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The chemotaxis of neutrophils has been shown to be modulated by serum
factors, tissue factors, bacterial products, and a host of other substances. In vivo,
these factors may act in concert with each other to modify neutrophil movement.
We examined the effect of aggregated gamma globulin-activated serum (AS),
bacterial factors, and endotoxin either alone or in combination with each other,
on human neutrophil chemotaxis. Exposure of neutrophils to AS resulted in
deactivation to AS but not to Escherichia coli or Staphylococcus epidermis
culture filtrate. Exposure of neutrophils to S. epidermis or E. coli CF or E. coli
endotoxin resulted in deactivation to AS or C5a but not to E. coli or S. epidermis
culture filtrate. Addition of endotoxin to AS or C5a resulted in inhibition of
chemotaxis by untreated neutrophils toward this combination as compared with
AS alone. These results suggest that separate mechanisms may be involved
when serum or bacterial chemotactic factors initiate human neutrophil chemo-
taxis. Furthermore, the potent but specific inhibitory effect of endotoxin on
chemotaxis toward AS may be of clinical significance.

Chemotaxis of neutrophils is important for
controlling microbial infection in man. Recent
studies have led to a greater understanding of
this process in both animals and man. Indeed,
several abnormalities of neutrophil chemotaxis
associated with an increased susceptibility to
severe and recurrent infection have been de-
scribed recently (reviewed in reference 15).
Neutrophil chemotaxis has been shown to be
modulated by serum factors, tissue factors, bac-
terial products, and many other substances
(29). In vivo, many of these factors may act
alone or in concert with each other to modify
cell movement.
Complement factors, generated when im-

mune complexes are added to rabbit serum, are
not only chemotactic for rabbit neutrophils but
can also deactivate rabbit neutrophils (26). By
this, it is meant that rabbit neutrophils exposed
to one chemotactic factor lose the ability to
migrate toward the same or toward a different
chemotactic factor. In their studies, Ward and
Becker (25, 26) demonstrated that rabbit se-
rum, activated with immune complexes as well
as C5a or C567, could deactivate rabbit neutro-
phils in such a way that the neutrophils no
longer migrated when exposed to complement-
derived chemotactic factors or to chemotactic
factors derived from Escherichia coli. By con-
trast, the chemotactic factor derived from E.
coli could not deactivate neutrophils to either

the same E. coli-derived chemotactic factor or
to serum-derived chemotactic factors.

Recently, Van Epps has demonstrated that
important differences exist among species with
respect to neutrophil movement (23). Specifi-
cally, the chemotaxis of human neutrophils
could be suppressed completely by streptolysin
0, whereas the chemotaxis of rabbit neutro-
phils was unaffected. In addition, chemotaxis of
human neutrophils, unlike rabbit neutrophils,
has been shown to be inhibited by colchicine (3,
4, 18). Because of these important species differ-
ences, we have examined the effects of serum
chemotactic factors and bacterial factors, either
alone or in combination with each other, on
human neutrophil chemotaxis in vitro using
the recently described (6, 11, 17) agarose assay
for chemotaxis. Our results suggest that expo-
sure of human neutrophils to serum-derived
chemotactic factors and bacterial-derived
chemotactic factors impairs their subsequent
chemotactic responses only to serum-derived
chemotactic factors but not to bacterial-derived
chemotactic factors.

(Presented in part at the meeting of the Ca-
nadian Federation of Biological Sciences, Hali-
fax, Canada, June 1976.)

MATERIALS AND METHODS
Preparation of cells. Blood was drawn from

healthy human volunteers into sterile disposable
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syringes containing 10 U of sodium heparin per ml of
blood. Erythrocytes were sedimented by gravity at
room temperature. The leukocyte-rich supernatant
was removed and centrifuged at 200 x g for 5 min.
The cell pellet was washed and resuspended to a
concentration of 8 x 107 neutrophils per ml in M199
(GIBCO, Grand Island, N.Y.) containing 50 U of
penicillin per ml and 50 ,ug of streptomycin per ml
(GIBCO, Grand Island, N.Y.). Leukocyte suspen-
sions prepared in this way contained approximately
70% neutrophils, 30% mononuclear cells, occasional
platelets, and erythrocytes. For some experiments,
neutrophils were obtained by Ficoll-Hypaque sepa-
ration as described by Boyum (2). Leukocyte suspen-
sions prepared in this way contained greater than
95% neutrophils. However, neutrophils tended to
clump excessively after this procedure, and their
chemotactic response to all chemotactic substances
was diminished.

Preparation of agarose plates. The agarose plates
were prepared as described by Nelson et al. (17),
with minor modifications. Briefly, agarose (Fisher
Scientific, Toronto, Canada) was dissolved in boil-
ing, sterile distilled water, cooled to 480C, and then
made up to a final concentration of 0.75% in M199
containing 10% heat-inactivated AB serum. From
this solution, maintained at 480C, 7.5 ml was added
to plastic tissue culture dishes (10 by 15 mm) (Fal-
con, Oxnard, Calif.) and allowed to harden. A tem-
plate was used to cut wells 2.4 mm in diameter and
2.4 mm apart in rows of three wells, as described
(17).

Preparation of chemotactic factors. Heat-aggre-
gated human gamma globulin (HAHG) was pre-
pared by dialyzing immune serum globulin (Con-
naught Laboratories, Toronto, Canada) against sa-
line for 20 h, and then heating at 630C for 20 min.
This suspension was blended in a Vortex mixer,
sonicated, and stored in small aliquots at -700C for
future use. Serum-derived chemotactic factors were
prepared from human AB serum (stored at -70°C)
by adding 300 ,ug of HAHG per ml ofAB serum and
incubating the mixture at 37°C for 60 min. This will
be referred to as activated serum (AS). In some
experiments the larger aggregates were removed
from the activated AB serum by centrifugation at
40,000 rpm for 40 min. Partially purified C5a was
prepared by gel filtration of the AS on Sephadex G75
as described by Gallin and Rosenthal (7). Assay of
total hemolytic complement was performed as previ-
ously described (12). E. coli K-88, K-12 AC (kindly
supplied by C. Gylles, Guelph, Ontario) and Staphy-
lococcus epidermis (a human isolate) were grown in
M199 for 24 h. The filtrates (Millipore Corp., 0.45-
,um-pore size filter) of these cultures were stored in
small aliquots at -70°C for future use.

Leukocyte chemotaxis assay. Ten microliters of
leukocyte suspension (8 x 105 neutrophils) was
placed into the center well of each row of three wells.
Ten microliters of the chemotactic substance was
placed into the peripheral well of each row. M199
was placed into the central (control) well when bac-
terial culture filtrates were tested, and heat-inacti-
vated AB serum treated with HAHG was placed into
the central (control) well when AS was tested. The
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tissue culture dishes were incubated for 2.5 h at 37°C
in a humidified 5% CO2 and air incubator. After the
incubation, the dishes were flooded with methanol
for 10 min. After this, the methanol was removed
and replaced with 40% formalin for 10 min. After
this, the formalin was removed and the dishes were
frozen at - 70°C overnight, and then the agarose was
carefully lifted off as it began to thaw. The fixed
cells were stained for 10 min with Giemsa.
The migration patterns were magnified 45 times

and projected onto a white background with a pro-
jecting microscope. Quantitation of migration was
done by measuring the linear distance in centime-
ters that the cells had moved from the margin of the
well toward the chemotactic factor well (distance A)
and by measuring the linear distance that the cells
had moved from the opposite margin of the well
toward the control well (distance B). A chemotactic
differential (CD) was calculated by subtracting dis-
tance B (toward the control) from distance A (to-
ward the chemotactic well) and expressed as mean +
standard error of the mean (SEM).

Pretreatment of cells. In some experiments, leu-
kocytes (8 x 107 neutrophils per ml) were incubated
for 20 min at 37°C with an equal volume of AS, E.
coli culture filtrate (CF), S. epidermis CF, or vary-
ing concentrations of E. coli 0111-B4 endotoxin
(Difco, Detroit, Michigan). The control cells were
incubated with an equal volume of M199 or heat-
inactivated AB serum treated with HAHG. After
incubation, the cells were washed twice with 75
volumes of M199 and resuspended in a volume of
M199 containing 15% heat-inactivated AB serum to
contain 8 x 107 neutrophils per ml.
Hexose monophosphate shunt activity (HMPS).

HMPS was assessed for leukocytes at rest, and dur-
ing phagocytosis of latex particles (Difco, 0.81 ,um),
by measuring the generation of 14C02 from 1-
[14C]D-glucose as previously described (17).

RESULTS

Patterns of cell migration. The typical pat-
terns of neutrophil migration toward AS and
S. epidermis CF are shown in Fig. la and b.
These patterns were obtained by adding 10 ,ul
of the leukocyte suspension (8 x 105 neutro-
phils) to the center well. In Fig. la, AS was
placed into the peripheral well and heat-inacti-
vated AB serum treated with HAHG for 60
min was placed into the central (control) well.
Heat-inactivated AB serum was necessary be-
cause the complement system of normal AB
serum was activated by the agarose. In Fig.
lb, S. epidermis CF was placed into the periph-
eral well and M199 was placed into the central
(control) well.
A 2.5-h incubation period was found to be

optimal for assessing chemotaxis. A "rocket"
pattern (Fig. la) was characteristic of migra-
tion toward serum-derived chemotactic factors.
A "blunted" pattern (Fig. lb) was typical of
migration towards S. epidermis or E. coli CF.
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FIG. 1. Migration patterns of the neutrophils towards aggregated gamma globulin AS in the top well (a)
and towards Staphylococcus epidermis CF in the top well (b). Neutrophils, 8 x 105, were placed into the center
well. Heat-inactivated AB serum treated with aggregated gamma-globulin was in the control well at bottom
(a), and medium 199 was in the control well at bottom (b). (x20).

The CD obtained in this way was highly repro-
ducible: chemotaxis toward AS was CD = 6.61
+ 0.26, chemotaxis toward E. coli CF was CD =

4.74 + 0.09, and chemotaxis toward S. epider-
mis CF was CD = 4.49 + 0.15. Neutrophil
migration toward the control well was very

consistent (2.82 + 0.1 cm), except for those ex-
periments in which neutrophils had been prein-
cubated with AS (1.20 + 0.24 cm).
Nature of serum chemotactic factors. Ex-

periments were performed to assess the nature
of chemotactic activity generated in serum
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after incubation with HAHG. When normal AB
serum was first heated at 5600 for 30 min and
then incubated with HAHG, no chemotactic
activity could be generated. The generation of
chemotactic activity by HAHG could be pre-
vented by the addition of 10 mM ethylenedia-
minetetraacetic acid. Full chemotactic activity
could be generated in serum deficient in the
second component of complement (C2) (gift

from Erwin Gelfand). However, absorption of
this C2-deficient serum with rabbit anti-human
factor B (gift from Chester Alper) completely
blocked the generation of chemotactic activity
by HAHG. This antiserum did not alter the
capacity of normal AB serum to generate chem-
otactic activity. Finally, absorption of AB se-
rum with rabbit antihuman C5 (gift from Ches-
ter Alper), before activation with HAHG, in-
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hibited the generation of chemotactic activity
by 85%. These experiments suggest that the
chemotactic activity generated in human AB
serum after incubation with HAHG is comple-
ment mediated and requires C5.
To compare the activities of the various

chemotactic substances used in these experi-
ments and to determine whether chemotactic
factors in high concentrations inhibited cell mi-
gration, dilutions of these factors were tested.
Using undiluted AS, the CD was 6.61 + 0.26.
When the AS was diluted 1:2 with M199, the CD
was 5.6 + 0.2 and 2.9 + 0.6 when the AS was
diluted to 1:4. Similarly, the undiluted, par-
tially purified C5a preparation had an activity
of 7.2 + 0.2, 6.1 + 0.2 at a 1:4 dilution, 4.9 -+- 0.2
at a dilution of 1:8, and 3.0 at a dilution of 1:12.
The undiluted E. coli and S. epidermidis CFs
had activities of 4.74 ± 0.1 and 4.49 ± 0.15,
respectively. When both culture filtrates were
diluted 1:4 with M199, the CD decreased by
more than 50%. No dose-dependent inhibition
of neutrophil chemotaxis was observed to any of
the chemotactic factors.

Effect of preincubating leukocytes with AS
on neutrophil chemotaxis. As shown in Table
1, normal neutrophils migrated vigorously to-
wards AS (CD = 6.11 + 0.26). By contrast,
when the leukocytes had been preincubated
with AS and then tested, neutrophil migration
towards AS was markedly diminished (CD =

0.87 ± 0.27). However, when leukocytes were
preincubated with AS and then tested for neu-
trophil migration towards E. coli CF, chemo-
taxis (CD = 4.84 + 0.29) was not significantly
different from control cells (CD = 4.8 ± 0.01).
Similar results were obtained when S. epider-
mis was used (Table 1).

In separate experiments when leukocytes
were incubated with AS for periods as short as 1
to 2 min, similar results were obtained.

Effect of preincubating leukocytes with
bacterial culture filtrates on neutrophil
chemotaxis. As shown in Table 2, when leuko-
cytes were preincubated with E. coli CF and
then tested for neutrophil migration towards
AS, their response was markedly diminished
(CD = 0.2 + 0.11). However, when leukocytes
were preincubated with E. coli CF and then
tested for neutrophil migration, the chemotac-
tic differential towards E. coli CF (CD = 3.95 +
0.12) was only slightly less than that of control
leukocytes (CD = 4.74 + 0.1). Neutrophil mi-
gration towards S. epidermis CF was not sig-
nificantly influenced by E. coli CF preincuba-
tion (CD = 4.65 + 0.16).

Effect of preincubating leukocytes with
endotoxin on subsequent neutrophil chemo-
taxis. The effect of preincubating leukocytes
with varying concentrations of commercially

TABLE 1. Effect ofpreincubating leukocytes with
activated serum on neutrophil chemotaxis

CD (mean + SEM)a

LeukocytesPrepn Control leu- preincubated
kocytesb with acti-

vated serume
AS 6.11 ± 0.26 0.87 ± 0.27
E. coli CF 4.84 ± 0.01 4.8 ± 0.29
S. epidermis CF 4.40 ± 0.17 5.4 ± 0.11

a Mean ± SEM of at least three experiments.
bControl leukocytes (8 x 107 polymorphonuclear

leukocytes/ml) were preincubated for 20 min at 370C
with an equal volume of AB serum that had been
heat inactivated and then treated with aggregated
gamma-globulin. The cells were then washed and
tested.

e Leukocytes (8 x 107 polymorphonuclear leuko-
cytes/ml) were preincubated for 20 min at 3700 with
an equal volume ofAB serum that had been treated
with aggregated gamma-globulin. The cells were
then washed and tested.

prepared E. coli 0111-B4 endotoxin on subse-
quent neutrophil chemotaxis to the three chem-
otactic substances is summarized in Fig. 2. Of
importance was the finding (not shown in Fig.
2) that endotoxin (0.1 to 1,000 /ig/ml) was not
chemotactic for neutrophils. When leukocytes
were exposed to 0.02 ug of endotoxin per ml for
20 min at 370C and then washed, neutrophil
chemotaxis towards AS was reduced by more
than 50% (CD = 2.99 ± 0.38, control CD = 6.61
± 0.26). Chemotaxis towards AS was com-
pletely abolished (CD = 0.28 + 0.15) when leu-
kocytes were exposed to 2 ,g of endotoxin per
ml. These same concentrations of endotoxin
had no apparent effect on neutrophil chemo-
taxis towards E. coli or S. epidermis CF.

Experiments were performed to examine the
possibility that these effects might be explained
in part by some interaction between endotoxin
and complement or complement components)
bound to the neutrophil membrane. When E.
coli 0111-B4 endotoxin (100 ,g/ml) was incu-
bated with AB serum for 60 min at 370C, no
depletion of hemolytic complement activity was
detected. When the leukocyte suspension was
incubated with endotoxin for 20 min in the
presence of 10 mM ethylenediaminetetraacetic
acid in calcium- and magnesium-free Hanks
balanced salt solution, neutrophil chemotaxis
towards AS was still suppressed. The effect of
endotoxin could not be reversed by exhaustive
washing. Finally, when mononuclear cells
were removed by Ficoll-Hypaque density gra-
dient from the leukocyte suspension, the capac-
ity of endotoxin to inhibit neutrophil chemo-
taxis towards AS was unchanged.
Chemotaxis of neutrophils towards chemo-
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TABLE 2. Effect ofpreincubating leukocytes with bacterial CFs on neutrophil chemotaxis

CD (mean + SEM)a

Prepn Leukocytes preincubatedc with CF from:
Control leukocytesb

E. coli S. epidermis

AS 6.61 + 0.26 0.2 ± 0.11 0.81 ± 0.21
E. coli CF 4.74 + 0.09 3.95 ± 0.12 4.0 ± 0.08
S. epidermis CF 4.49 + 0.15 4.65 ± 0.16 4.91 ± 0.19

a Mean ± SEM of at least three experiments.
b Control leukocytes (8 x 107 polymorphonuclear leukocytes/ml) were preincubated for 20 min at 370C

with an equal volume of medium 199, and then washed and tested.
I Leukocytes (8 x 107 polymorphonuclear leukocytes/ml) were preincubated for 20 min at 370C with an

equal volume ofE. coli culture filtrate or S. epidermis culture filtrate, and then washed and tested.
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FIG. 2. Effect ofpreincubation of leukocytes with
E. coli endotoxin on neutrophil chemotaxis. Leuko-
cytes (4 x 107 polymorphonuclear leukocyteslml) were
preincubated for20 min at 379C with varying concen-
trations of E. coli endotoxin, and then washed and
tested for neutrophil chemotaxis towards AS (x), E.
coli CF (0), or S. epidermis CF (@). Values are
means +1 SEM.

tactic substances containing endotoxin. In
separate experiments, the three chemotactic
factors were mixed with endotoxin and placed
into the chemotactic well. As can be seen from
Fig. 3, when AS was the chemotactic sub-
stance, the addition of 0.25 ,ug of endotoxin per
ml of AS reduced chemotaxis by 26%. Higher
concentrations of endotoxin resulted in greater
suppression of chemotaxis to a maximum of
62%. By contrast, the addition of endotoxin to
either E. coli CF or S. epidermis CF did not
impair chemotaxis towards these combinations.

Effect of preincubating leukocytes with
endotoxin or S. epidermis CF on neutrophil
HMPS. The effect of endotoxin and S. epider-
mis CF on neutrophil HMPS activity was in-
vestigated. Endotoxin in a concentration of 0.25
,g/ml was chosen, since this concentration con-
sistently inhibited neutrophil chemotaxis to
AS. Under these experimental conditions,
endotoxin did not significantly alter neutrophil
resting HMPS activity (143 + 28% SEM of con-
trol). Furthermore, 0.2 ug of endotoxin per ml
did not affect the ability of neutrophils to in-
crease HMPS activity after ingestion of latex
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FIG. 3. Effect ofcombining E. coli endotoxin with
chemotactic substances on neutrophil chemotaxis.
The percentage of normal chemotaxis of neutrophils
towards AS containing endotoxin (0 to 50 pg/ml)
(x), towards E. coli CF containing endotoxin (0 to 50
pg/ml) (0), and S. epidermis CF containing endo-
toxin (0 to 50 pg/ml) (@) is plotted. Values are
means + 1 SEM.

particles (experimental stimulated 125 + 9.9%
SEM of control stimulated). Similarly, S. epi-
dermis CF preincubation did not alter the rest-
ing or stimulated HMPS activity of neutrophils
(102 + 14.3 and 92 + 4% of the control).

DISCUSSION
With the agarose chemotaxis assay, we were

able to rapidly and reproducibly quantitate
neutrophil chemotaxis towards serum- and bac-
terial-derived chemotactic factors. The differ-
ence in migration patterns towards AS and bac-
terial CFs ("rocket" versus "blunted," Fig. la
and b) may be related in part to the difference
in molecular weight and diffusion rates of these
chemotactic substances. The molecular weight
of C5a in AS is about 15,000 (20), whereas E.
coli-derived chemotactic factor(s) is less than
2,000 (19).
The results of our experiments using sera

depleted of factor B or C2 suggest that activa-

v
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tion of either the classical and/or the alternate
complement pathways by HAHG can generate
similar quantities of this chemotactic activity.
The results using C5-depleted serum suggest
that this chemotactic activity is C5 dependent
and may be either C5a or C567 or both (14, 20,
25, 28). The non-C5-dependent chemotactic fac-
tors such as C3a, kallikrein, and plasminogen
activator (reviewed in references 13 and 24)
may be responsible for the slight (<15%) chem-
otactic activity that can be generated in C5-
depleted serum. This conclusion is supported by
the observation that gel filtration of AS on
Sephadex G-75 yields one major peak of chemo-
tactic activity in the 12- to 15,000-molecular-
weight region, suggesting the presence and ac-
tivity of C5a. Similar results were reported by
Gallin (7) using endotoxin-activated serum.

It has been observed previously that the ex-
posure of rabbit neutrophils to a chemotactic
factor could influence subsequent chemotactic
activity (1, 25, 26). Rabbit neutrophils that had
been exposed to rabbit AS lost the ability to
respond via chemotaxis, i.e., they were deacti-
vated, to AS as well as to C5a, C567, or chemo-
tactic factors derived from E. coli. We have
examined the effect of preincubating human
leukocytes with AS on subsequent neutrophil
chemotaxis. This treatment resulted in deacti-
vation of the neutrophils to AS, but no effect
was observed on the chemotactic response to
bacterial-derived chemotactic factors (Table 1).
Furthermore, qualitatively similar results
were obtained using a partially purified prepa-
ration of C5a. Craddock et al. (5) have very
recently reported similar results using serum
activated by cobra venom factor. When human
neutrophils were preincubated with either E.
coli or S. epidermis CF (Table 2), deactivation
was again observed, but only to AS. The chemo-
taxis towards both bacterial CFs remained vig-
orous.

The mechanism by which E. coli CF and S.
epidermis CF deactivate neutrophils to AS is
unknown. Since the E. coli CF likely contains
endotoxin in addition to chemotactic factors, we
investigated whether preincubation of the leu-
kocytes with E. coli endotoxin influenced neu-
trophil chemotaxis. Pretreatment with endo-
toxin, which itself was not chemotactic, mark-
edly suppressed chemotaxis to AS (Fig. 2) and
to C5a (not shown). Of importance was the
finding that endotoxin had no apparent affect
on neutrophil chemotaxis towards E. coli or
towards S. epidermis CF. In preliminary exper-
iments, smaller concentrations ofa highly puri-
fied preparation ofE. coli endotoxin (a gift from
Kenneth Johnson) gave similar results to the
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commercial preparation of endotoxin. Specifi-
cally, inhibition of chemotaxis to AS could be
achieved with less than 0.1 ng of purified endo-
toxin per ml. Neither endotoxin preparation
affected the hexose monophosphate pathway
activity of the leukocytes either at rest or after
particle ingestion at the concentrations re-
quired to inhibit neutrophil chemotaxis. The
viability of the cells was also preserved as
judged by trypan blue exclusion. In preliminary
experiments, when theE. coli CF was subjected
to ultrafiltration, the deactivating principle
was found in the high-molecular-weight
(greater than 100,000) fraction and not in the
low-molecular-weight fraction, which con-
tained the chemotactic activity. This may indi-
cate that the "deactivation" by E. coli CF is not
due to the chemotactic factor at all but rather,
to some other bacterial substance capable of
specifically inhibiting chemotaxis towards AS
or C5a.

In contrast to our results with human neutro-
phils, Ward and Becker reported that E. coli
CF was unable to deactivate rabbit neutrophils
to AS, C5a, or E. coli CF (1, 25, 26). These
experiments with rabbit neutrophils were done
using the Boyden chamber to measure chemo-
taxis. To determine whether this discrepancy in
the behavior of rabbit and human neutrophils
was due to the different assay systems used, or
to a species difference, we performed two exper-
iments using rabbit peripheral blood neutro-
phils and the agarose chemotaxis assay. In
these experiments, the same results were ob-
tained with the agarose chemotaxis assay, as
had been reported with the Boyden chamber
assay. It would appear that our results are not
due to the use of a different assay system and,
therefore, the mechanisms involved in deacti-
vation of human and rabbit neutrophils may
not be the same.
The deactivation of rabbit neutrophils was

attributed in part to the ability of chemotactic
factors to activate membrane seine esterases.
Ward and Becker (1, 26, 27) described two mem-
brane serine esterases that were important for
chemotaxis. One of these, present in an inac-
tive form (proesterase 1), was activated by C3a,
C5a, or C567. The activation of proesterase i
was related to the ability of C3a, C5a, or C567
to deactivate rabbit neutrophils to all chemo-
tactic factors. In contrast, no activation of
proesterase 1 was detected when the neutro-
phils were exposed to E. coli-derived chemotac-
tic factors. Our results suggest that human
neutrophil chemotaxis is initiated or controlled
differently from rabbit neutrophil chemotaxis.
The human neutrophil may have separate sig-
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nals for initiating chemotaxis towards AS or
C5a (not shown) and E. coli or S. epidermis CF,
suggesting perhaps the presence of more than
one activatable proesterase. A difference be-
tween human and rabbit neutrophils has also
been suggested by Van Epps et al. (23), when
they showed that streptolysin 0 treatment
could impair human but not rabbit neutrophil
chemotaxis. Furthermore, colchicine inhibits
the migration of human but not rabbit neutro-
phils (3, 4, 18). Lastly, in our experiments with
rabbit neutrophils, we noted that the chemo-
taxis of these cells was unaffected by 2 Ag of
endotoxin per ml whereas human neutrophils
became unresponsive to AS after this treat-
ment.
This mechanisms) by which endotoxin

caused the inhibition of chemotaxis is un-
known. Monocytes and lymphocytes were not
required for the effect. The complement system
did not seem to be involved, since E. coli 0111-
B4 endotoxin did not activate human comple-
ment (16; unpublished observations). The re-
port by Goetzl and Austen (9) that a neutrophil-
immobilizing factor (NIF) was released from
leukocytes exposed to endotoxin may be rele-
vant to our observations. However, for optimal
NIF release, they incubated the leukocytes
from 1 to 4 h with endotoxin, and after wash-
ing, the same leukocytes were incubated for a
similar length of time in medium deficient in
potassium. It was during the second incubation
that most of the NIF was released. Our condi-
tions allowed only 20 min for the interaction
between endotoxin and the leukocytes. Even 2
to 4 min was sufficient to produce the effect.
Furthermore, leukocytes that had been exposed
to endotoxin, washed, and then added to nor-
mal leukocytes, did not suppress the chemo-
taxis of the normal neutrophils.

It has been shown that endotoxin binds to
neutrophils (8, 21). Our results do not eliminate
the possibility that endotoxin blocks the sites of
attachment of C5a or that the bound endotoxin
alters the metabolic processes of the cell so that
it becomes refractory to AS and C5a. The endo-
toxin may even inactivate or interfere with the
activation of the proesterase that is responsive
to C5a.
The experiments reported here demonstrate

that the chemotactic response ofhuman neutro-
phils to serum-derived chemotactic factors can
be influenced significantly by endotoxin and
bacterial products released into liquid culture
media. The finding of impaired chemotaxis to-
wards a mixture of endotoxin and AS or C5a as
compared with AS or C5a alone may suggest
that this mechanism plays a role in vivo. This
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suggestion is strengthened by the recent report
of a transient decrease in neutrophil chemo-
taxis towards serum-derived chemotactic fac-
tors, after endotoxin injection into man (22).
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