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Summary
A wide spectrum of formalin-killed bacteria have been tested for their ability to release
histamine from human dispersed lung and tonsillar mast cells. Escherichia coli,
Enterobacter cloacae, Staphylococcus epidermidis, Proteus vulgaris, Klebsiella o.xytoca
and K. pneumoniae were the most effective histamine releasers. Further studies on
tonsillar masl cells showed that E. co/Z-induced histamine release differed from IgE-
dependent release wilh respect to its kinetics, temperature and pH profiles and its
sensitivity to calcium deprivation and metabolic inhibitors. A lectin-mediated
mechanism may operate, but other non-immunological mechanisms mighl also be
involved in the release. Escherichia eoli and anti-IgE did not synergize in inducing
histamine release. The production of P G D T and the failure to delect lactate
dehydrogenase following incubation of mast cells with E. co//suggests that histamine
release is not due to cytotoxicity.

Introduction
Baclcrial and viral infection ofthe respiratory tract is associated with increased non-
specilic airways reactivity and exacerbations of bronchial asthma [1 5]. Several
mechanisms for the effects of bacteria have been suggested. The detection of IgE
directed to specific bacterial antigens and the demonstration of a weal-and-flare
reaction in the skin suggests that immediate and late onset bronchoconstriction
following inhalation of killed Bacillus subtilis has an allergic basis [6], In contrast, the
early bronchoconstrictor response to Hactnophilus infiuenzae has been suggested to be
caused by a direct bronchial effect of its endotoxin whereas the late reaction to this
bacterium may be a toxic action or a type HI allergic reaction [7]. Bacterial infection
has also been reported to increase a-adrenergic and decrease /^-adrenergic activity [8].
Finally, it has been suggested that bacteria or bacterial products interact directly with
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inflammatory cells within the lung to induce mediator release [9,10]. Human lungs,
particularly the airway mucosa and alveolar walls, are rich in mast cells, activation of
which by micro-organisms may contribute to inflammation of the airways.

Recent in-vitro studies have shown that many species of whole formalin-killed
bacteria are capable of inducing histamine release from human basophil leucocytes by
non-immunological mechanisms [10.11]. Stimulation of pulmonary mast cells for
secretion by a similar non-immunoIogical mechanism represents an attractive
possibility, which may contribute to exacerbations of airflow obstruction by bacterial
infection, particularly as immediate bronchoconstrictor reactions to inhaled bacteria
are unaffected by pre-treatment with sodium cromoglycate [12.13]. Long term
bacterial colonization of the airways may also contribute to reversible airflow
obstruction in chronic bronchitis, in which histological evidence for degranulation of
mast cells of the bronchial mucosa has been reported [14]. Finally, an interaction
between bacterial products and mediator secretory cells in the lung probably piays an
important rote in adult respiratory distress syndrome associated with Gram-negative
septicaemia. In order to investigate these possibilities further we have examined the
capacity of several strains of bacteria to release histamine from mast cells of the human
respiratory tract and investigated the mechanism of action of one of these.

Materials and methods
Materials
Pronase {Streptomyces groseus), chymopapain {Papaya latex), human serum albumin
(HSA, Cohn fraction V), deoxyribonuclease (DNase, bovine pancreas). 2-deoxy-D-
glucose, antimycin A, N-2-hydroxyethylpjperazine-N-2-ethane-su!phonic acid
(HEPES). a-methyl-D-glucoside, a-methyl-D-mannoside. N-acetyl-glucosamine, D-
gtucose. D-mannose, D-galactose and L-rhamnose were purchased from Sigma
Chemicals, Poole, U.K. Percoll was from Pharmacia, Milton Keynes, U.K. All other
chemicals including ethylenediaminetetra-acetic acid (EDTA) and trichloroacetic acid
(TCA) were purchased from BDH, Poole, U.K. [^H]-S-adenosylmethionine (15 Ci/
mol) and [5,6,8,9,12,14,15. (n)-^H] prostaglandin (PG) D. (100 Ci/mmol) were
purchased from Amersham International. Amersham, U.K. Rabbit anti-PGDi serum
was purchased from Dr L. Levine, Brandeis University, Waltham, MA. U.S.A. Goat
anti-human IgE was prepared and heat inactivated as previously described [15]. Whole
formalin-killed bacteria were prepared from cultured bacteria, which were killed by
1-5% formalin in 0-9% NaCl. washed six times, suspended in 0'9% NaCl and then
freeze dried [11,16]. The bacterial preparations used in this study were: Enterohacter
cloacae. Escherichia coli. H. infiuenzae (capsule bearing type), Klebsiella oxytoca.
Klebsiella pneumoniae, Proteus vulgari.s. Staphylococcus aureus. Staphylococcus epider-
midis, Streptococcus faecalis. Streptococcus mitior. Streptococcus pneumoniae. Group
A streptococci {S. pyogenes) and Group B streptococci (5. aglactiae). Staphylococcus
aureu.s peptidogiycan E1369 and E2371 were prepared as previously described [16].
Minimal Essential Medium (MEM) was obtained from Flow Labs.. Irvine, U.K. The
composition of 10 niM HEPES buffered salt solution (HBSS) was: NaCl 137 mM. KCl
2 7 mM. NaHPO404 mM. glucose 5 5 mM, MgCl. 0-5 mM. CaCI: 1 -8 mM and HEPES 10
mM. All bacterial products and drugs were suspended or dissolved in this buffer and
adjusted to pH 7-4 unless otherwise stated.
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Dispersion oj human lung and tonsils
Adult patients with bronchial carcinoma and children with recurrent tonsillitis were
used in this study. None of them suffered from atopy or bronchial asthma. Fresh
macroscopically normal human lung, obtained at surgery for carcinoma of the lung.
and tonsils from tonsillectomies. were chopped finely with scissors, washed in HBSS
and resuspended in MEM (2 mt/g wet weight) containing 2 mg, ml pronase and 0-5 mg/
ml chymopapain [15]. The digestion was allowed to proceed for 30 min at 37 C with
occasional agitation. The freed cells were separated from the undigested tissue by
sequential sieving through 600 and 80 /tm nylon gauze, washed twice in HBSS and
resuspended in MEM with 0-02% DNAase. The remaining tissue was digested twice
more and the isolated cells from the three digests pooled. The cells were passively
sensitized in 10% serum from an atopic donor for 30 min at 37X. The cells were then
washed three times and resuspended in HBSS for the release experiment. The cell
dispersates from lung contained 1-5% mast cells and those from tonsils 0-03-0 06%
mast cells as assessed by metachromasia using Kimura stain [17].

Histamine relea.se experiments
In order to demonstrate bacteria-induced histamine release. 2 ^ x 10' mast cells were
equilibrated for 10 min at 37 C and then challenged with washed whole formalin-killed
bacteria (10 mg/ml wet weight) or anti-IgE (I %). The final incubation volume was 0-2
ml. Release reactions were allowed to continue for 30 min. Spontaneous release was
assessed in parallel samples incubated with buffer alone and total histamine content in
aliquots, which had been frozen and thawed three times.

In order to assess the calcium and energy requirements of bacteria- and anti-IgE-
induced histamine release, aliquots of 2-4 x lO-' mast cells were equilibrated to 37 C
for 10 min in HBSS then incubated for a further 10 min with EDTA 10 mM to cheiate
calcium. 2-deoxy-D-glucose 10 mM to inhibit glycolysis. anti-mycin A I pm to inhibit
oxidative phosphorylation or HBSS alone as control. Cells were then challenged with
whole formalin-killed bacteria, (10 mg/ml). or anti-IgE (1%), in a final volume of 0-2
ml as described above. In order to assess the effect of temperature on the histamine
release reaction, cell aliquots containing 2-4 x 10̂  mast cells, were equilibrated at 4,
25, 37 or 45 C before challenge with bacteria. anti-IgE or buffer. Similarly, to assess the
effect of hydrogen ion concentration on histamine release, the buffer was adjusted to
pH 6-4, 6-9, 7-4. 7-9 or 8-4 with 01 M HCl or NaOH and the aliquots of cells washed
once in buffer of new pH before final suspension and estimation of histamine release.

For time-course studies. 3-5 x 10'' mast cells were suspended in 3 ml HBSS and
equilibrated to 37 C for 10 min. Release was initiated by addition of 0-33 ml of whole
formalin-killed E. coli {WO mg/ml). anti-IgE (10%) or HBSS (spontaneous control). At
fixed time intervals between I min and 60 min. the cells were agitated and duplicate 0-05
ml samples removed into 0-2 ml of ice-cold HBSS containing lOmM EDTA to stop the
release reactions.

In order to assess the effect of desensitization of mast cells to anti-IgE on E. coli-
induced histamine release, an aliquot containing 3-5 x 10̂  mast cells in 3 ml was
divided into two halves, Onehalf was washed and then resuspended in HBSS (HBSS
without calcium and magnesium) before incubation for 30 min with anti-IgE at a final
concentration of 1 %. The cells were then separated by centrifugation and resuspended
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Table 1. Histaminf release from human lung and torsillar mast cells
induced by whole fornialin-kilkd bacteria (10 mg/ml wet wcighi)

Nel histamine release ("/„ total)*

Bacterium Lung mast cellst Adenoidal mast cellsj

E. coli 147+ I-8UI2) 22-2±2'6(21)
Eni.ctoucae 15'5 + 2 3 (5) 2 l 7 ± 5 - 9 ( 4 )
Stap/j. epidermidis I4-5 + 21 (13) 20-2±3-0(14)
P. vulgaris [4-2 ± 2-4 (7) 30-8 ± 40(10)
K.axyroca 11-7 ±2-1 (3) 10-1 ±2-7 (3)
K. pnciitjwnhie 11-2 ± 3-9 (4) i6'2 ± 2-3 (5)
5f<//>/i. (iwrmv (WHL) 8 ' 6 ± 1 4 ( I O ) 94 (2)
S.fiieculis 8-2 (2) 114 + 2-8 (4)
H. infhiciiziic (capsule

beitring) 1-8+ 1-3 (3) 3-9+ I'K (5)
Gp.B. streptoeocci 31 +0-7 (3) 12 (2)
Gp.A. strepltHocvi - 0 - 2 ± 0 ' S (3) 7'i (2)
Snep. pneumoniae - 0 ' 3 ± 1-3 (3) 16 ± 13 (3)
Sirep. minor - 0 4S (2) 0-8 (2)

Anti-IgE ( 1 % v/'v) l7-9 + 3'2 (12) 13-3+1-3(25)

"• Each rcsull is the mean + s.e.m, of two to iweiity-tivo experiments
(indieated in parenlheses) in which whole formalin-killed baeteria (10
mg/ml wel weight) were incubated with dispersed human lung or
tonsillar cells for 30 min.
t Spontaneous histamine release was 7-5 ± 4-6'>li (« = 12) for lung mast
cells and {9-9 + 1-3'̂ , in = 25) for tonsillar mast cells,

incomplete HBSS before further challenge with E. rf)//or anti-IgE. The other half of
the cell aliquot was treated similarly except that no anti-IgE was added during the
initial incubation.

Mediator assays
Histamine was measured by a single isotope histamine methyltransferase assay [18]
and release expressed as a percentage of total cell associated histamine corrected for
spontaneous release in the absence of stimulation. Bacterial products did not interfere
with this assay. Prostaglandin D^ was measured by radioimmunoassay [19]. Bacterial
products neither contained histamine nor interfered with the assays of histamine or

Results
Histamine release induced by whole formalin-killed bacteria from human lung and
tonsillar mast cells is shown in Table I. In each experiment, release induced by anti-IgE
(1%) was used as a positive control. The restilts show that E. coli. Ent. cloacae. Staph.
epidermidis. P. vulgaris, K. oxyloca and Â . pneumoniae were the most effective
histamine releasers. A similar spectrum of secretory activity of bacteria was seen in
both tonsillar and lung mast cells (correlation coefficient = 0-876. /'<0-OOI). By
contrast. H. infiuenzae (capsule bearing type) and streptococci were ineffective in
inducing histamine release. Further studies on the mechanism of bacterial histamine
release were undertaken usine E. coli.
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Fig. I. Histamine release induced from hiiinan tcmsillar must cells by whole formalin-killed E. coli. Results
are mean ± s.e.m. from six experimcnls in which cells were incubated with E. aili for .10 min, Sponlatieoiis
hislamine release in these experiments was 112 ± 2-7"'Ji.
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Fig. 2. Time courses for whole rormalin-killcd £.(•<//((•—•);indanli-lgF(O O) induced hisiuminc release
from human lonsillar musl cells. The resiilis show the me^m nel hislaminc release ± s.e.m. from four
experiincnls in which cells were incub;ilcd with /•.'. ic// (10 mg mil or aiUi-lgF, (1 ".-I.
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Table 2. Calcium and energy requirements of histamine release induced from
human tonsillar mast cells by whole formalin-killed E. coli and anti-IgE

Treatment

Whole formalin-killed E. coli
Control
CaFree + EDTA (10 mM)
Glucose free +

2-deoxyglucose (10 mM)
Antimycin A (1 mM)

Anti-IgE
Control
CaFree-l- EDTA {10 mM)
Glucose free -»-

2-deoxyglucose (10 mM)
Antimycin A (1 mM)

Net histamine
release

(%± s.e.m,)

23-0 + 2-1*
16-0 ±2-3

14 2 ±2-6

13-6 ±2 '8
-0- i ±0-9

0 2 ± 0 ' l
- 1 9 ±2-0

Inhibition
of control

(% ± s.e.m.)

—
29-4 ± 10-6

- 5 4 ± 9-3
37-7±I0'5

96-4 ± 8 4

98 4 ± 1-0
112-1 ± 17'3

Significance is
control

P<005

n.s.

P< 0-001

* Each result is the mean of four experiments in which cells were challenged with 10
mg./ml whole formalin-killed E. coli or 1 % anti-IgE in complete HBSS or following
10 min pre-incubation with inhibitors as indicated. Mean spontaneous histamine
release was 8-6 + 2-2"'̂ i.

Whole formalin-killed E. coli induced a concentration-related release of histamine
from tonsillar mast cells in six experiments (Fig. 1). The relationship was linear up to
the maximum concentration used {10 mg/ml) at which 35-7 ± 6-4% net histamine
release occurred.

The time course of E. co/;-induced histamine release was assessed in four
experiments in which tonsillar mast cells were incubated with whole formalin-killed
bacteria or anti-IgE for between 1 min and 60 min (Fig. 2). Histamine release assessed
at 1 hr was similar for both secretagogues. being 14>6± 1-5% for E. coli and
12-8 ± 0 6% for anti-IgE, In contrast, with anti-IgE-induced release, which was
complete within 10 min, E. coliindnced a slow release of histamine, which plateaued at
30 min. The initial velocity of E. co/Z-induced release was 0-45 ± 0'08 net % histamine
release/min compared with 1 -79 ± 0-37 for anti-IgE. Analysis by paired Student's r-test
showed these release rates to be significantly different (P<0-05).

The calcium and energy requirements of histamine release induced by whole
formalin-killed bacteria were compared with those induced by anti-IgE in four
experiments (Table 2). Pre-incubation of cells for 10 min prior to challenge with EDTA
(10 mM). in the absence of extracellular calcium or with 2-deoxygIucose (10 mM) in the
absence of extracellular glucose, completely abolished the response to anti-IgE. In
contrast, the secretory response to E. coli was only reduced by 294 + 10-6% (? < 0'05)
by calcium deprivation and unaffected by glucose deprivation, Uncoupling of
oxidative phosphorylation with antimycin A (1 /JM) partially, 37-7 ± 105%, inhibited
E. co/Z-induced histamine release whilst completely blocking that induced by anti-IgE.

The effect of variation of incubation temperature on E. coli- and anti-IgE-induced
histamine release was assessed in three experiments (Fig. 3), With both secretagogues,
little or no histamine release was observed at 4-C, and between 25X and 37=C a
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Fig. 3. Effect of incubation temperature on histamine release from human tonsillar mast cells induced by
whole formalin-killed E. fo/; (10 mg/ml, • • ) and anti-lgE (I'l^., 0 — 0), Each result is the mean ± s.e.m
net histamine release for three experiments in which spontaneous releases were 5'7 ± QA% at 4 X ;
4'3± 1-6% at 25X; 6-7 ±0-7% at 30 C:8 '7± 17% at 37 C and 11-8 ± 2 4 % at 45 C.
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Fig. 4. The effect of pH on histamine release from human tonsillar mast cells induced by whole formalin-

killed E. coli (10 mg/ml, • • ) and anti-IgE (1"/ . , O — O). Each result is the mean ± s.e.m. for three

experiments in which spontaneous releases were t8 '0 ± i-5% at pH 6'4; 17'7 ± [1% at pH 6'9; 20-4 x 2-8%

at pH 7 4 , 20'7 ± 2 ' 3% at pH 7 9 and 22-5 ± 3 '8% at pH 8 4 .

plateau of release was seen. However, increasing the temperature to 45'C caused a
marked increase in histamine secretion induced by E. coli while suppressing that
induced by anti-IgE.

The effect on pH on the histamine release reaction was assessed in three
experiments (Fig. 4). There was no significant difference between histamine release
induced by E. coli within the pH range 6-4 to 8-4. However, with anti-IgE, release was
significantly less at pH 6 4 and pH 69 when compared to higher pH levels {P<0-05).
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Table 3. Pros t;j gland in D; and hisliimirif relca.sc induL-L'd from hum;m tonsillur masl cells hy
whole Ibrmiilin-killcd E. coli. anti-IgE and calcium ionophore A2.3IS7

Net PtiDz release Ing ml) Nel histamine release {"/..)

Treatment Experiment 1 Experiment 2 H.\pcrimc'nt 1 Experiment 2

WFK E. coli (10 mg/ml) 1640* 1340
anti-IgE {{"/.,) 3440 iftSd
A23187(l HM) 7240 2f.H0
Spontaneous (1560) (1220) (21-5) (20-H)

* The results shou nel mediittor release (ecrreeted for sponianeoLis rcleiise) for two e.xperimenis in
which lonsillar eells were ineubated wilh seeretagogues for 30 min.

Table 4. Elfect of sugars on histamine release fnim human tunsillar ma.st cells

29-2

20-9

24-1

21-3

LV6
14-1

Secretagogue

E. (-o//(5 mg/ml)
Anti-IgE (0'5"'.,)
A23187(0-5/<M)
SponUincoLis

0

16-2 ± 4
10 3 ± 4
14-9 + 4

Net histamine release {%)

Concentration of sugar mixture (mg/ml)*

1-25

-2 137 ±4-8
-5 11-2 + 3-9
-4 12-7 ±3-1
•2) (7-8 ±3-3)

2-5 50

[ 4 4 ± 4 8 11'3 1 3
11-6 ±4-5 14-8 ± 6
ll-f^±3-4 151 ± 1
(«-2±.V0) III-9 ± 2

1-9

-9

1)

* The sugar mixture contained the amount slated of each of ihe tbilowing sugars:
a-methyl-D-glucoside, a:-methyl-D-m:mnoside, N-acetyl-D-glueosamine,
D-glucose, D-mannose, D-galactosc and L-rhiimnose. Cells were incub;ited for
10 min wjlh this mixture before indtiction of histamine release in tliree experimenis.

The ability of £. (W/to release the newly generated must cell mediator. PGD;, was
assessed in two experitiicnts. The results (Table 3) showed E. coli to he a less efTective
inducer of PGD2 release thati either anti-IgE or calcium ionophorc A23187. For
comparative purposes. PGD: generation (ng/ml per I "o histamine release) was 59-6 for
E. coli, 144-1 for anti-IgE and 245-2 for A23I87. In two experiments involving lung
mast cells of 5 and 50% purity. E. cW/-induced histamine release was not accompanied
by release of laetic dehydrogenase.

Effect of sugars on E. co\i-induced histamine release
In order to examine whether carbohydrate residues of the bacterial wall induced
histatnine release by a leetin-iike action, (wo series of experiments were performed.

In the first, tonsillar mast cells were pre-ineubated for 10 min with a mixture of
sugars containing 1-25 to 5 mg/ml of each of a-methyl-D-glucoside. a-methyl-D-
mannoside. N-acetyl-D-glucosamine. D-glueose. D-mannose, D-galactosc and
L-rhamnose before challenge with bacteria [20]. In three experiments (Table 4), the
histamine release response to E. coli was reduced by 3()-() ± 6-5'y,> at 5 mg/ml of sugar
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Kig. 5. Theelleel of desensitization toanli-IgEnii hi.sUimine release from human tonsillar masl uellsindueed
b> whole formalin-killed E. coli. Results are mean ± s.e.m. of four experimenis in whitli lonsillar mast cells
uerepre-incuhiited with anti-IgE (10"..) in HBSS (A and A) or HBSS alone ( • and O);tnd subsequently
ehallenged with E. IIIIHA and • ! or anli-lgE (A and O). ( ) = Challenge alone: ( ) = desensitized in
anti-IgE.

mixture. In contrast, histamine release induced by anli-IgE and A23I87 was totally
unaffected by sugars.

In the seeond series of experiments, the ability of peptidoglyean purified from
Stitpli. aureus to induee histamine release from (onsillar mast eells was exatnined. In
four experiments, ineubation of eells for 30 min with 2 mg/ml of two peptidoglyean
preparations. EI369 and E2371 [16] failed to induee histamine release. In ihe same
experiments net histamine release induced by E. coli{ 10 mg/ml) a-id anti-IgE (I 'V,,) was
24'S + S'A'V. and 14'I ± 3-4"',,. respectively.

Interaction ofE. coli and anti-I^E stimulation
In order to examine (he possibility of whether E. co/Z-stimulated mediator seeretion
shared a common mechanism with IgE-dependent stimulation, interactive studies
between the two seeretagogues were performed. In four experiments, suspensions of
tonsillar mast eells were divided into two halves, one being ineubated with 10"/o anti-
IgE for 30 min in the absence of extraeellular calcium and magnesium and the other in
the incomplete buffer alone. The results (Fig. 5) showed that pre-incubation with anti-
IgE desensitized the eells to subsequent anti-IgE challenge in the presenee of divalent
eations but that release induced by E. coli was unaffeeted.

Experiments were also performed to examine whether E. (YJ//eould potentiate IgE-
dependent histamine release and vice versa. In five experiments. anti-IgE (1 "z^) indueed
17-4±4-0"o histamine release and E. coli (2'5 tng/ml) 23-3 + 3-7''o. Simultaneous
addition of the two agents released 33-1 ± 5-\"/u histamine, significantly lower than the
predicted additive release. 40-8 ± 6-0'V., (/'<0'()5). Experiments were also eonducted
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with a synchronous addition of stimulants. In three experiments, anti-IgE stimulation
was followed 15 min later by addition of E. coli and the release reaction allowed to
proceed fora further 30 min. Histaminerelease was37 7 + 3 7%. Histamine release by
anti-IgEandf, co/( separately in these experiments was 20-4 ± 5-3% and 20'1 ±A-9%,
respectively, giving a predicted additive release of 40-5 + 4'4%. In three further
experiments the reverse order of stimulant addition was used, i.e. E. coli 15 min before
anti-IgE. Release here was 45 '3±4 '3%. Release induced by E. coli and anti-IgE
individually was 26-9 ±5-1% and 213 + 49%, respectively, giving a predicted
additive release of 48 2 ± 6-7%. These results provide no evidence for an interaction
between the two secretagogues.

Discussion
This study demonstrates that incubation of mast cells from the human respiratory tract
with killed bacteria results in their activation for mediator release. In the present
studies we have used mast cells isolated from both lung and tonsils as representative
sites ofthe lower and upper respiratory tract. In previous studies we have been unable
to demonstrate any functional differences between mast cells obtained from these two
sources [15,21]. The wide spectrum of baeteria that induced release, might suggest a
common mechanism sueh as eross-linkage by baeteria IgE-antibodies bound to the
mast cell surface, Such a mechanism is, however, unlikely for two reasons. Eirstly, the
characteristics of mediator release with bacteria were quite different from that of IgE-
dependent release in respect of kinetics, temperature and pH profiles together with
marked differences in the sensitivity of the two secretory stimuli to metabolic
inhibitors. Secondly, it is unlikely that the two populations of tissue donors, adult
patients with bronchial carcinoma and children with recurrent tonsillitis, were all
similarly sensitized to the same bacteria. However, bacteria-induced histamine release
caused by an IgE-dependent mechanism might occur in different patient categories
since this mechanism has been demonstrated in studies of basophil histamine release in
patients suffering from bronchial asthma or the syndrome of immune deficiency
[10.1!].

The potency order of bacteria in causing histamine release (Table I) suggests that,
in general, Gram-negative bacteria are more active than Gram-positive bacteria. It is
noteworthy that two organisms that frequently colonize the respiratory traet,
H. infiuenzae and group A streptococci, induced little or no histamine release. The
capsule bearing form of H. infiuenzae used in these experiments did not release
histamine from human basophils [16]. However, the aeapsulated form, which, rather
than the capsulated form, is found in asthma and chronic bronchitis, induces basophil
histamine release by an IgE-dependent mechanism [10]. Furthermore, the capsulated
group A streptococci also fails to release histamine from human basophils except when
an IgE-dependent mechanism is demonstrable. It is possible, therefore, that the
polysaccharide capsules of H. infiuenzae and group A streptococci are preventing an
interaction ofthe bacterial cell wall with mast cells, a situation that would not occur
with aeapsulated or disintegrated bacteria.

As E. coli was amongst the most active histamine releasers in our experiments, this
bacterium was used for further studies designed to elucidate its mechanism of action.
In time-course studies, the concentrations of E. coli and anti-IgE used were those that
induced a similar amount of histamine release in concentration-release studies. Under
these conditions, the maximum velocity of histamine release was approximately four
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times greater for anti-IgE than E. coli. suggesting the mechanisms of release to be
different. Eurthermore. whereas IgE-dependent release was optimal when pH and
temperature were in the physiological range, release induced by E. coli was not
obviously pH dependent and increased with temperature up to 45'C. The final piece of
evidence that E. co/(-induced histamine release did not involve the cross-linkage oflgE-
Ec receptors was that immunological challenge of cells in the absence of extracellular
calcium rendered them insensitive to subsequent anti-IgE challenge whereas the
response to E. coli was unaffected.

The obvious question that arises from these results is whether E. ^//-induced
histamine release is a manifestation of cytotoxicity. Evidence, although not equivocal,
would suggest that it is not. Eirstly. E. co//-induced release was shown to be partially
dependent on extracellular caleium and an intaet oxidative phosphorylation pathway,
although it did not require extracellular glucose as a source of energy. Secondly, the de
novo synthesis ofprostaglandin D2 by mast cells would require the concerted aetions of
eyclooxygenase and PGD: synthetase enzyme, a sequence of events unlikely to occur
under cytotoxic conditions. Thirdly, we found no release of laetate dehydrogenase by
E. coli stimulation in two experiments using lung mast cells of 5% and 50% purity,
respectively.

The experiments of Norn and co-workers [9,10] have suggested that bacteria can
release histamine from human basophils through a lectin-mediated mechanism, i.e.
that sugars on the bacterial cell wall interaet with lectins on the basophil cell
membrane. This mechanism has been demonstrated for mediator release induced by
S. aureus, since the release was partially inhibited by high levels of exogenous
monosaeeharides and disaccharides that block lectin binding sites [11,20]. In analogy,
the exogenous sugars caused partial inhibition of E. co/Z-induced histamine release
without affecting the release caused by other types of stimulators such as anti-IgE and
A23187 (Table 4). The inhibition off. coli was smaller than by Staph. aureus (20% vs
45-75%), which suggests that a lectin-mediated mechanism might be of minor
importance by E. ro//-induced histamine release in adenoidal mast eells than in
basophil histamine release caused by Staph. aureus. The finding that peptidoglyean
isolated from Staph. aureus failed to induce release from tonsillar mast cells indieates
that the suggestion of peptidoglyean sugars being involved in bacteria-induced
histamine release [16] might be of no significance in adenoidal cells.

On this basis we suggest that other mechanisms than lectin-mediated reaetions
might also be involved in baeteria-indueed mediator release. Activation of mast cells
by bacterial extracts may occur by a mechanism similar to that involved in
hyperosmolar-induced histamine release. Unlike hypo-osmolar lysis, hyperosmolar
stimulation of basophils and mast cells is non-eytotoxic. only partially dependent on
extraeellular ealcium and not diminished by glucose deprivation or 2-deoxy-D-
glucose. In human basophils and mast cells, hypertonie stimulation markedly
enhances IgE stimulation [22]. However, in our experimenis with E. coli there was no
synergistie interaction between anti-IgE and bacterial stimulation.

Finally, we eannot exelude the possibility that endotoxins in the killed bacteria
preparations are responsible for mast eell activation. Such an explanation would be
supported by the findings that Gram-negative bacteria were generally more active than
Gram-positive organisms (Table 1). Furthermore. E. coli haemoiysins and adhesins
have been shown to participate in the release of inflammatory mediators from human
polymorphonticlear granulocytes and histamine from rat mast cells [23,24]. In
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contrast, endotoxins do not release histamine from human basophils but they do,
however, potentiate IgE-dependent release [25].

In conclusion, we have demonstrated that whole formalin-killed bacteria induce
histamine release from human lung and adenoidal mast cells. The mechanism of
relea.se was not found to be IgE-dependent but does not appear to be cytotoxie.
Further experiments employing purified preparations of individual bacterial products
will be necessary to elucidate the mechanism of the response.
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