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ABSTRACT In the course of examining polymor-
phonuclear leukocyte (PMN) chemotaxis in patients
with systemic lupus erythematosus (SLE), we have
found a previously undescribed serum inhibitor of
complement (C5)-derived chemotactic activity. Serum
from a 25-yr-old Black female with untreated SLE,
when activated with zymosan, failed completely to at-
tract either her own or normal PMN. Incubation of
normal PMN with the patient’s serum did not affect
their subsequent random motility or chemotactic re-
sponse toward normal zymosan-treated serum (ZTS).
The patient’s serum, however, did inhibit the chemo-
tactic activity of normal ZTS and of column-purified
C5-derived peptide(s), but had no effect on the chemo-
tactic activity of either the synthetic peptide, N-formyl-
methionyl leucyl-phenylalanine or a filtrate prepared
from a culture of Escherichia coli (bacterial chemotac-
tic factor). The inhibitory activity in the patient’s serum
resisted heating at 56°C for 30 min and could be sepa-
rated from C5-derived chemotactic activity in the pa-
tient's ZTS (or normal ZTS that had been incubated
with the patient’s serum) by chromatography on Seph-
adex G-75. Despite its effect on C5-derived chemotac-
tic activity, the patient’s serum did not influence two
other C5-derived biologic activities: PMN lysosomal
enzyme-releasing activity and PMN-aggregating activ-
ity. Chromatography of the patient’s serum (65% am-
monium sulfate pellet) on Sephadex G-200 yielded
three distinct peaks of inhibitory activity. Two were
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heat labile and exhibited other properties of the
previously described chemotactic factor inactivators of
normal human serum. The third and most active peak,
however, resisted heating at 56°C for 30 min, eluted
with an apparent mol wt of 50,000-60,000, and acted
specifically on C5-derived chemotactic activity. This
uniquely specific, heat-stable inhibitor of C5-derived
chemotactic activity has been found thus far in serum
from 4 of 11 patients with active SLE and may account,
in part, for altered host defenses against infections
caused by pyogenic microorganisms.

INTRODUCTION

Infection is a major cause of morbidity and mortality
among patients with systemic lupus erythematosus
(SLE)! (1-4). Whereas treatment with adrenal cortico-
steroids is undoubtedly a contributing factor (3, 4),
there is also considerable evidence that the disease
per se is associated with abnormalities of host defenses
against infection. Staples et al. (4), for example, have
reported that the incidence of infections among pa-
tients with SLE was 10-fold greater than that observed
in patients with rheumatoid arthritis and 5-fold greater
than that observed in a group of patients with nephrotic
syndrome receiving comparable steroid therapy. Fur-
thermore, the infection rate for patients with SLE not
receiving steroid therapy was four times that observed
in similarly treated patients with other diseases. The
majority of infections that occur in patients with SLE
are caused by pvogenic bacteria (3, 4). Consequently,
investigators have begun to examine some of the major
mechanisms of defense against such infections in pa-

! Abbreviations used in this paper: C, complement; EGTA,
ethylene glycol-bis (beta-aminoethyl ether) N,N’-tetra-acetic
acid; N-formyl-metleu-phe, N-formylmethionylleucyl-
phenylalanine; PMN, polymorphonuclear leukocyte(s); RBC,
erythrocytes; SLE, systemic lupus erythematosus; ZTS, zymo-
san-treated serum.
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tients with SLE. Particular attention has been directed
at the complement system and the function of periph-
eral blood polymorphonculear leukocytes (PMN) (5-10).

PMN are essential to normal host defenses by virtue
of their ability to seek out, recognize, ingest, and kill
invading microorganisms (11). This requires a series
of discrete steps; the first of which is directed migra-
tion (chemotaxis) of the cells toward invading patho-
gens. Such directed migration of PMN is mediated
largely by those fluid-phase components of the comple-
ment system that are generated after activation of either
the classic or alternative complement pathways (12, 13).

Abnormalities of PMN chemotaxis have already been
reported in some patients with SLE. For example,
PMN from a small number of untreated patients have
been found to migrate abnormally toward standard chem-
otactic stimuli (7, 9). In contrast to this apparent cellu-
lar abnormality, Clark et al. (10) have found reduced
complement-derived chemotactic activity in endo-
toxin-activated serum from 10 of 23 patients with SLE.
PMN from all of these patients appeared to migrate
normally toward a standard complement-derived stim-
ulus. The precise nature of the abnormality observed in
sera from these patients was not determined. Reduced
chemotactic activity in endotoxin-activated serum
could result either from a defect in the complement
system (e.g. deficiency of one or more components)
from which this activity is derived or to inactivators
(or inhibitors) of chemotactic factors. Whereas the for-
mer possibility was investigated to some extent by
these authors (and excluded), the latter was not.

In the course of examining PMN chemotaxis in pa-
tients with SLE, we also have encountered abnormali-
ties of complement-derived chemotactic activity in
some activated sera (5 of 11 sera studied). As an ex-
planation for some of these abnormalities, we have
found in four of these sera a uniquely specific, reversi-
ble inhibitor of complement (C5)-derived chemotactic
activity. Some of the properties of this inhibitor are
described in this report.

METHODS

Preparation of leukocyte suspensions and sera. Venous
blood (32 ml) from healthy adult donors and from patients
with SLE was allowed to sediment at room temperature after
mixing with 8.0 ml acid-citrate dextrose (National Institutes
of Health formula A) and 20 ml 6.0% dextran (average mol
wt 234,000) (Sigma Chemical Co., St. Louis, Mo.) in 140 mM
NaCl. 35 ml of 0.87% NH,Cl was added to 15-ml aliquots
of the leukocyte-rich supernates, and the mixtures were cen-
trifuged at 155 g for 10 min. Pellets were washed once with
140 mM NaCl and finally suspended in phosphate-buftered
saline (Dulbecco’s phosphate-buffered saline, Grand Island
Biological Co., Grand Island, N. Y.) supplemented with 0.6
mM CaCl,, 1.0 mM MgCl,, and 2.0% (wt/vol) bovine serum
albumin (Grand Island Biological Co.), and adjusted to
pH 7.4. This buffer was used throughout. Cell suspensions
contained approximately 85% PMN.
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Venous blood from normal volunteers and patients with
SLE was allowed to clot at room temperature. Serum obtained
after centrifugation was either used fresh or stored in aliquots
at —70°C.

The criteria for diagnosis of SLE were those of the American
Rheumatism Association (14). Clinical manifestations, such as
fever, skin rash, arthritis, serositis, and glomerulonephritis,
were used to arrive at the diagnosis of SLE activity. All
of the patients studied had active disease by these criteria.
None, however, was infected or azotemic at the time of study.

Chemotactic factors. C5-derived chemotactic activity was
generated in fresh or frozen (—70°C) serum by adding zymosan
(1.0 mg/ml; ICN Nutritional Biochemicals Div., International
Chemical and Nuclear Corp., Cleveland, Ohio) (15). After 15
min of incubation at 37°C, the zymosan-serum suspension
was centrifuged at 3,000 g for 10 min. The particle-free super-
nate was either used directly (diluted with buffer as indicated
for each experiment) or chromatographed in a 2.6 x 40-cm
column of Sephadex G-75 (Pharmacia Fine Chemicals, Piscat-
away, N. J.) employing phosphate (10 mM)-buttered 140 mM
NaCl, pH 7.4, as the eluant. Filtration was performed at
4°C at a rate of 10 ml/h. Fractions were assayed for C5-derived
chemotactic activity, as previously described (15, 16), and
those with peak activity were employed in the experiments
described below. The bulk of evidence regarding the identity
of the chemotactic activity generated in zymosan-treated
serum (ZTS) and isolated by Sephadex G-75 chromatography
indicates that it is a low molecular weight (approximately
17,000 daltons) product of C5 (15, 16). The chemotactic ac-
tivity is resistant to heat (56°C for 30 min) and is inhibitable
by antibodies to human C5, but not by those to human C3.
The protein content of fractions was determined by the
method of Lowry et al. (17).

Other chemoattractants included the synthetic peptide, N-
formyl-methionylleucylphenylalanine (N-formyl-met-leu-phe;
Peninsula Laboratories, Inc., San Carlos, Calif.) (18, 19) and
bacterial chemotactic factor from Escherichia coli. The latter
was prepared by the method described by Ward et al. (20).

PMN chemotaxis. PMN random motility and directed mi-
gration (chemotaxis) were assessed by employing the “leading
front” method of Zigmond and Hirsch (21). Aliquots (0.8 ml)
of leukocyte suspensions (containing 2.5 x 10 PMN/ml) were
added to the upper compartments of modified Boyden cham-
bers (Nucleopore Corp., Pleasanton, Calit.). These were sepa-
rated from the lower compartments (containing buffer or dilu-
tions of chemoattractants) by 3.0-um (pore diameter) cellulose
nitrate micropore filters (Sartorius, Filters, Inc., San Francisco,
Calif.). Chambers containing cells and chemoattractants were
incubated at 37°C for 45 min in an atmosphere of 5% CO,
and 100% humidity. The filters were then removed, fixed in
methanol, stained with hematoxylin, dehydrated in ethanol,
and cleared in xylene. The response of PMN either to bufter
alone (random motility) or to chemotactic stimuli is reported
as the distance the leading front of cells migrated into the
filter (micrometers/45 min). Triplicate chambers were ewm-
ployed in each experiment and 10 fields were examined in
each filter.

For experiments in which unactivated serum was added
to the lower compartments of the modified Boyden chambers,
concentrations were chosen that did not by themselves en-
hance PMN migration in excess of that observed when al-
bumin-containing buffer was employed alone. Thus, there was
no further enhancement of the chemokinetic eftect of albumin
in this experimental assay system (21, 22).

Lysosomal enzyme release from PMN.  Lysosomal enzyme
release from cytochalasin B-treated PMN exposed to ZTS was
measured as previously described (15, 23). Aliquots (0.5 ml)
of leukocyte suspensions containing 4 x 108 PMN were dis-



pensed into 10 X 75-mm polypropylene tubes. Cells were pre-
incubated with cytochalasin B (5.0 ug/ml) (ICI Research Lab-
oratories, Alderley Park, Cheshire, Eng.) in 0.1% dimethyl
sulfoxide (Matheson, Coleman & Bell, East Rutherford, N. J.)
at 37°C for 10 min before addition of ZTS. This concentration
of dimethyl sulfoxide did not influence enzyme release or
enzyme assays. After incubation for 60 min at 37°C, the tubes
were centrifuged at 755 g for 10 min and the cell-free super-
nates removed for enzyme assays. Activity in these supernates
of the lysosomal marker enzyme, beta glucuronidase was de-
termined after 18 h of incubation with phenolphthalein glu-
curonidate (Sigma Chemical Co.) as substrate (24). The cyto-
plasmic enzyme, lactate dehydrogenase was determined by
the method of Wacker et al. (25). Release of lactate dehydrog-
enase was used as an indicator of cell viability (15, 23). En-
zyme activity released into supernates during the experi-
mental period is expressed as percent of the total activity
recoverable from simultaneously run duplicate reaction mix-
tures to which had been added the detergent, Triton X-100
(0.2% volivol) (Rohm and Haas Co., Philadelphia, Pa.). All
values were corrected for background enzyme activity in me-
dium blanks.

PMN aggregation. Aggregation of PMN by ZTS was meas-
ured as previously described (26, 27). For these experiments,

purified preparations of PMN were obtained by means of

Ficoll-Hypaque gradients (Pharmacia Fine Chemicals) (28).
Reaction mixtures consisted of 1 X 107 PMN, cytochalasin B
(5.0 ug/ml), and serum in a volume of 1.0 ml. Aggregation
(change in light transmission, AT) was recorded with a stand-
ard platelet aggregometer/recorder system (model 300 BD,
Payton Associates, Buffalo, N. Y.). The recorder was calibrated
at maximal light transmission with a 50% (vol/vol) dilution
of the PMN suspension. Experiments were performed in sili-
conized cuvettes at 37°C and at a stirring speed of 900 rpm.

Alternative complement pathway activation in serum.
Normal human erythrocytes (RBC) were rendered susceptible
to complement-mediated lysis by treatment with dithiothrei-
tol (Sigma Chemical Co.) (29, 30). Venous blood from normal
volunteers was defibrinated in 125-ml Erlenmeyer flasks con-
taining glass beads. After centrifugation at 100 g for 15 min,
the supernate and bufty coat were removed. The RBC were
then washed three times in phosphate (10 mM)-buftered sa-
line, pH 8.0. Approximately 2.0 ml of packed RBC was then
added to 8.0 ml 0.2 M dithiothreitol in the same bufter and
incubated for 20 min at 37°C. The RBC were then washed
repeatedly with buffer until the supernate was clear of the
hemoglobin. The washed RBC were finally suspended in
Veronal-buftered saline, pH 7.4. Reaction mixtures containing
RBC, 10 mM ethylene glycol-bis(8-aminoethyl ether) N,N'-
tetraacetic acid (EGTA), 10% (vol/vol) serum, and other addi-
tions in a final volume of 0.5 ml were incubated at 37°C for
30 min and then centrifuged at 1,000 g for 10 min at 4°C.
Cell-free supernates were assayed for hemoglobin with Drab-
kin’s solution as previously described (29). Results are ex-
pressed as the percent of total hemoglobin released into super-
nates from reaction mixtures containing 0.1% Triton X-100.

Other compounds and reagents. “Pronase” (protease from
Streptomyces griseus) and trypsin were obtained as insoluble
enzymes attached to carboxymethyl cellulose and polyacryla-
mide, respectively (Sigma Chemical Co.). Compounds used
for calibration of Sephadex columns were obtained from
Pharmacia Fine Chemicals, Inc. (blue dextran) and Sigma
Chemical Co. (ovalbumin, cytochrome c¢).

RESULTS

Abnormalities of chemotactic activity in zymosan-
treated SLE sera.  Sera obtained from 11 patients with

SLE were activated with zymosan and examined for
chemotactic activity. ZTS from five of these patients
failed to attract PMN comparably to normal ZTS (see
below). ZTS from one of these patients (R. J.), a 25-
yr-old Black female with newly diagnosed untreated
SLE, failed completely to attract normal PMN (Table
I). Migration toward R. J. ZTS did not exceed that ob-
served when only buffer containing albumin was added
to the lower compartments of the modified Boyden
chambers (random motility). To exclude the possibility
that this apparent absence of chemotactic activity in
R. J. ZTS was due to the presence of an irreversible
inhibitor of cell motility, normal PMN were incubated
with R. J. serum for 30 min at 37°C, washed with buffer,
and examined for chemotactic responsiveness. As can
be seen in Table I, such treatment of normal PMN
did not affect their subsequent random motility or
chemotactic response toward normal ZTS. Further-
more, the patient’s own PMN were capable of migrat-
ing in a directed fashion toward the same stimulus.
As was the case with normal PMN, however, R. J. PMN
exhibited only random motility in response to R. J.
ZTS.

Complement activation in normal vs. R. ]J. serum.
Inasmuch as levels of C3 and C4 (measured immuno-
chemically) in R. J. serum were modestly reduced (72
and 8 mg/dl, respectively), it was possible that the ap-
parent absence of chemotactic activity in R. J. ZTS
was due either to a deficiency of one or more com-

TABLE I
Absence of Chemotactic Activity in R. J. ZTS

Additions to

Upper PMN
compartment Lower compartment n migration
umis
min+SE
Buffer (random motility) 5 82.4+1.6
Normal PMN  Normal ZTS* 5 123.5*6.1%
R.J. ZTS 5 78.9+2.5§
Normal PMN
+R.J.
serum’ Normal ZTS 2 119.5+3.1
Buffer 2 81.7+1.8
R. J. PMN Normal ZTS 2 118.8+34
R.J. ZTS 2 80.8+1.6

*ZTS was emploved at a concentration of 10% (vol/vol).
PMN and normal serum were obtained from five different
donors; n = number of experiments.

{ P vs. random motility <0.001 (Student’s t test).

§ P vs. random motility >0.1 (Student’s ¢ test).

"Normal PMN from two different donors were incubated
with 10% (vol/vol) R. J. serum (37°C for 30 min) and washed
twice with buffer.
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TABLE II
Complement Activation in Normal vs. R. J. Serum

Additions to dithiothreitol-treated RBC* n Hemolysis}
%
Normal serum 3 3.4+0.9
R. J. serum 3 3.6x1.1
Normal serum + zymosan, 1.0 mg/ml 3 39.6+2.5§
R. J. serum + zymosan 3 42.3+3.0§

* See Methods. Reaction mixtures contained 10 mM EGTA.
{ Expressed as percent of total hemoglobin released (+SE)
by 0.1% (vol/vol) Triton X-100; n = number of experiments.
§ P vs. serum alone <0.001 (Student’s t test).

plement components or to an abnormality of comple-
ment activation, as consequences of her disease. This
possibility was explored by measuring alternative com-
plement pathway activation by zymosan in EGTA-
treated normal vs. R. J. serum. As targets, we employed
unsensitized RBC rendered susceptible to comple-
ment-mediated lysis by treatment with dithiothreitol
(29, 30). Addition of zymosan to EGTA-treated R. J.
serum caused hemolysis comparable to that observed
when EGTA-treated normal serum was employed as a
source of complement (Table II). Thus, no gross ab-
normalities of alternative complement pathway activa-
tion by zymosan in R. J. serum could be detected.
Effect of R. J. serum on chemotactic activity in nor-
mal ZTS. Incubation for 30 min at 37°C of normal
ZTS with either fresh or heated (56°C for 30 min) nor-
mal serum had no effect on chemotactic activity (Table
III). Similar treatment with R. J. serum (fresh or
heated), however, resulted in a dose-dependent diminu-
tion of chemotaxis (Table III and Fig. 1). As little

TABLE I11
Effect of Normal vs. R. J. Serum on Chemotactic
Activity in ZTS

Stimulus n PMN migration

pm/45 min+=SE

Buffer (random motility) 3 82.2+1.1
Normal ZTS 3 114.7+4.3
+ normal serum* 2 116.6+5.5
+ normal serum (heated)* 2 115.8+3.7
+ R. ]. serum* 3 82.7+0.7
+ R. J. serum (heated)* 3 81.1+0.3
Normal ZTS + R. J. serum{ 2 116.1+2.4

* ZTS was preincubated with fresh or heated (56°C for 30
min) serum (1:1, vol/vol) at 37°C for 30 min. Final concen-
tration of ZTS was adjusted to 3.0% (vol/vol) before addition
to stimulus compartment; n = number of experiments.

{ ZTS was mixed (1:1) with R. J. serum without preincubation
and employed as described above.
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as 5.0 ul of R. J. serum was capable of causing sig-
nificant inhibition of chemotactic activity when pre-
incubated with 100 ul of normal ZTS. When R. J. serum
was added to normal ZTS without preincubation, how-
ever, no inhibition of chemotaxis was observed. Thus,
it was possible to distinguish further between an ef-
fect of R. J. serum on the chemotactic activity in normal
ZTS vs. an effect on the PMN.

Specificity of inhibitory activity in R. J. serum. In
contrast to the effect of R. J. serum on the chemotactic
activity in normal ZTS, no inhibitory effect was ob-
served when this serum was incubated with various
concentrations (all suboptimal) of either the bacterial
chemotactic factor from E. coli or the chemotactic syn-
thetic peptide, N-formyl-met-leu-phe (Table IV). R. J.
serum did, however, inhibit the activity of the chemo-
tactic C5-derived peptide obtained after Sephadex G-
75 chromatography of normal ZTS.

Reversibility of the inhibitory effect of R. ]J. serum
on C5-derived chemotactic activity. Normal ZTS and
R. J. ZTS were subjected to molecular sieve chromatog-
raphy on Sephadex G-75. Fractions were assayed for
chemotactic activity and for inhibitory activity (by in-
cubation with fresh normal ZTS) (Fig. 2). As expected,
normal ZTS vielded a major peak of chemotactic ac-
tivity in the molecular weight range of 15,000-20,000
daltons (Fig. 2A). This peak corresponded to C5-de-
rived chemotactic activity as evidenced by resistance
to heating at 56°C for 30 min and susceptibility to in-
activation by antibody to human C5 (15, 16). Identical
C5-derived chemotactic activity was recovered when
R. J. ZTS (originally devoid of such activity, see Table
I) was chromatographed. Chromatography of R. J. ZTS
also yielded inhibitory activity in fractions eluting with
the void volume (solid bars in Fig. 2B). No such inhibi-
tory activity was recovered from normal ZTS (Fig. 2a).
Thus, we were able to separate inhibitory from chemo-
tactic activity in R. J. ZTS.

& 8 8 8
T 1T 1

n
o
T

Inhibition of Chemotaxis (%)

L

5 25 5 75 100
R.J. Serum Added to 100 I Normal ZTS {pnl)

FIGURE 1 Inhibition by R. J. serum of chemotactic activity
in normal ZTS. Normal ZTS (100 ul) was preincubated at
37°C for 30 min with various amounts of R. J. serum before
addition to stimulus compartment. Final concentration of ZTS
was 10% (vol/vol). In the absence of R. J. serum, PMN
migration was 148.0 um/45 min. Random motility (100% in-
hibition of chemotaxis) was 82.0 um/45 min.



TABLE IV
Specificity of Inhibitory Activity in R. ]J. Serum

Stimulus

PMN migration

n Normal serum* R. J. serum*

Buffer (random motility)

. s (3.0%, vol/vol)
Bacterial chemotactic factor (2.0%, volivol)

N-formyl-met-leu-phe 80“;?;)
C5-derived chemotactic peptide} E;i ZZZB

um/45 min+SE

3 92.0+0.8 90.5+0.9
3 112.5+0.7 113.3+0.7
3 102.1+0.8 102.8+0.8
2 123.7+0.9 122.2+0.8
2 102.7+0.7 102.3+0.8
3 144.0+1.0 114.2+0.8
3 123.1+0.9 101.3+x1.2

* Stimuli were preincubated with either heated (56°C for 30 min) normal serum or
heated R. J. serum (1:1, vol/vol) at 37°C for 30 min. The final concentration of serum
in the stimulus compartment was 3.0% (vol/vol). Experiments were performed using
PMN from a single donor; n = number of experiments.

1 Pooled fractions after Sephadex G-75 chromatography of normal ZTS (see Methods);
expressed as micrograms protein per milliliter.

Results identical to those shown in Fig. 2 were ob-
tained when mixtures of normal ZTS plus R. J. serum
or normal ZTS plus normal serum (after preincubation)
were chromatographed on Sephadex G-75. The mixture
of normal ZTS plus R. J. serum, which was originally
devoid of chemotactic activity (Table 11I), yielded both

A Normal ZTS
80} BlueDextran Cytochromec 4 40
60 ‘
4or
20

El Inhibition of Chemotaxis (%)

30 40 50 60 70
Eluate Volume (ml)

§Y C5- Derived Chemotactic Activity (g#m/45min)

FIGURE 2 Sephadex G-75 chromatography of ZTS for chemo-
tactic activity (hatched bars) and inhibitory activity (solid
bars): (A) Normal ZTS; (B) R. J. ZTS. Aliquots of fractions
were either diluted 1:1 (vol/vol) with buffer to assay for
chemotactic activity or were preincubated (1:1, vol/vol) with
4.0% (vol/vol) normal ZTS at 37°C for 30 min to assay for
inhibitory activity. Final concentration of ZTS was adjusted
to 1.3% (vol/vol).
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inhibitory and C5-derived chemotactic activity after
chromatography. Normal ZTS plus normal serum
yielded only chemotactic activity. Again, inhibition of
C5-derived chemotactic activity by the factor(s) in R. J.
serum appeared to be reversible.

Characterization of the inhibitory activity in R. ].
serum. Stepwise fractionation of R. J. serum with am-
monium sulfate yielded inhibitory activity in the 45%
supernate and in the 65% pellet. The redissolved 65%
ammonium sulfate pellet from R. J. serum was applied
to a column (2.6 X 70 c¢cm) of Sephadex G-200 and
eluted with phosphate (10 mM)-buffered 140 mM
NaCl, pH 7.4. When fractions were assayed by incuba-
tion with normal ZTS, three distinct peaks of inhibitory
activity could be discerned (Fig. 3). Inhibitory activity
in peaks I and II was destroyed completely by heating
at 56°C for 30 min, whereas the inhibitory activity in
peak III (mol wt 50,000-60,000 daltons) was resistant
to this treatment. Furthermore, fractions from peak I1I
had the same profile of inhibitory activity as whole R. J.
serum. This inhibitory activity could be abolished by
heating at 80°C for 30 min and by treatment with pro-
nase (0.8 U/ml of insoluble enzyme for 30 min at 37°C).
It was only partially destroyed (30% loss of activity)
by treatment with trypsin (1.6 U/ml of insoluble en-
zyme for 30 min at 37°C).

Chromatography on Sephadex G-200 of a 65% am-
monium sulfate pellet of normal serum yielded only
the two heat-labile peaks of inhibitory activity (Fig. 4).
The properties of peaks I and II were identical to those
described by Berenberg and Ward (31) for the amino-
peptidase-like chemotactic factor inactivators of normal
human serum. The inhibitory activity in peak III, how-
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FIGURE 3 Sephadex G-200 chromatography of R. J. serum
(65% ammonium sulfate pellet) for inhibitory activity. Ali-
quots of fractions were preincubated (1:1, vol/vol) with
4.0% (vol/vol) normal ZTS as described in Fig. 2.

ever, has not previously been described and almost
certainly accounts for the inhibitory activity demon-
strated in whole R. J. serum and serum from other
patients with SLE (see below).

Effect of R. J. serum on other C3-derived biologic
activities in ZTS. The effect of R. J. serum on two
other C5-derived biologic activities in ZTS was exam-
ined. Addition of ZTS to cvtochalasin B-treated PMN
provokes the selective discharge from these cells of
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FIGURE 4 Sephadex G-200 chromatography of normal serum
(65% ammonium sulfate pellet) for inhibitory activity (see
Fig. 3).
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lysosomal, but not cytoplasmic, constituents (15, 23)
and simultaneously causes PMN aggregation detecta-
ble by standard nephelometric techniques (26, 27).
PMN lysosomal enzyme-releasing activity and PMN-
aggregating activity in normal ZTS are heat stable, sus-
ceptible to inhibition by antibodv to human C5, and
can be recovered after chromatography on Sephadex
G-75 in the same fractions that contain C5-derived
chemotactic activity. These findings have led to the
suggestion that these activities are properties of sim-
ilar, if not identical, peptides cleaved from C5 as a
consequence of complement activation (23, 26). The ef-
fects of R. J. serum on PMN lysosomal enzyme-releas-
ing activity and PMN-aggregating activity in normal
ZTS are shown in Table V and Fig. 5, respectively.
In contrast to what was observed with C5-derived chem-
otactic activity, neither of these other C5-derived bio-
logic activities was affected by R. J. serum. This was
the case even when a wide range of ZTS concentra-
tions (1.0-10%, vol/vol) were emploved in these ex-
periments (data not shown). Thus, the lack of inhibi-
tion by R. J. serum could not be accounted for simply
by the possibility that there was a vast excess of C5-
derived peptide(s) in these reaction mixtures. More-
over, R. J. ZTS, which was incapable of provoking a
chemotactic response by PMN, was perfectly capable
of stimulating PMN lysosomal enzyme release (Table
V) and PMN aggregation (results not shown). Thus,
the inhibitory activity in R. J. serum appeared to be
directed specifically toward C3-derived chemotactic
activity and failed to influence at least two other bio-
logic activities attributed to C5-derived peptides.
Studies with sera from other patients with SLE.  As
indicated above, serum from R. J. and from four other

TABLE V
Effect of R. ]. Serum on C5-Derived PMN Lysosomal
Enzyme-Releasing Activity

Total enzyme releasedt

Additions to cytochalasin Lactate
B-treated PMN* B-Glucuronidase dehydrogenase
%
Normal serum 3.1+0.6 2.6+0.4
R. J. serum 3.3+0.5 2.8+0.5
Normal ZTS + normal serum’ 164+1.5 3.1+0.6
Normal ZTS + R. ]J. serum" 155+1.3 2.5+0.5
R.J.ZTS 16.7+1.7 2.9+04

*PMN were preincubated with cytochalasin B (5.0 ug/ml)
at 37°C for 10 min before exposure to serum for 30 min.

1 Percent of total activity released by 0.2% (vol/vol) Triton
X-100. Mean+=SEM of four experiments.

"ZTS was preincubated with heated (56°C for 30 min) serum
(1:1, vol/vol) at 37°C for 30 min. Final concentration of ZTS
was adjusted to 5.0% (vol/vol).



(A) Normal ZTS + Normal Serum

(B) Normal ZTS+ RJ Serum
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FIGURE 5 Effect of normal vs. R. J. serum on PMN aggre-
gating activity in ZTS. Normal ZTS was preincubated (1:1,
vol/vol) with either normal serum or R. J. serum at 37°C for
30 min. Final concentration of ZTS was 5.0% (vol/vol). (A)
Normal ZTS plus normal serum; (B) normal ZTS plus R. J.
serum; (C) normal serum (5.0%, vol/vol). Change in light
transmission (AT) immediately upon addition of serum is
dilution artifact.

patients with SLE, when activated with zymosan,
failed to attract PMN comparably to normal ZTS (Table
VI). These same sera were also found capable of in-
hibiting C5-derived chemotactic activity after incuba-
tion with normal ZTS. All but the serum obtained from
patient M. R. retained such inhibitory activity after
heating at 56°C for 30 min. When these sera were ex-
amined for effects on the bacterial chemotactic factor
from E. coli, only M. R. serum was found to have in-
hibitory activity (which was heat labile). It is very
likely, therefore, that whereas M. R. serum contained
only increased amounts of the previously described
heat-labile chemotactic factor inactivator(s) (31-33),
sera from the other four patients contained heat-stable
inhibitory activity specifically directed against the C5-
derived chemotactic peptide(s) in ZTS. When serum
from one of these patients (L. M.) was also subjected

to ammonium sulfate fractionation and chromatography
on Sephadex G-200, three peaks of inhibitory activity
were found which were identical in every respect with
the inhibitory activity isolated from R. J. serum (see
Fig. 3). Obviously, too few patients with SLE were
examined to determine whether the presence of such
inhibitory activity correlated with any specific clinical
or laboratory parameters of disease activity.

DISCUSSION

Serum from 5 of 11 patients with SLE, when activated
with zymosan, attracted PMN to a lesser extent than
similarly treated normal serum. These results are re-
markably comparable to those previously reported by
Clark et al. (10). ZTS from one patient (R. ].) failed
completely to provoke a chemotactic response from
either her own PMN or PMN from normal donors (Ta-
ble I). Three possibilities to explain the apparent ab-
sence of C5-derived chemotactic activity in this pa-
tient’s ZTS were examined. Firstly, experiments were
performed to determine whether this patient’s serum
contained an irreversible inhibitor of PMN motility.
Such inhibitors have been described previously in pa-
tients with recurrent infections (34, 35) and in patients
with IgA myelomas (36). This possibility was excluded
not only by the finding that incubation of normal PMN
with the patient’s serum failed to influence their sub-
sequent random motility and chemotactic response to
normal ZTS, but also by the demonstration that the
patient’s own PMN responded normally to this same
stimulus (Table I). Moreover, R. J. serum did not in-
fluence the migration of normal PMN toward other chem-
otactic stimuli (Table IV).

Secondly, studies were performed to determine
whether there was an abnormality of chemotactic fac-
tor generation in the patient’s serum as a consequence

TABLE VI
Chemotactic Factor Inhibitory Activity in SLE Sera

PMN migration—source of serum}

Stimulus* Normal R.]J. L. M. P.G. M.C. M. R.

um/45 min
ZTS 131.0 78.9 1180 1176 1155 1133
Normal ZTS + serum' 137.5 82.7 111.0 1160 115.1 114.1
Normal ZTS + heated serum' 131.1 81.1 1140 1144 1164 1295
Bacterial chemotactic factor + serum" 100.0 101.3 1004 108.6 101.5 84.0
Bacterial chemotactic factor + heated serum'" 101.5 102.1 100.8 106.9 102.4 102.6

*ZTS and bacterial chemotactic factor were employed at final concentrations of 5.0 and 2.0%

(vol/vol), respectively.

1 Results represent the mean of two experiments performed with PMN obtained from two different

donors. Random motility was 81.5 um/45 min.

"Stimuli were preincubated with fresh or heated (56°C for 30 min) serum at 37°C for 30 min.
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of either a defect in complement activation or a de-
ficiency of complement components. Whereas levels
of C3 and C4 (measured immunochemically) were
modestly low in the patient’s serum, no major abnor-
malities of complement function could be detected.
Studies employing RBC rendered susceptible to com-
plement-mediated lysis by treatment with dithiothrei-
tol, revealed no gross abnormalities in the patient’s
serum of either alternative complement pathway acti-
vation by zymosan or hemolytic function (Table II).
Furthermore, treatment of the patient’s serum with
zymosan resulted in the generation of C5-derived PMN
lysosomal enzyme releasing activity (15, 23) (Table V)
and PMN aggregating activity (26, 27) (Fig. 5) in
amounts comparable to those generated in normal se-
rum. These latter findings suggested not only that there
were no major abnormalities involving C5, but also that
C5 was being cleaved to yield biologically active pep-
tides as a consequence of activation of the alternative
complement pathway by zymosan.

Finally, studies were performed to determine whether
the patient’s serum contained an inhibitor or inactivator
of complement (C5)-derived chemotactic activity. In-
deed, “mixing” experiments yielded results that were
quite consistent with this possibility (Table III). Sig-
nificant inhibition of chemotactic activity was observed
when 5 ul of R. J. serum was preincubated (37°C for
30 min) with 100 ul of normal ZTS (Fig. 1). That the
inhibitory activity was directed against the chemotactic
factor(s) in ZTS and not against the PMN was evident
from the observation that mere mixing of R. J. serum
with normal ZTS (without preincubation) failed to
cause inhibition of chemotactic activity (Table III).

The inhibitory activity in R. J. serum resisted heating
at 56°C for 30 min, was specific for the C5-derived
chemotactic peptide(s) in ZTS (Table 1V), and was re-
versible. Both inhibitory and chemotactic activities
could be recovered when R. J. ZTS was chromato-
graphed on Sephadex G-75 employing phosphate-buf-
fered 140 mM NaCl as the eluant (Fig. 2). Separation
of intact chemotactic and inhibitory activities was also
obtained when mixtures of R. J. serum and normal ZTS
were similarly subjected to molecular sieve chromatog-
raphy.

Chromatography of R. J. serum (65% ammonium sul-
fate pellet) on Sephadex G-200 yielded three distinct
peaks of inhibitory activity (Fig. 3). Two were heat
labile (56°C for 30 min) and also inhibited the bacterial
chemotactic factor (results not shown), whereas the
third and most active peak (in the molecular weight
range of approximately 50,000-60,000) was resistant
to heating at 56°C for 30 min and inhibited only C5-
derived chemotactic activity. Identical results were ob-
tained with serum from another patient (L. M.). Simi-
larly treated normal serum, however, yielded only the
two heat-labile peaks of inhibitory activity (Fig. 4).
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Thus, the properties of the major inhibitory activity
in whole R. J. serum (and L. M. serum) appear to be
quite distinct from the properties of the previously de-
scribed chemotactic factor inactivators (31-33). The
latter irreversibly inactivate diverse chemotactic stim-
uli, are of higher molecular weight, are heat labile, and
are present in small amounts in normal human serum.
Increased amounts of these heat-labile inactivators
have been found in patients with sarcoidosis (37),
Hodgkin’s disease (38), hepatic cirrhosis (39), and lep-
romatous leprosy (40). Levels of activity in patients
with SLE have not previously been reported. At least
one of our SLE patients (M. R.) appeared to have in-
creased levels of chemotactic factor inactivator(s) in
her serum (Table VI). Of 11 patients examined thus
far, 4 had only heat-stable inhibitory activity specifi-
cally directed at the C5-derived chemotactic peptide(s)
in ZTS. Although an insufficient number of patients
have been studied, preliminary observations seem to
indicate a correlation between the presence of the in-
hibitor and disease activity. R. J. serum exhibited maxi-
mal inhibition of C5-derived chemotactic activity at the
time the diagnosis of SLE was established and before
any treatment was instituted. The inhibitory activity
in her serum subsequently decreased by 50% after 3
mo of treatment with prednisone, at a dose of 60 mg/
day. 9 mo later, when her disease was considered to
be in remission, R. J. serum failed to show any inhibi-
tory activity. Similar results have been noted in two
other patients (P. G. and L. M.).

Neither the nature of the inhibitor of C5-derived chem-
otactic activity in these SLE sera nor its precise mech-
anism of action can be determined from the studies
reported here. Its specificity and failure to inactivate
C5-derived chemotactic activity irreversibly suggest
that it is capable of merely associating with relevant
peptides rather than altering them enzymatically. Fur-
ther delineation of its mechanism of action must await
precise identification of the biologically active peptides
derived from C5 as a consequence of complement ac-
tivation. Whereas one of these peptides, the C5a ana-
phylatoxin, has been purified to homogeneity and dem-
onstrated to have chemotactic and PMN lysosomal en-
zyme-releasing activities (41-43), it remains unclear
whether this peptide accounts for the bulk of the chemo-
tactic activity generated in whole serum by comple-
ment activation (12, 44-47). The possibility remains
that there are a number of closely related C5-derived
peptides that possess similar biologic activities, either
singly or in combination.

Human C5a is rapidly converted to C5ages arg by a
potent carboxypeptidase (i.e. carboxypeptidase B, ana-
phylatoxin inactivator) in serum or plasma (48). The
des Arg form of C5a is inactive as an anaphylatoxin and,
in the absence of other serum components, is virtually
devoid of chemotactic activity (49). It is, however, chem-



otactically active in the presence of small amounts
of normal unactivated serum. These findings are similar
to those of Wissler et al. (46) who described a serum
“helper” factor (“cocytotaxin”) required for the expres-
sion of chemotactic activity by C5a-derived peptides.
In light of these findings, it is possible that the inhibitor
described above might interact with either a C5a-de-
rived chemotactic peptide or with a “helper” factor
present in serum. In this fashion, it could influence
chemotactic activity in ZTS without influencing PMN
lysosomal enzyme-releasing activity or PMN-aggregat-
ing activity. Whatever the mechanism may be, the pres-
ence of this inhibitor of C5-derived chemotactic activ-
ity in patients with SLE may contribute, in part, to
abnormal host defenses and increased susceptibility
to infection due to pyogenic microorganisms.
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