivalence to antigen excess produced
the most inhibition in CL. This observation is similar
to the fluid phase Clq binding assay which also detects
immune complexes formed at equivalence to antigen
excess. However, this feature is in contrast to the
Raji cell and the solid phase Clq binding assays, which
are more sensitive for the detection of immune com-
plexes formed in antibody excess (19).

The sensitivity of the PMNCL inhibition assay is
the same as that of the Raji cell assay (10). In our
assay, 7 ,tg AHGequivalence, which is the sensitivity
limit of the Raji cell assay, produced 15% inhibition
in CL. The variation in CL produced by normal controls
in our lab was 6+±4%. This assay is more sensitive than
the Clq precipitation in gel (20) and radiolabeled Clq
polyethylene glycol precipitation methods (21) which
cannot detect AHGat concentrations <50 ug/ml. Thus
the PMN CL inhibition assay offers sensitivity in
detecting immune complexes that is similar to or
greater than assays previously reported.

The effect of complement on the binding of immune
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complexes to the PMNhas been demonstrated in this
study. Henson (11) reported that human PMNhave
receptors for the Fc fragment of immune complexes,
C3b, and immunoglobulin aggregates. Also, other
studies (22-25) suggest that the C3b and Fc receptors
of neutrophils have separate but complementary
functions. The C3b receptor primarily promotes the
attachment of particles to the neutrophil, while the
Fc receptor serves to initiate ingestion of particles.
Our studies with AHGand BSA-anti-BSA support the
concept of C3b serving to enhance binding of immune
complexes to neutrophils. This was demonstrated by
an increased inhibition of CL when complement
was available to bind AHG or BSA-anti-BSA com-
plexes in the first step of the assay.

Our results using AHG and BSA-anti-BSA com-
plexes, encouraged the application of this assay for
the detection of immune complexes in human diseases.
Previous studies have reported a high incidence of
circulating immune complexes in SLE (10, 21, 26-28).
Immune complexes in sera from 9/15 patients with
SLE were detected by the PMNCL inhibition assay.
This is less than the results reported using the Raji
cell assay (10). However, the Raji cell assay tested 92
serial monthly samples from 10 patients. This assay
detected immune complexes in random single serum
specimens from 15 patients. Our results are higher than
those reported using monoclonal rheumatoid factor for
the demonstration of immune complexes (18, 29) but
similar to the results using staphylococci containing
protein A (26) and the 1251-Clq binding assays (21, 27)
in the detection of immune complexes. These differ-
ences may be secondary to the patient population
studied, variations in assay sensitivities, differences
in immune complex size and composition, and varia-
tion in reference curves.

Immune complexes have also been detected fre-
quently in the sera and synovial fluid of patients with
RA (18, 29-32). In this series of 30 patients with
RA, 18/30 had immune complexes detected by the
PMNCL inhibition assay. This is higher than previous
results using monoclonal rheumatoid factor for the
detection of immune complexes (18, 29) but lower than
a recent report by a group using three different assays
(32) (Clq binding, monoclonal rheumatoid factor, and
Raji cell). Again, these percent differences may be
secondary to the population studied or variability in
the tests themselves or reference standards.

In the small group of patients with idiopathic
vasculitis, immune complexes were detected in only
one subject. This low percent is similar to the Raji
cell assay (10) in which 3/8 patients with idiopathic
vasculitis had elevated levels of immune complexes.
Furthermore, investigators recently reported a lower

percentage of detectable immune complexes in lympho-
cytic vasculitis as compared with leukocytoclastic
vasculitis (33). Thus, it is possible that factors other
than immune complex deposition are responsible for
vascular damage. Moreover, either the nature of the
immune complexes or rapid clearance of complexes
from the circulation with deposition in the vessel walls
could limit the detection of immune complexes by the
PMNCL inhibition assay.

Previous assays for the detection of immune com-
plexes have various limitations. Methods using Clq
are limited by interaction from DNA, lipopolysac-
charides, and heparin (1, 19). Assays using polyclonal
rheumatoid factor are unable to quantitate immune
complexes in sera containing rheumatoid factors (1).
Polyethylene glycol precipitation is less sensitive
and may detect spontaneous aggregation of IgG (19).
Antilymphocyte antibodies that are prevalent in SLE
(34) may be limiting factors in the Raji cell assay.
Moreover, because the Raji cell assay employs 1251
radiolabeled anti-human IgG, it does not detect
immune complexes formed by other immunoglobulin
aggregates.

Antineutrophil antibodies, which have been re-
ported in Felty's syndrome (35), could possibly
produce a false positive result in the PMNCL assay.
Also, interference from circulating bacterial endotoxins
could produce inhibition in CL. However, neither of
these limitations have been tested using the PMNCL
inhibition assay. Finally, as in previous assays, the
PMNCL inhibition assay is unable to determine the
antigen component of immune complexes.

At present, numerous assays are available for the
detection of immune complexes in human sera. The
PMNCL inhibition assay described in this report
is simple, quantitative, reproducible, and readily
performed. It is inexpensive and does not require
cumbersome isolation of cells nor the use of radio-
labeled substances. Further efforts are being directed
at application of this assay in the detection of immune
complexes in various other rheumatic and nonrheu-
matic diseases.

ACKNOWLEDGMENTS

The authors are grateful to Mr. Patrick Hattier and Dr. Richard
Stankus for their excellent technical assistance and advice
and to Dr. R. Gupta and Dr. M. Alspaugh for providing
experimental sera that had immune complexes determined
by the Raji cell assay. We also thank Gail White for her
excellent secretarial assistance in the preparation of this
manuscript.

This work was supported in part by National Institutes of
Health grants National Heart, Lung and Blood Institute HL-
07376, HL-15092, and National Institutes of Allergy and
Infectious Diseases AI-13401.

462 N. J. Doll, M. R. Wilson, and J. E. Salvaggio



REFERENCES

1. Lambert, P. H., F. J. Dixon, R. H. Zubler, V. Agnello,
C. Cambiaso, P. Casali, J. Clarke, J. S. Cowdery, F. C.
McDuffie, F. C. Hay, I. C. M. MacLennan, P. Masson,
H. J. Muller-Eberhard, K. Pentinen, M. Smith, G.
Tappeiner, A. N. Theofilopoulos, and P. Verroust. 1978.
A collaborative study for the evaluation of eighteen
methods for detecting immune complexes in serum. J.
Clin. Lab. Immunol. 1: 1-16.

2. Steffalaar, J. W., F. J. W. TenKate, M. Nap, A. J. G. Swaak,
C. B. DeGraaffreitsma, E. H. Van Elven, and T. M.
Feltkamp-Vroom. 1977. Immune complex detection by
immunofluorescence on polymorphonuclear leukocytes.
Clin. Exp. Immunol. 27: 391-396.

3. Camussi, G., C. Tetta, and F. C. Cappio. 1979. Detection
of immune complexes on the surface of polymorphonu-
clear neutrophils. Int. Arch. Allergy Appl. Immunol.
58: 135-139.

4. Matheisz, J. S., and J. C. Allen. 1979. Fatigue of human
polymorphonuclear leukocyte function associated with
bacterial ingestion. Clin. Immunol. Immunopathol. 12:
125-131.

5. Mayer, M. M. 1971. Complement and complement fixa-
tion. In Experimental Immunochemistry. E. A. Kabat
and M. M. Mayer, editors. Charles C Thomas, Publisher,
Springfield, Ill. 2nd edition. 133-139.

6. Allen, R. C., R. L. Sternholm, M. A. Reed, T. B. Harper
III, S. Gupta, R. H. Steele, and W. W. Waring. 1977.
Correlation of metabolic and chemiluminescence re-
sponses of granulocytes from three female siblings with
chronic granulomatous disease. J. Infect. Dis. 136:
510-518.

7. Allen, R. C. 1977. Evaluation of serum opsonic capacity
by quantitating the initial chemiluminescent response
from phagocytizing polymorphonuclear leukocytes. In-

fect. Immun. 15: 828-833.
8. Christian, C. L. 1960. Studies of aggregated y-globulin.

1. Sedimentation, electrophoric and anticomplementary
properties.J. Immunol. 84: 112-116.

9. Gupta, R. C., F. C. McDuffie, G. Tappeiner, and R. E.
Jordan. 1978. Binding of soluble immune complexes to
Raji lymphocytes. Role of receptors for complement
components, Clq and C3-C3b. Immunology. 34: 751-
764.

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

11. Henson, P. M. 1971. Interaction of cells with immune
complexes. Adherence, release of constituents, and tissue
injury. J. Exp. Med. 134: 114S- 135S.

12. Henson, P. M. 1971. The immunologic release of con-
stituents from neutrophil leukocytes. II. Mechanism of
release during phagocytosis and adherence to non-
phagocytosable surfaces. J. Immunol. 107: 1547-1557.

13. Henson, P. M., and Z. G. Oades. 1975. Stimulation of
human neutrophils by soluble and insoluble immuno-
globulin aggregates. Secretion of granule constituents
and increased oxidation of glucose. J. Clin. Invest. 56:
1053-1061.

14. Henson, P. M., H. B. Johnson, and H. L. Spiegelberg.
1972. The release of granule enzymes from human
neutrophils stimulated by aggregated immunoglobulins
of different classes and subclasses. J. Immunol. 109:
1182-1192.

15. Weissmann, G., R. B. Zurier, P. J. Spieler, and I. M.

Goldstein. 1971. Mechanisms of lysosomal enzyme
release from leukocytes exposed to immune complexes
and other particles. J. Exp. Med. 134: 149S- 165S.

16. Goldstein, I. M., F. Feit, and G. Weissmann. 1975.
Enhancement of nitroblue tetrazolium dye reduction by
leukocytes exposed to a component of complement in
the absence of phagocytosis. J. Immunol. 114: 516-518.

17. Johnston, R. B., Jr., and J. E. Lehmeyer. 1976. Elaboration
of toxic oxygen biproducts by neutrophils in a model
of immune complex disease.J. Clin. Invest. 57: 836-841.

18. 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. Radio-
immunoassay with monoclonal rheumatoid factor.J. Clin.
Invest. 56: 458-466.

19. Barnett, E. V., D. W. Knutson, C. K. Abrass, D. S. Chia,
L. S. Young, and M. R. Liebling. 1979. Circulating
immune complexes: Their immunochemistry, detection,
and importance. Ann. Intern. Med. 91: 430-440.

20. Agnello, V., R. J. Winchester, and H. G. Kunkel. 1970.
Precipitin reactions of Clq component of complement
with aggregated y-globulin and immune complexes in
gel diffusion. Immunology. 19: 909-919.

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

22. Mantovani, M. 1975. Different roles of IgG complment
receptors in phagocytosis by polymorphonuclear leuko-
cytes.J. Immunol. 115: 15-17.

23. Scribner, D. J., and D. Fahmey. 1976. Neutrophil
receptors for IgG and complement: their roles in the
attachment and ingestion phase of phagocytosis. J.
Immunol. 116: 892-897.

24. Goldstein, I. M., H. B. Kaplan, A. Radin, and M. Frosch.
1976. Independent effect of IgG and complement upon
human polymorphonuclear leukocyte function. J. Im-
munol. 117: 1282-1287.

25. Newman, S. L., and R. B. Johnston, Jr. 1979. Role of
binding through C3b and IgG in polymorphonuclear
neutrophil function. Studies with trypsin-generated C3b.

J. Immunol. 123: 1839-1846.
26. McDougal, J. S., P. B. Redecha, R. D. Inman, and C. L.

Christian. 1979. Binding of immunoglobulin-G aggre-
gates in immune complexes in human sera to Staphylo-
cocci containing protein-A. J. Clin. Invest. 63: 627-636.

27. 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.

28. Chia, D., E. V. Bamett, J. Yamagata, B. Knutson, C.
Restivo, and D. Furst. 1979. Quantitation and character-
ization of soluble immune complexes precipitated from
sera by polyethylene glycol (PEG).J. Clin. Exp. Immunol.
37: 399-407.

29. 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.
30. Halla, J. T., J. E. Volanakis, and R. E. Schrohenloher.

Inhibition of Polymorphonuclear Leukocyte Chemiluminescence 463



1979. Immune complexes in rheumatoid arthritis sera
and synovial fluids. A comparison of three methods.
Arthritis Rheum. 22: 440-448.

31. Nishimaki, R., K. Kano, and F. Milgrom. 1978. Studies
on immune complexes and rheumatoid arthritis. Arthritis
Rheum. 21: 639-644.

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

33. Mackel, S. E., G. Tappeiner, H. Brumfield, and R. E.
Jordan. 1979. Circulating immune complexes in cutane-
ous vasculitis. Detection with Clq and monoclonal
rheumatoid factor. J. Clin. Invest. 64: 1652-1660.

34. Schoket, A. L., and P. F. Kohler. 1979. Lymphocytoxic
antibodies in systemic lupus erythematosus and clinically
related diseases. Arthritis Rheum. 22: 1060-1062.

35. Faber, V., and P. Elling. 1966. Leukocyte-specific anti-
nuclear factors in patients with rheumatoid arthritis,
Felty's syndrome, and systemic lupus erythematosus
and other diseases. Acta Med. Scand. 179: 257-267.

464 N. J. Doll, M. R. Wilson, and J. E. Salvaggio


