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Content analysis and mechanism of formation of the cytoplasmic
granules induced by exotoxin A of Pseudomonas aeruginosa in rat

peritoneal macrophages
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previous study has shown that ETA at 50-100
ng/ml could cause necrosis and apoptosis in rat
peritoneal macrophages (RPM). However, ETA
at 10 ng/ml induced a reversible pseudopodia
contraction and formation of cytoplasmic
granules due to dilatation of rough endoplasmic
was hemocolor and Alcian blue positive but
negative for OsO4, ail red, and Sudan 111. When
compared at the level of per viable cell, the RNA
and protein synthesis became enhanced at
10-100 ng/ml ETA after 12-24 h post-incubation
(HP1). ETA could induce murine peritoneal
macrophages to secrete IL-1. Our preliminary
result of IL-1 bioassay also showed that there
was IL-1 activity in cell lysate but not in culture
supernatant of ETA-treated RPM. To further
characterize the content of the dilated RER and
its underlying mechanism, the possible
involvement of IL-1a, IL-1B, IL-1 receptor
antagonist (IL-1Ra), and/or other cytokines in
the cytoplasmic glycoprotein accumulation;
whether the accumulated cytokine(s) possessing
normal  function; and the role of
cytoskeleton-related secretion dysfunction in
formation evaluated in

granular were

Abstract

Pseudomonas aeruginosa is a common
opportunistic pathogen. Exotoxin A (ETA) is the
major determining factor among al of the
substances secreted by P. aeruginosa associated
with its virulence. It inhibits mammalian cell
protein synthesis and can also influence the host
immune function. The LDs, of ETA in mice
following intraperitoneal injection is
approximately 0.2 ug. Macrophages are essential
for host defense and immune regulation.
However, information regarding the effects of

ETA on macrophages is rather limited. Our

macrophages play an important role in both
inflammation and immune regulation, it is
reasonable to speculate that these ETA-induced
effects on macrophages may certainly interfere
with the normal operation of the host defense

system.
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ETA-treated RPM by immunofluorescent stain,
bioassay, and ELISA. The effects of LPS on the
recovery of ETA-treated RPM functions,
particularly on cytokine production, were also
studied. The

staining for IL-1a, IL-1B, IL-1Ra, IL-6, and

indirect immunofluorescence
TNF-a revealed that the granules were strongly
positive for IL-1a but weak or no signals for
IL-1B, IL-1Ra, IL-6, and TNF-a. The results of
ELISA and IL-1 bioassay of ETA-treated RPM
showed that there was only a small amount of
IL-1a, IL-6, and MCP-1 and minimal IL-1
bioactivity, but no detectable IL-13, IL-8, and
TNF-a in the cell lysate; no detectable IL-1a
and IL-1B, but a small amount of IL-6, IL-8,
TNF-a and relatively more MCP-1 in the
supernatant. On the contrary, evident IL-1
bioactivity and both IL-la and IL-13 were
detected in the cell lysate and supernatant of the
LPStreated RPM with IL-13 predominant
besides a relatively large amount of 1L-6, IL-8,
TNF-a, and MCP-1 in
However, when the ETA-treated RPM were

the supernatant.

further stimulated with LPS, a large amount of
bioactive IL-1 was produced; its cytotoxicity to
A375.52 cells could be neutralized by the
addition of anti-rat IL-1a antibody but not by
anti-rat IL-1B, anti-rat TNF-a, and anti-ETA
antibodies. The results indicated that ETA could
not only cause death in RPM but also selectively
induce the formation of low-bioactivity IL-1a
precursor-rich cytoplasmic granulesin RPM and
the IL-1a precursor could become mature and
secreted with the subsequent help of LPS. Since
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ETA

ETA

dinitrophenylated keyhole
hemocyanin (DNP-KLH)

limpet
T-dependent
trinitrophenylated-Ficoll

(TNP-Ficoll) T-independent
10-100 ng ETA
anti-Thyl.2 T
ETA
T
ETA ETA

TNF  lymphotoxin
(Staugas et a., 1992)
50-100 ng ETA
(PMN) PMN
(Miyazaki et al., 1995) ETA
DBA/2J
C57BL/6J
DBA/2J

(Preston et al., 1991)

ETA
Pollack
30-120 ng/ml ETA
DNA

Anderson (1978)

500-1000 ng/m
ETA
(Weber et al., 1982) Misfeldt
ng/ml ETA
-1(interleukin-1, 1L-1)
100 ng/ml ETA
IL-1

(1990) 50

Alcian blue

Sudan 1

hemocolor
Os0O4 oail red



RPM  RNA

(RPM) ETA
RPM 0, 1, ETA
10,50 100 ng/ml ETA 3 IL-1 ETA RPM
60 MTT
DNA RNA IL-1
IL-1
trypan IL-1
blue RPM
ETA ELISA
(1) ETA RPM
MTT DNA RNA IL-1 IL-1a  IL-1B8 /
1-50 ng/ml ETA IL-1Ra (IL-1 receptor antagonist)
24-36 RNA 2
(3) lipopolysaccharide
10-100 ng/ml 12-24 (LPS) ETA RPM
MTT DNA RNA
50 100 ng/ml 24
RPM
(apoptosis) 10 ng/ml 24 RPM 10 ng/ml ETA
36 48
1ng/ml ETA RPM IL-1a IL-18
ETA IL-1 receptor antagonist (IL-1ra) IL-6
TNF-a
ETA
50 100
ng/ml ETA 12-24 IL-lra IL-6
12 IL-1a
IL-1a ELISA
100 ng/ml ETA

RPM IL-1o IL-13 IL-6



ETA

5 pm transwell
ETA
50 100 ng/ml ETA
3
12 1 ng/ml

IL-8 TNF-a MCP-1

IL-1a
ETA
48
36 48
MCP-1

10 ng/ml ETA

IL-1

IL-1a
RPM
10 ng/ml

IL-8

A375.52

36



MCP-1

IL-8 IL-6
TNF-a IL-1a B
IL-10/B
IL-1a lipopolysaccharide
(LPS)
IL-1 IL-1a
A375.82
IL-183  TNF-a
ETA
IL-1a IL-1a
ELISA
IL-1a IL-1B IL-6 IL-8 TNF-a
MCP-1 36 48
RPM MCP-1
IL-8 IL-6
10 ng/ml ETA MCP-1 IL-8
IL-6 TNF-a
IL-10/B
10 ng/ml ETA IL-6
IL-1a
LPS MCP-1
ETA
IL-1B
IL-1a  1L-18
ETA 36
RPM  LPS IL-1a
TNF-a IL-8
MCP-1
ETA
LPS LPS
IL-13  IL-6
IL-1a LPS

TNF-a IL-6 IL-8 MCP-1

ETA

ELISA ETA
RPM
ETA
ETA RPM
IL-1a IL-1a
IL-1a ETA

Cellular Immunology (
6)

1 ; , . .1985.

.18:37-43.

2. Cusumano, V., Tufano, M.A., Mancuso, G.,
Carbone, M., Fera, M.T,
Ciliberti, FA., Ruocco, E., Merendino, R.A.,
and Teti, G. 1997. Porins of Pseudomonas

Rossano, F,

aeruginosa induce release of tumor necrosis
factor apha and interleukin-6 by human
leukocytes. Infect. Immun. 65: 1683-1687.

3. Grigis, A., Goglio, A., Parea, M., Gnecchi, F,
Minetti, B., and Barbui, T. 1993. Nosocomial
outbreak of severe Pseudomonsa aeruginosa
infection in haematological patients. Euro. J.
Epidemiol. 9:390-395.

4. Grundmann, H., Kropec, A., Hartung, D.,
Berner, R.,, and Daschner, F 1993

Pseudomonas aeruginosa in a neonatal

intensive care unit: reserovirs and ecology of

tha NnNnen~rnmi al nathnnon 1 Infoant



ETA

IL-1a
IL-1a ETA
IL-1a RPM
LPS ETA
RPM
IL-1a
ETA

elongation factor 2in vitro and in vivo. Infect.
Immun. 15:138-149.

8. Kristin, A., Hogquist, A., Unanue, E.R., and
Chaplin, D.D. 1991. Release of IL-1 from
mononuclear  phagocytes. J.  Immunol.
147:2181-2186.

9. Liu, P.V. 1966. The roles of vaious fractions of
Pseudomonas aeruginosa in its Pseudomonas
aeruginosa. Can. J. Microbiol. 31: 387-392.

10. Misfeldt, M.L., Legard, PK., Howell, S.E.,
Fornella, M.H., and LeGrand, R.D. 1990.
Induction of interleukin-1 from murine
peritoneal macrophages by Pseudomonas
aeruginosa exotoxin A. Infect. Immun.
58:978-982.

11. Miyazaki, K., Matsumoto, T., Tateda, K.,
Ohno, Y., and Yamaguchi, K. 1995. Role of
exotoxin A in inducing severe Pseudomonas
aeruginosa infections in mice. J Med.
Microbiol. 43:169-175.

12. Pollack, M. and Anderson, SE. 1978.
Toxicity of Pseudomonas aeruginosa exotoxin
A for human macrophages. Infect. Immun.

19:1092-1096.

13. Preston, M.J., Berk, JM., Hazlett, L.D., and

the nosocomial

Dis.168:943-947.

pathogen. J. Infect.

. Holt, PS. and Misfeldt, L. 1984. Alteration of

murine immune response by Pseudomonas
aeruginosa exotoxin A. Infect. Immun. 45:

227-233.

. Huang, Y-T., Jeng, C.R., Cheng, C.-H., Chueh,

L.-L., Liu, J J, and Pang, V.F 2003.
Morphological and immunological evidence
of a unique selective production and
endoplasmic  reticular  accumulation  of
interleukin-1 o in rat peritoneal macrophages
induced by Pseudomonas aeruginosa

exotoxin A. Cell. Immunol. 221: 143-156.

. lglewski, B.H., Liu, PV., and Kabat, D. 1977.

Mechanism of action Pseudomonas

aeruginosa exotoxin A: adenosine

diphosphate-ribosylation of mammalian



Berk, R.S. 1991. Serum antibody response to
Pseudomonas aeruginosa antigens during
corneal infection. Infect. Immun.
59:1984-1990.

14. Staugas, R.E., Harvey, D.P, and Ferrante, A.
1992. Induction of tumor necrosis factor (TNF)
and interleukin-1 (IL-1) by Pseudomonas
aeruginosa and  exotoxin  A-induced
suppression of lymphoproliferation and TNF,
lymphotoxin, gamma interferon, and IL-1
production in human leukocytes. Infect.
Immun. 60:3162-3168.

15. Ulmer, A.J., Pryjma, J., Tarnok, Z., Ernst, M.,
and Flad, H.D. 1990. Inhibitory and
stimulatory  effects  of Pseudomonas
aeruginosa pyocyanine on human T and B
lymphocytes and human monocytes. |Infect.
Immun. 58:808-815.

16. Vidal, D.R., Garrone, P, and Bancherean, J.
1993. Immunosuppressive  effects  of
Pseudomonas aeruginosa exotoxin A on
human B-lymphocytes. Toxicon 31:27-34.

17. Weber, B., Nickal, M.M., Jagger, K.S., and
Saelinger, G.B. 1982. Interaction of
Pseudomonas exoproducts with phagocytic

cells. Can. J. Microbiol. 28:679-685.






