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A Specific Inhibitor of Complement (C5)-Derived

Chemotactic Activity in Serum from Patients with

Systemic Lupus Erythematosus

H. DANIEL PEREZ, MARKLiPTON, and IRA M. GOLDSTEIN, Department of Medicine,
Division of Rheumatology, Netw York University Medical Center, Netw York 10016

A B S T RA C T In the course of examining polymor-
phonuclear leukocyte (PMN) chemotaxis in patients
w7ith 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 f'emale with untreated SLE,
when activated with zymosan, failed completely to at-
tract either her own or normal PMN. Incubation of
normal PMNwith the patient's serum did not aff'ect
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 f'rom 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 activitv, the patient's serum did not influence two
other C5-derived biologic activities: PMNlysosomal
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
uni(luely 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 inf'ections
caused by pyogenic microorganiisms.

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 f;actor (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-f'old greater
than that observed in a group of patients with nephrotic
syndrome receiving comparable steroid therapy. Fur-
thermore, the inf'ection rate for patients with SLE not
receiving steroid therapy was four times that observed
in similarly treated patients with other diseases. The
majority of inf'ections that occur in patients with SLE
are caused by pyogenic bacteria (3, 4). Conseqluently,
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).

PMNare 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 PMNchemotaxis have already been
reported in some patients with SLE. For example,
PMNfrom 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.
PMNfrom 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 bv
these authors (and excluded), the latter was not.

In the course of examining PMNchemotaxis 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 olj leukocyte suspeitsionms and sera. Veniouis

blood (32 ml) from healthy adtult donors and from patients
with SLE was allowed to sediment at room temperature after
mixing with 8.0( ml acid-citrate dextrose (National Instituites
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% NH4Cl was added to 15-ml ali(uots
of the leukocyte-rich supernates, and the mixtures wvere cen-
trifuged at 155 g for 10 nmiim. Pellets were washed onice with
140 mMNaCl and finally suispended in phosphate-buffered
saline (Dulbeeco's phosphate-buffered saline, Grand Islanid
Biological Co., Grand Island, N. Y.) supplemenited with 0.6
mMCaCl2, 1.0 mMMgCl2, and 2.0% (wt/vol) bovine serumil
albumin (Grand Island Biological Co.), and adjusted to
pH 7.4. This bufler was used throughout. Cell suspensionls
contained approximiiately 85% PMN.

Venous blood f'rom normal volunteers and patients with
SLE was allowed to clot at room temperature. Serum obtained
after centrifugation was either used f'resh or stored in ali(qtuots
at - 700C.

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

Chemotacticfactors. C5-derived chemotactic activity was
generated in f'resh or f'rozen (-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' incuibation at 37°C, the zvmosan-serum suspension
was centrif'uged at 3,000 g for 10 min. The particle-f'ree stuper-
nate was either used directly (diluted with buf'fer as indicatecl
for each experiment) or chromatographe(i in a 2.6 x 40-cm
column of Sephadex G-75 (Pharmacia Fine Chemicals, Piscat-
away, N. J.) employing phosphate (10 mM)-buffered 140 mM
NaCl, pH 7.4, as the eluant. Filtration was perf'ormed at
4°C at a rate of' 10 ml/h. Fractions were assayed f'or C5-derived
chemotactic activity, as previously described (15, 16), and
those with peak activity were employed in the experimenits
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) prodtuct of C5 (15, 16). The chemotactic ac-
tivity is resistant to heat (56°C f'or 30 min) and is inhibitable
by antibodies to huiman C.5, buit not by those to human C3.
The protein coontenit of f'ractions was determiinled by the
method of Lowry et al. (17).

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

PMNclernotaxis. PMNrandom motilitv and directed mi-
gration (chemotaxis) were assessed by employing the "leading
front" method of Zigmiiond and Hirsch (21). Ali(luots (0.8 mil)
of'leukocyte stuspensions (containing 2.5 x 106 PMN/ml) were
added to the upper compartments of' modified Boyden challi-
bers (Nucleopore Corp., Pleasanton, Calil:). These were sepa-
rated f'rom the lo,%ver comlpartmiien-ts (containinig btuff'er or dilti-
tion s of'clhe moattractants) by 3.0-,um (pore diamiieter) cellullose
nitrate micropore filters (Sartorius, Filters, Ine., Sani Franciscto,
Calif.). Chambers contaiining cells and chemoattractants w e(re
incubated at 37°C for 45 mill in an atmosplhere of' 5% CO2
and 100% htumidity. The filters were theni removed, fixed in
methalnol, stained with hemiiatoxylill, dehy(drated in ethanol,
anid cleared in xylene. The response of PMIN either to buffer
alone (racndonm motility) or to chemotactic stiiulnti is relorted
as the (listanice the lea(ding f'ront of cells mligrated into the
filter (microimeters/45 min). Triplicate chaimbers were eii-
ploye(d in eaclh exp)erimne(nt anid 10 fiel(ds were exainine(l in
each filter.

For experimiienits in wliih uniactivated serumi i was added
to the lower complartmlenits of' the modified Boy(len chambers,
concentrationis were choseni that did niot by themlselves eni-
hance PMNmigrationi in excess of' that observed wvhen al-
bum-tin-containing btuffer was employed alonie. Thlus, there was
no fulrther enhancemenit of'the chemokinetic eff'ect ofalbumini
in this experimental assaly system (21, 22).

Ltisoso inal ellzziflye rclecSe fromn PMN. Lysosomiial enzymne
release f'rom cytochalasini B-treated PMNexposed to ZTS was
meeasured as previouisly described (15, 23). Ali(quiots (0.5 mnl)
of' lekocvte stlispensios cmonttaining 4 x l(0 PMN vere (is-
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pensed into 10 x 75-mm polypropylene tubes. Cells were pre-
inculbated wvith cvtochalasin B (5.0 gg/ml) (ICI Research Lab-
oratories, Alderley Park, Cheshire, Eng.) in 0.1% dimethvl
sulfoxide (Matheson, Coleman & Bell, East Rutherford, N. J.)
at 37°C for 10 min bef'ore addition of' ZTS. This concentration
of' dimethyl sulfoxide did not influeniee enzyme release or
enizyme assavs. After incubation f'or 60 min at 37°C, the tubes
vere centrifiged at 755 g for 10 min and the cell-f'ree super-

niates removed for enzyme assays. Activity in these supernates
of' the lysosomal miarker enzyme, beta glucuroniidase was de-
terimiined after 18 h of' ineubation with phenolphthaleini glu-
curoinidate (Sigma Chemical Co.) as substrate (24). The cyto-
plasmic enzyme, lactate dehydrogenase was determinied by
the method of' W'acker 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 f'rom simultaneously run duplicate reaction mix-
tures to which had been added the detergent, Triton X-100
(0.2% vol/vol) (Rohm and Haas Co., Philadelphia, Pa.). All
values 'were corrected f'or background enzyme activity in me-
diumii blanks.

PMNaggregationl. Aggregation of' PMNby ZTS xvas meas-
uired as previously described (26, 27). For these experimenits,
purified preparations of' PMNwere obtained bv means of'
Ficoll-Hypaque gradients (Pharmacia Fine Chemiicals) (28).
Reaction mixtures consisted of' 1 x 107 PMN, cytochalasin B
(5.0 jug/ml), and serum in a volume of' 1.0 ml. Aggregatioin
(chanige in light transmissioin, AT) was recorded with a stanid-
ar(d platelet aggregometer/recorder system (model 300 BD,
Payton Associates, Buff:alo, N. Y.). The recorder was calibrated
at maximial light transmission with a 50% (vol/vol) dilution
ot'the PMNsuspension. Experiments were perf'ormed in sili-
ctonized euvettes at 37°C ancd at a stirring speed of' 900 rpm.

Alternlative complement pathway actiuation in serumt.
Normal humani erythrocytes (RBC) were rendered stuseeptible
to complement-mediated lysis by treatment wvith dithiothrei-
tol (Sigma Chemical Co.) (29, 30). Venotus blood f'rom nornmal
v)olunteers was defibrinated in 125-ml Erlenmeyer flasks con-
taining glass beads. After cenitriftigation at 100 g for 15 min,
the stupernate and buffy coat were removed. The RBCwere
then washed three times in phosphate (10 mM)-buiffered sa-
line, pH 8.0. Approximately 2.0 ml of' packed RBCwas then
added to 8.0 ml 0.2 M dithiothreitol in the same buff'er and
iniu)bated for 20 min at 37°C. The RBC were then washed
repeatedly wvith buffer until the superniate vvas clear of' the
hemloglobin. The wvashed RBC wNere finally susipencded in
\eronal-buffered saline, pH 7.4. Reaction mixtures containing
RBC, 10 mNI ethylene glycol-bis(P-anminoethyl ether) N,N'-
tetraacetic acid (EGTA), 10% (vol/vol) serum, ancd other addi-
tions in a final volume of' 0.5 ml were incubated at 37°C for
30 min and theni centrifuged at 1,000 g for 10 min at 4°C.
(Cell-f'ree supernates were assayed for hemoglobin wvith Drab-
kin's solution as previously describe(d (29). Restults are ex-
pressed as the percenit of'total hemoglobin released into super-
nsates lrtom reactioni mixtures conitainiing 0.1% Triton X-100.

Other con p)oii ndas nd reagenits. "Pronase" (protease f'rom
Streptomnyces griseus) and trypsin were obtained as insoltuble
enzymiles attached to carboxymnethyl celltulose and polyacryla-
llmide, respectively (Sigma Clhemical Co.). Compounds uised
for calibrationi of' Sephadex colunmns were obtained f'romii
Plharmacia Fine Chemicals, Inc. (blue dextran) and(l Signma
(Cbemiiical Co. (ovalbumin, cvtoclhromiie c).

RESULTS

Abntormiialities of chemotactic activity in zymitosan7-
treated SLE sera. Sera obtained f'rom 11 patiemits with

SLE were activated with zvmosan anid examinied for
clhemotactic activity. ZTS from five of' these patients
f;ailed to attract PMNcomparably to normal ZTS (see
below). ZTS f'romii one of' these patients (R. J.), a 25-
yr-old Black f'emale wvith newly diagniosed untreated
SLE, failed completely to attract normal PMN(Table
I). 'Migration toward R. J. ZTS did not exceed that ob-
served whenl onily buflfer containing albumin was added
to the lower compartnments of the modified Boydeni
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 PMNwere incubated
with R. J. serum f'or 30 min at 37C, washed with buff'er,
and examined f'or chemotactic responsiveness. As can
be seen in Table I, such treatment of' normal PMN
did not aff'ect their subsequent random motility or
cheimiotactic response toward normal ZTS. Further-
more, the patient's own PMNwere capable of' migrat-
ing in a directed fhashioin toward the same stimultus.
As was the case witlh normal PIN, however, R. J. PMN
exhibited only randomii motility in respoinse to R. J.
ZTS.

Complenment activationi in nornmal vs. R. J. serumn.
Inasmtilch as levels of C3 and C4 (measured immuno-
chemically) in R. J. serum wvere 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' onie or more com-

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

Additions to

Upper PMN
comiipartnment Lower compartment n migration

jum/45
nion ±SE

Buffer (random motility) 5 82.4±1.6
Normal PMN Normal ZTS* 5 123.5+6.1l

R. J. ZTS 5 78.9+2.5§
Normal PMIN

+ R. J.
serum'iii Normal ZTS 2 119.5±3.1

Biffer 2 81.7+1.8
R. J. PMIN Normal ZTS 2 118.8+3.4

R. J. ZTS 2 80.8±1.6

* ZTS was employed at a concentration of 10% (vol/vol).
PMNanid normal serumi vere obtained f'rom five different
donors; n = number of experiments.

P vs. random motility <0.001 (Student's t test).
§ P vs. ranidom motility >0.1 (Sttudent's t test).
Nornal PMN f'rom two different donors were incubated

with 10% (vol/vol) R. J. seruim (37°C f'or 30 min) and washed
twice wvith buff'er.
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TABLE II
Complement Activation in Normal vs. R. J. Serum

Additions to dithiothreitol-treated RBC* n Hemolysist

Normal serum 3 3.4+0.9
R. J. serum 3 3.6±1.1
Normal serum + zymosan, 1.0 mglml 3 39.6±2.5§
R. J. serum + zymosan 3 42.3±3.0§

* See Methods. Reaction mixtures contained 10 mMEGTA.
t 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 chiemotactic 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 III
Effect of Normal vs. R. J. Serum on Cliemotactic

Activity in ZTS

Stimtilus n PMNmigration

Jzm/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. J. serum* 3 82.7±0.7
+ R. J. serum (heated)* 3 81.1±0.3

Normal ZTS + R. J. serum4 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.
t ZTS was mixed (1:1) with R. J. serum without preincubation
and employed as described above.

as 5.0 ,ul of R. J. serum was capable of causinig sig-
nificant inhibition of chemotactic activity when pre-
incubated with 100 ,ul of normal ZTS. W7hen 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-
feet of R. J. serum on the chemotactic activity in nornmal
ZTS vs. an effect on the PMN.

Specificity of inhibitory activity int 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. serumil
on C5-derived chemnotactic 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 yielded 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 wheni
R. J. ZTS (originally devoid of such activity, see Table
I) was chromatographed. Chromatography of' R. J. ZTS
also yielded inhibitory activity in fractions elutinig witlh
the void volume (solid bars in Fig. 2B). No such inhibi-
tory activity ,vas recovered from normal ZTS (Fig. 2a).
Thus, we were able to separate inhibitory from c'henio-
tactic activity in R. J. ZTS.

- 100

80

EE 60-
_-,
o 40

. 20
iE

2
5 25 50 75 100

R.J. Serum Added to 100ulI Normal ZTS ( 1l)

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 concentrationi of ZTS
was 10% (vol/vol). In the absence of R. J. serumiii, PMN
migration was 148.0 ,um/45 min. Random motility (100% in-
hibition of chemotaxis) was 82.0 ,m/45 min.
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TABLE IV
Specificity of Inhibitory Activity in R. J. Serum

PMNmigration

Stimulus n Normal serum* R. J. serum*

,.m/45 min-SE

Buffer (random motility) 3 92.0+0.8 90.5±0.9

(3.0%, vol/vol) 3 112.5+0.7 113.3+0.7
Bacterial chemotactic factor (2.0%, vol/vol) 3 102.1+0.8 102.8+0.8

N-formyl-met-le-u-phe (10 nM) 2 123.7+0.9 122.2+0.8
(1 nM) 2 102.7+0.7 102.3+0.8

(4.8 ,ig/ml) 3 144.0+1.0 114.2+0.8
C5-derived chemotactic peptidet (2.4 tLglml) 3 123.1+0.9 101.3±+1.2
* 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
PMNfrom a single donor; n = number of experiments.
t 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
tained when mixtures of normal ZTS plu
or normal ZTS plus normal serum (after pr

were chromatographed on Sephadex G-75.
of normal ZTS plus R. J. serum, which w

devoid of chemotactic activity (Table III),

A Normal ZTS

80 BlueDextron Cytoci

o B RJ ZTS

.80-

- 60-

.I 40-

U-

30 40 50 60
Eluate Volume (ml)

FIGURE 2 Sephadex G-75 chromatography of Z
tactic activity (hatched bars) and inhibitory
bars): (A) Normal ZTS; (B) R. J. ZTS. Aliquo
were either diluted 1:1 (vol/vol) with buffei
chemotactic activity or were preincubated (1:1
4.0% (vol/vol) normal ZTS at 370C for 30 mi
inhibitory activity. Final concentration of ZTS
to 1.3% (vol/vol).

2 were ob- inhibitory and C5-derived chemotactic activity after
s R. J. serum chromatography. Normal ZTS plus normal serum

*eincubation) yielded only chemotactic activity. Again, inhibition of
The mixture C5-derived chenmotactic activity by the f'actor(s) in R. J.

,as originally serum appeared to be reversible.
yielded both Characterization of the inhibitory activity in R. J.

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%
E ammonium sulfate pellet from R. J. serum was applied
t to a column (2.6 x 70 cm) of' Sephadex G-200 and

30 E eluted with phosphate (10 mM)-buffered 140 mM

20 NaCl, pH 7.4. When fractions were assayed by incuba-
, tion with normal ZTS, three distinct peaks of inhibitory

-10~ activity could be discerned (Fig. 3). Inhibitory activity
T<t in peaks I and II was destroyed completely by heating

't, at 56°C for 30 min, whereas the inhibitory activity in
O peak III (mol wt 50,000-60,000 daltons) was resistant

40 E to this treatment. Furthermore, f'ractions from peak III

30 o had the same profile of inhibitory activity as whole R. J.
2 o serum. This inhibitory activity could be abolished by

20

.' heating at 80°C f'or 30 min and by treatment with pro-

10 a nase (0.8 U/ml of insoluble enzyme for 30 min at 37°C).
, ; It was only partially destroyed (30% loss of activity)

70 by treatment with trypsin (1.6 U/ml of' insoluble en-
zyme f'or 30 min at 37°C.

'TS for chemo- Chromatography on Sephadex G-200 of' a 65% am-
activity (solid monium sulfate pellet of normal serum yielded only
ts of fractions the two heat-labile peaks of'inhibitory activity (Fig. 4).
r to assay for The properties of'peaks I and II were identical to those

, vol/vol) with described by Berenberg and Ward (31) f'or the amino-
n to assay for

was adjusted 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 chrom<atography of R. J. seruim
(65% amnmtnillm sulf;ate pellet) for inhibitory activity. Ali-
quots of fraction.s were preinctubated (1: 1, vol/vol) wvith
4.0% (vol/vol) normal ZTS as described in Fig. 2.

ever, hals not previously been dlescribed acnd alImost
certainly accounts for the inhibhitory activity demlon-
stratedl in whole R. J. sertumii and serulm from )other
patients with SLE (see belowv).

Effect of R. J. serumnl on othler C-5-dcerived biologic
activities in ZTS. The effect of R. J. seruLmll oni two
other C5-derived biologic activities in ZTS was examII-
iniedl. Addition of ZTS to cytochalasin B-treated PMN
provokes the selective (liseharge fromn these cells tf)
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FIGUIRE 4 Sephadex G-200 cbrt)matograpby of normal serumii
(65% am-moniumn suilfate pellet) f'(r inbibitorv activity (see
Fig. 3).

lysosomiial, btlt not cvtoplasmic, constitueints (15, 23)
anid simultaneouisly caauses PMIN aggregation detecta-
ble by stanidard nephelomietric techni(ues (26, 27).
PMlN Ivsosonmal enzyvme-releasing activitv and PNIN-
aggregatinig activity in normal ZTS are heat stable, suls-
ceptil)le to inhibition bX antibody to hmtnian C5, and
can l)e recovered after chromiatography on Sephadex
G-75 in the samle f'ractionis that contain C5-derived
chem-notactic activity. These findings have led to the
ssuggestion that these activities are properties of' sim-
ilar, if' not i(lentical, peptides cleaved from C5 as a

conse(qtuenice of'comnplement activation (23, 26). The ef'
fects of' R. J. sertumii on PMIN lysosomral enzyme-releas-
ing activity and PMIN-aggregating activity in normial
ZTS are shown in Table V and Fig. .5, respectively.
In contrast to wlhat xvas obser-ved with C5-derived chem-
otactic activity, neither of these other C5-derived bio-
logic actixities wvas affected by R. J. serumll. This was
the case even when a wide range of ZTS c oncentra-
tions (1.0-10%, vol/vol) were emiiploved in these ex-

perimiieints (data not shown). Thus, the lack of' inhibi-
tion by R. J. serumiii could not be accounte(d for simply
by the possibility that there was a vast excess of C5-

derived peptide(s) in these reactioni miiixtures. More-
over, R. J. ZTS, which was incapalble of provoking a

clhemiiotactic responise 1b PMIN, was perfectly capable
of stimitulating PMNlvsosomial enzyme release (Table
V) andl PMIN aggregation (restults Inot shown). Thus,
the inhibitory activity in R. J. serum appeared to be
directed specifically toward C'5-derived chemotactic
activity andl fiailedl to influienice at least twro other bio-
logic activities attribuited to C5-derived peptidles.

Studies wcitl .sera Jromiz oth1er- patientts twith SLE. As
indlicated above, serumi from R. J. and from four other

TABLE V!
Effect of R. I. Serum on C5-Derived PMNLysosomal

Enzy me-Releasing Activity

Total enzyme releasedt

Additions to cytochalasin Lactate
B-treated PMN* ,-Glucsironidase dehydrogenase

Normal seruim 3.1±0.6 2.6±0.4
R. J. sertum 3.3+0.5 2.8±+00.5
Normal ZTS + normal serumnl 16.4±+1.5 3.1±0.6
Normal ZTS + R. J. serum" 15.5±+1.3 2.5±0.5
R. J. ZTS 16.7±1.7 2.9±0.4

* PNIN vere preincubated with cytochalasin B (5.0 ,ug/ml)
at 37°C for 10 min before exposure to seruim for 30 min.

t Percent of total activity released by 0.2% (vol/vol) Triton
X- 100. MNean ± SENI of four experiments.
"ZTS was preinicubated wvith heated (56°C for 30 min) serun
(1:1, vol/vol) at 37C for 30 min. Final concentration of ZTS
was adjtusted to 5.0% (vol/vol).
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(A) Normal ZTS + Normal Serum

(B) Normol ZTS + RJ Serum

AT
:1

1 min

(C) Normal Serum

itt
Addition of Serum

FIGURE 5 Effect of normal vs. R. J. serum on PMNaggre-
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 PMNcomparably 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 PMNto 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. J.) f:ailed
completely to provoke a chemotactic response from
either her own PMNor PMNfrom 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 sertum
contained an irreversible inhibitor of PMNmotility.
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 norimal 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 PMNresponded normally to this same
stimulus (Table I). Moreover, R. J. serum did not in-
fluence the migration of normal PMNtoward 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

PMNmigration-source of serumt

Stimulus* Nonnal R. J. L. M. P. G. M. C. M. R.

jim/45 min

ZTS 131.0 78.9 118.0 117.6 115.5 113.3
Normal ZTS + serum" 137.5 82.7 111.0 116.0 115.1 114.1
Normal ZTS + heated serum" 131.1 81.1 114.0 114.4 116.4 129.5
Bacterial chemotactic factor + serum"l 100.0 101.3 100.4 108.6 101.5 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.
I Results represent the mean of two experiments performed with PMNobtained from two different
donors. Random motility was 81.5 ,um/45 min.
"I 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 (meastured immunochemically) were
modestly low in the patient's serum, no major abnor-
malities of complement function could be detected.
Studies employing RBCrendered susceptible to com-
plement-mediated lysis by treatimient with dithiothrei-
tol, revealed no gross abnormalities in the patient's
serum of either alternative coimipleimient pathway acti-
vation by zymosan or hemolytic function (Table IL).
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 ,l of R. J. serum was preincubated (370C 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 PMNwas evident
from the observation that mere mixing of R. J. serum
with normal ZTS (without preincubationi) fLailed 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 IV), 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 mMNaCl 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 (560C 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).

Thus, the properties of' the major inhibitory activity
in whole R. J. serum (and L. M. serum) appear to be
qluite distinct from the properties of the previously de-
scribed chemotactic f'actor 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 seruim.
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 f;actor inactivator(s) in
her serum (Table VI). Of' 11 patients examined thus
f'ar, 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 f'rom the studies
reported here. Its specificity and f'ailure 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 PMNlysosomal 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 C5ades 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-
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otactically active in the presence of small amounts
of normal uinactivated 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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