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Introduction

The role of bacteria and bacterial toxins in induc-
ing lipoxygenase factors and leukotrienes with che-
motactic (LTB4) and spasmogenic (LTC,4, D4 E4)
properties has been recently suggested. Among the
bacterial toxins streptolysin O, a-toxin, lipase and en-
terotoxin from Staphylococcus aureus, leukocidin
from Pseudomonas aeruginoa, 6-toxin from Clostri-
dium perfringens proved to be potent inducers of leu-
kotriene generation from various human cells [6-8]. It
is well established that bacterial colonization is a pre-
requisite of bacterial infection [1, 2, 4, 5, 9-12, 16, 17].
In order to analyze the role of bacterial adhesion and
toxin production on leukotriene formation, geneti-
cally cloned bacteria which differed in their pili struc-
tures were analyzed [13, 14].

Material and Methods

Human polymorphonuclear granulocytes (PMNs) were puri-
fied and incubated with various bacterial strains. The following
strains were analyzed; Escherichia coli K12-MS*, Hly~; E. colipHly
152-MS*, Hly*, E. coli pANN 202-312, MS*, Hly"*, subclone of
pHly 152, E. colipANN 5311-MS*, Hly*, E. colipANN 5411-MS*,
Hly*, E. coli 536, MS* MR™ (type Vb), Hly*, E. coli 536/21-MS",
MR-, Hly", E. coli 536/31-MS*, MR*, Hly", E. coli 536/21 pANN
5211-MS*, MR-, Hly*, E. coli 536/21 pANN 5311-MS*, MR-,
Hly*; E. coli 536/31 pANN 5211 MS*, MR*, Hly*; E. coli 536/31
pANN 5311 MS*, MR*, Hly*. Leukotrienes were analyzed by re-
versed-phase HPLC or radioimmunoassay for LTC,; histamine by
the automated fluorometric analyzer; lipoxygenase activity by the
generation of 5-HETE and 5-HPETE from '“C arachidonic acid,
y-glutamyltranspeptidase and dipeptidase activities on incubation
of cell-free supernatants with synthetic LTC, and LTD,, respec-
tively; the degree in hemolysin production photometrically by the
lysis of erythrocytes at 530 nm. For the chemotactic assay either
human neutrophils or guinea pig eosinophils were used as target
cells in the Boyden chamber [7].

Results

Human PMNs (1 X 107/ml) were incubated with
the various E. coli K12 and E. coli 536 strains. The lu-
minol- and lucigenin-dependent chemiluminescence
was recorded. Bacterial strains exhibiting MS™ pili in-
duced significant chemiluminescence when these
strains also produced hemolysin. In E. coli 536
strains, which in addition to MS* pili also express
MR* pili, higher chemiluminescence was recorded
with the MR* as compared to the MS*, MR- strains;
the activity even exceeded that obtained with the
MS*, MR- but hemolysin-producing strains. These
results indicated that the respiratory burst of granulo-
cytes is efficiently modulated by the type of adherence
and degree of toxin production. When the rate of pha-
gocytosis versus adherence was examined with 3H-
thymidine-labeled bacteria phagocytosis was higher
with MS+*-adherent strains as compared to MS*,
MR* bacteria. The presence of MR pili even inhibit-
ed the phagocytosis. These data were also supported
by experiments in which opsonized bacteria with the
above described expression of pili were studied.

Incubation of human PMNs with the various bac-
terial strains led to the release of chemotactic activity
for human neutrophils and guinea pig eosinophils
when washed bacteria or the culture supernatants of
the late logarithmic phase were used as stimuli. A fur-
ther analysis of these results was obtained by studying
the release of 5-HETE, LTBy4, LTC4, LTD4 and LTE.,.
E. coli K12 (MS*, Hly") induced a slight release of
LTB, and a significant generation of 5-HETE, but in-
significant amounts of LTC4 With washed Hly*-
producing strains, a dose- and time-related release of
LTC,4 was observed. The culture supernatant proved
to be more active in inducing LTB, and LTC, release
as compared to the washed bacteria. E. coli 536 (MS*,
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Table I. Summary of results. Histamine relesase and generation of leukotrienes from human PMNs on interaction with various strains

of E. coli
E. colistrain Rat mast cells: histamine, ng PMN: LTC,, ng PMN: LTB,, ng
bact. sup. bact. sup. bact. sup.
K 12 (Hly/Fim*) 0 19 <0.1 <0.1 <1.0 <1.0
K 12 pHly 152 (Hly*/Fim*) 66 37 6.5 19.0 <1.0 8.1
K 12 pANN 202-312 (Hly*/Fim*) 5 37 <0.1 9.0 <1.0 13.8
K 12 pANN 5211 (Hly*/Fim*) 75 48 5.2 19.8 <1.0 18.6
K 12 pANN 5311 (Hly*/Fim*) 116 59 <0.1 10.0 2.6 5.9
K 12 pANN 5411 (Hly*/Fim*) 140 48 3.1 17.5 5.2 10.0

Table II. Summery of results. Induction of chemiluminescense (CL), histamine release and generation of LTC* and hemolysin

E. coli Hemolysin, PMN: CL (luminol), cpm X 10° Bact. + Bact. +
A OD/min mast cells PMN:
bact. sup. histamine, ng LTC,, ng
536 (Hly*, Fim") 0.018 1.25 1.25 107 <0.1
536/21 (Hly", Fim") 0 0.05 0.01 10 <0.1
536/31 (Hly-, Fim*) 0 0.1 0.03 10 <0.1
536/21 pANN 202/312 (Hly*, Fim") 0.001 0.02 0.01 3 <0.1
536/21 pANN 5211 (Hly*, Fim") 0.013 0.05 0.95 7 2.2
536/21 pANN 5311 (Hly*, Fim") 0.012 0.02 1.25 27 4.6
536/31 pANN 5211 (Hly*, Fim™*) 0.015 2.6 1.2 49 11.0
536/31 pANN 5311 (Hly*, Fim*) 0.017 0.25 1.40 77 28.5

MR*, Hly*), E. coli536/21 (MS*, MR-, Hly"), E. coli
536/31 pANN 5311 (MS*, MR*, Hly*) induced sig-
nificant amounts of LTC4 when the bacterial super-
natant or, in the latter case, whole bacteria were ana-
lyzed. MS*, MR*, Hly™* bacteria and their culture su-
pernatant elicited LTB,, C4, D4 and E4 release when
the supernatants were used as stimuli while the Hly-,
MS* or Hly-, MS*, MR ™ bacteria induced significant
amounts of 5-HETE. Leukotriene release was more
pronounced with strains which had MS*, MR* pili as
compared to MS*, MR- pili, i.e. an inhibition of pha-
gocytosis by MR* pili apparently enhances the re-
lease of leukotrienes. The concomittant stimulation of
cells with the ionophore in the presence of E. coli K12
(MS*, Hly") reduced the formation of LTBy signifi-
cantly; in the presence of the hemolysin-producing
strain, LTB, release was highly enhanced. When his-
tamine release was studied with the various E. coli
K12 and E. coli 536 strains the following results were
obtained: washed Hly* bacteria were more active as
compared to Hly- bacteria; a similar pattern was ob-
served when the culture supernatant was analyzed.

These data suggested that histamine release is mar-
kedly affected by toxin-producing bacteria. Our re-
sults show that adherence as well as toxin production
modulate the cellular responsiveness for leukotriene
release (table I, II).

We recently presented evidence that various endo-
toxins and lipid A are potent inducers of LTC, release
from human granulocytes. Endotoxin sensitive and
less sensitive donor cells were described. In addition,
various bacterial exotoxins were able to trigger cells
for leukotriene release. Among them the thiol-activat-
able toxins (streptolysin O, alveolysin from Bacillus
alvei and 6-toxin from C. perfringens) were more pre-
cisely analyzed. These toxins induced leukotriene for-
mation, lipoxygenase and dipeptidase release. Thus,
studies on arachidonic acid metabolites and hista-
mine release prove to be a sensitive model to analyze
membrane biochemical interactions of various bacte-
rial strains and to provide a rapid determination of
their potential pathogenicity. The described models
could be useful in determining the early stages of bac-
terial colonization versus bacterial infection. Indeed,
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in the classical model of heavily burnt patients signifi-
cant levels of leukotrienes (C4, E4) were detected in
plasma, while the blood cultures proved to be nega-
tive up to the death of the patients.
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