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Endotoxin tolerance reduces the capacity of monocytes to produce proinflammatory cytok-
ines, results in cellular immune paralysis, and down-regulates the production of helper T (Th)1
type cytokines with a shift toward a Th2 cytokine response. Prostaglandin (PG)E; in the
immune system also results in macrophage inactivation and the suppression of Th1 activation
and the enhancement of Th2 activation. However, the inhibitory effects of PGE, on the altered
polarization of the Th cell and macrophage interleukin (IL)-6 production characterized in part
by cellular immune paralysis in a state of endotoxin tolerance is unclear. This study was under-
taken, using indomethacin, to investigate the role of endogenous PGE; on the Th cytokines
and macrophage Il.-6 production in a state of endotoxin tolerance compared to those with
endotoxemia mice, wherein, in this latter case, the increased production of proinflammatory
cytokines and PGE; is exhibited. Endotoxemia was induced by injection of lipopolysaccharide
(LPS; 10 mg/kg in saline) i.p. once in BALB/c mice, and endotoxin tolerance was induced by
pretreatment with LPS (1 mg/kg in saline) injected i.p. daily for two consecutive days and then
with LPS 10 mg/kg on day 4. Splenocytes or macrophages were obtained from endotoxemia
and endotoxin tolerance models pretreated with indomethacin, and then cytokine production
was induced by Con A-stimulated splenccytes for the Th cytokine assays and LPS-stimulated
macrophages for the IL-6 assay. Our results showed that endotoxemia led to significantly
reduced IL-2 and IL-4 production, to significantly increased IL-6 production, whereas inter-
feron (IFN)-y production was not affected. Indomethacin in the case of endotoxemia markedly
attenuated IFN-y and IL-6 production and didnt reverse IL-2 and IL-4 production. Endotoxin tol-
erance resulted in the significantly reduced production of IL-2 and IFN-y and the significantly
increased production of IL-4 and IL-6. Indomethacin in endotoxin tolerance greatly augmented
IL-2 production, significantly decreased IL-4 production, and slightly attenuated IL-6 produc-
tion. These findings indicate that endogenous PGE, may mediate the suppressed Th1 type
immune response, with a shift toward a Th2 cytokine response in a state of endotoxin toler-
ance, whereas endotoxemia may be regulated differentially. Also, endogenous PGE, may
mediate macrophage IL-6 production in the case of endotoxemia to a greater extent than in the
case of endotoxin tolerance.
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INTRODUCTION

Endotoxin, a component of the outer cell membrane of
gram-negative bacteria, plays a central role in the patho-
genesis of gram-negative sepsis through the action of
proinflammatory cytokines. Even though it triggers the in-
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flammatory cascade associated with sepsis, including the
production of proinflammatory cytokines and PGE,, com-
plicated mediators induced by endotoxin lead to macro-
phage activity being enhanced and helper T cells being
attenuated. Consequently, endotoxin has been used as a
T-independent antigen promoting humoral immune re-
sponse (Morrison and Ryan, 1979; Diao et al., 2002).
Endotoxin tolerance reduces the capacity of monocytes
to produce proinflammatory cytokines known to induce
endotoxemic lethality, including tumor necrosis factor (TNF)-
o and IL-1 (Munoz et al., 1991), and enhances protection
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against endotoxic lethality (Lehner et al., 2001). However,
endoto in tolerance induces a state of ceilular immune
paralys s characterized by the suppressed production of
Th1 cyiokines and the reduced production of IL-12, which
can lezd {o fatal blunting of immunological responses to
subseq.ent infections in survivors of septic shock (Karp et
al., 19¢8; volk et al., 2000; Wysocka et al., 2001).

A Tr1-rnediated response is known to enhance cell-
mediatied mmunity, while a Th2-mediated response is as-
sociated with the humoral immunity that is elevated IgE
levels ¢inc easinophilia (Abbas et al., 1996). The Th1/Th2
balance plays an important role in resistance to certain
infections, in transplantation rejection, and in susceptibility
to auto mmunity (Mureille and Leo, 1998). Endotoxin tole-
rance ¢ ttenuates the production of Th1 cytokines, such as
IL-2 an i IFFN-y, induces an alteration of the Th1/Th2 balance
(IFN=y/ L), and up-regulates the production of IL-4 which
is resp nsible for the inflammation of IgE-mediated allergic
diseas: (Castro ef al., 1998; Lauw, et al., 2000). Endotoxin
toleran ce was found to decrease production of IL-6 in peri-
pheral blcod mononuclear cells (Dinarello et al., 1991). In
contrast, Zhen et al. (1994) and Erroi et al. (1993) report-
ed tha IL-6 production was maintained or even increased
in endotoxin tolerant macrophages.

On t1e other hand, PGE, plays a predominant role in the
inflamina ory response caused by gram-negative infection
or LPS.. PGE, is related to immune-suppression including
T-lymghozytopenia, dysfunction of T lymphocytes, monocyte
inactiv ation, and metastases in cancer patients (Choudhry,
et al., 1995; Menetrier-Caux et al., 1999). PGE, results in
the decre:ased capability of lymphocytes to produce Th1
cytokir es, with a shift toward a Th2 cytokine response and
the prodiction of the immunoglobulin class tending to
switch to gE (Roper et al., 1995; Betz and Fox, 1991). PGE;
attenuate s the activation and capability of T lymphocytes
to prodluce Th1 cytokines with a shift toward a Th2 cytokine
respoiise, enhances the production of IL-4 and IL-5, and
incites the production of the immunoglobulin class switch-
ing to Ig= (Betz and Fox, 1991; Minakuchi et al.,, 1990;
Roper et al., 1995). Endogenous PGE; has been reported
to au¢ ment IL-6 production (Hinson et al., 1996; Williams
and Snarter, 1997).

On he production of PGE; during endotoxin tolerance,
Rogeis ef al. (1986) reported that stimulation of prostag-
andir and thromboxane B2 synthesis by endotoxin was
signifizantly less in endotoxin tolerant macrophages com-
pared to controls. Howes et al. (1985) demonstrated that,
in raboits tolerant to LPS, LPS failed to elevate PGE, and
thromborane B2 in the agueous humor. Chemo et al.
(1997) damonstrated that endotoxin tolerance is indepen-
dent of the hypothalamic production of PGE,, induced in
respcnse to the repeated administration of LPS. Chen et
al. (199<) reported that endotoxin tolerance also attenuat-
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ed the production of arachidonic acid metabolites as well
as proinflammatory cytokines. In contrast, Li et al. (1994)
reported that the induction of LPS tolerance significantly
augmented IL-1 and PGE; release. Hafenrichter ef al.
(1994) reported that Kupffer cells, in the case of endotoxin
tolerance, produced significantly more PGE, and IL-6
than nontolerant Kupffer cells.

The role of endogenous PGE, on the altered polariza-
tion of the Th cell, which is characterized in part by a state
of cellular immune paralysis associated with endotoxin
tolerance, remains unclear. Therefore, this study was carri-
ed out to investigate the inhibitory effect of PGE, synthesis
using indomethacin, a potent PGE, synthesis inhibitor and
anti-inflammatory agent, on Th cytokines and macrophage
IL-6 production, in a state of endotoxin tolerance, as com-
pared to their production in a state of endotoxemia, wherein,
in this latter case, the increased production of proinflam-
matory cytokines and PGE; is exhibited.

MATERIALS AND METHODS

Animals

Female BALB/c mice (6 weeks of age) weighing 17-21
g were used. The animals were maintained on a 12-h
light/dark cycle at 22 +2 and 50 + 10% relative humidity
throughout the whole experimental period, and held for a
minimum of 4 days before treatment. Mice were given
animal chow (Jeil Ind. Ltd., Korea) and provided tap water
ad libitum, but were deprived of animal chow for 16 hr
prior to sacrifice.

Induction of endotoxemia and endotoxin tolerance

To induce endotoxin tolerance, the BALB/c mice were
injected intraperitoneally (i.p.) daily for 2 consecutive days
with a dose of 1 mg/kg LPS (Escherichia coli Serotype
0127:B8, Sigma Co., Ltd., U.S.A)) diluted in saline, and
they received ip a challenge dose of LPS 10 mg/kg on
day 4. To create the endotoxemia group (hereafter referred
to as endotoxemia mice), endotoxemia was induced by
ip. treatment of LPS 10 mg/kg once and controls received
saline with the same regimen.

Preparation of lymphoid cells and induction of
cytokines

Splenocyte suspensions were prepared from saline-
injected control, endotoxemia and endotoxin tolerant mice
using Hanks' balanced salt solution (HBSS; Gibco Co.,
Grand Island, N.Y., U.S.A.). Erythrocytes in the single cell
suspension were lysed by brief treatment with sterile
0.83% (wt/vol) ammonium chloride solution. Subsequently,
the cells were washed three times with HBSS and resus-
pended into a suspension of 3x 107 cells/mi with RPMI
1640 complete medium. The culture medium consisted of
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RPMI 1640 (Gibco Co., Grand Island, N.Y., U.S.A.) sup-
plemented with 10% fetal bovine serum, 100 U/ml penicillin
G, 100 ug/ml streptomycin, 1 mM HEPES buffer, and 0.3
% sodium bicarbonate. The cell viability was determined
by trypan blue exclusion and consistently exceeded 90%.

To induce cytokine release, 100 ul splenocyte suspen-
sions (3% 10° cells/well) were previously distributed into
each well of a 96 well plate (Falcon 3047; Becton Dickinson,
Franklin Lakes, NJ) and incubated in the presence or
absence of 1 uM indomethacin (Sigma Co., Lid., U.S.A)
for 12 h at 37°C in a 5% CO, humidified incubator, and
then stimulated with a final concentration 1 pg/ml conca-
navalin A {Con A: Sigma Co., Ltd., U.S.A)) for 48 h. The
culture supernatants were harvested and stored at -70°C
until IL-2, 1L4, and IFN-y assays.

Preparation of macrophages and induction of IL-6

Peritoneal exudate macrophages from control, endoto-
xemia and endotoxin tolerant mice were harvested by
peritoneal lavage with ice-cold sterile physiological saline
3 days after the ip. injection of the mice with 3 ml of
sterile 3% thioglycollate broth. Cells were washed, and
resuspended in RPMI 1640 complement medium. Macro-
phages were aliowed to adhere for 2 h at 37°C, 5% CO,
incubation, the nonadherent cells were removed by wash-
ing three times with HBSS, and the macrophages were
resuspended in fresh culture medium. Macrophages were
plated at a density of 3% 10° cells/100 p! in flat-bottom 96-
microwells in the presence or absence of indomethacin (1
M) with or without addition of PGE; (200 nM) for 12 h,
and then the cells were stimulated with 1 pg/mi LPS for 24
h. The culture fluid was stored at -70°C until IL-6 analysis.

Cytokine detection

Cytokine levels in the supernatants were determined
using ELISA (enzyme-linked immunosorbent assay) with
commercial ELISA kits (R & D systems Inc., M.N., US.A).
All samples were assayed in duplicate. The results were
measured in picograms per milliliter at 450 nm with correc-
tion at 540 nm using an ELISA microplate reader (Molecular
Devices Co., Ltd., U.S.A)).

Statistical analysis

All data are expressed as means * standard error (S.E.).
Experiments were always run in duplicate and repeated at
least twice. All data were examined for their statistical
significance of differences with students' t-test.

RESULTS

Effects of indomethacin on the production of IL-2
in a state of endotoxin tolerance
These experiments were carried out to investigate the
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influence of the in vitro administration of indomethacin on
the production of Th cytokines by Con A-stimulated splen-
ocytes obtained from endotoxin tolerant mice compared
to those with endotoxemia. As shown in Fig. 1, splenic IL-
2 production was greatly reduced in both the endotoxemia
and endotoxin tolerant mice compared to controls. Indom-
ethacin markedly augmented the suppressed production
of IL-2 in endotoxin tolerant mice, but did not affect the
production of IL-2 in the endotoxemia mice.

Effects of indomethacin on the production of IL-4
in a state of endotoxin tolerance

As shown in Fig. 2, splenic IL-4 production by the Con
A-stimulated splenocytes was significantly reduced, by
36.8%, in the endotoxemia mice compared to controls,
while IL4 production was greatly augmented, by 32.5%,
in the endotoxin tolerant mice. Indomethacin did not affect
the decreased production of IL-4 in the endotoxemia mice,
but markedly attenuated, by 37.6%, the increased pro-
duction of IL-4 in endotoxin tolerant mice.

Effects of indomethacin on the production of IFN-
v in a state of endotoxin tolerance

As shown in Fig. 3, splenic IFN-y production was not
altered in the endotoxemia mice compared to controls,
while IFN-y production was greatly reduced in the endotoxin
tolerant mice. Indomethacin greatly down-regulated IFN-y
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Fig. 1. 1L.-2 production by Con A-stimulated splenocytes following pre-
treatment with indomethacin. LPS1: Endotoxemia group induced by i.p.
injection cf LPS 10 mg/kg once. LPS3: Endotoxin tolerant group inject-
ed i.p. daily for 2 consecutive days with a dose of 1 mg/kg LPS diluted
in saline and received i.p a challenge dose of LPS 10 mg/kg on day 4.
Control: Confrol group received saline i.p. with same regimen. To in-
duce cytokines, 100l splenocyte suspensions (3 10° cells/well)
were incubated in the presence or absence of indomethacin (1 uM) for
12 h, and then stimulated with a final concentration 1 ug/ml Con A for
48 h. Cytokine levels in splenic supernatants were obtained using
ELISA. Each value represents the mean x S.E. of 10 mice. **(P<0.01):
Significantly different from the value in vehicle-treated controls. *(P<
0.05) and *(P<0.01): Significantly different from the value in each
vehicle-treated group.

control
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Fig. 2 IL-4 production by Con A-stimulated splenocytes following
pretreztment with indomethacin. Each value represents the mean *
S.E. ot 10 mice. Other legends and methods are the same as in Fig. 1.
*(P<0.115) and **(P<0.01): Significantly different from the value in
vehicle-treated controls. ®(P0.01): Significantly different from the value
in eact venicle-treated group.
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Fig. 3 IFN-y production by Con A-stimulated splenocytes following
pretreztment with indomethacin. Each value represents the mean =+
S.E. of 10 mice. Other legends and methods are the same as in Fig. 1.
**(P<0 01) Significantly different from the value in vehicle-treated
control 3. #P<0.05) and *#(P<0.01): Significantly different from the value
in each venicle-treated group.

prodiction in the endotoxemia mice, and insignificantly
enhanced the decreased production of IFN-y in endotoxin
tolerat nice.

Effects of indomethacin on the LPS-stimulated
prod iclion of IL-6 by macrophages obtained from
endotoxin tolerant mice

This experiment was performed to determine the effects
of indomr ethacin on the LPS-stimulated production of IL-6
by microphages from endotoxin tolerant mice. LPS-sti-
mulat 2d production of IL-6 was not altered in the endotoxin
tolerat mice compared to those with the endotoxemia
mice (Fig. 4). Indomethacin significantly decreased by
apprcximately 38.9% IL-6 production by LPS-stimulated
macropt ages in the endotoxemia mice, while it slightly at-
tenuaed such production in the endotoxin tolerant model.
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Fig. 4. Effects of indomethacin on the LPS-stimulated production of {L-
6 by macrophages. Peritoneal exudate macrophages from control,
endotoxemia and endotoxin tolerant mice were harvested by peritoneal
lavage with ice-cold sterile physiological saline 3 days after i.p. injection
of mice with 3 mi of sterile 3% thioglycollate broth. 100 pl macrophage
suspensions (3 10° celis/well) incubated in the presence or absence of
indomethacin (1 uM) for 12 h, and then stimulated with 1 pg/ml LPS for
24 h. Cytokine levels in macrophage supernatants were obtained using
ELISA. Each value represents the mean + S.E. of 10 mice. ¥(P< 0.01):
Significantly different from the value in each vehicle-treated group.
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Fig. 5. Effects of exogenous PGE, on the indomethacin-reduced pro-
duction of IL-6 by macrophages stimulated by LPS. LPS1: Endotoxe-
mia group induced by i.p. injection of LPS 10 mg/kg once. LPS3: En-
dotoxin tolerant group injected i.p. daily for 2 consecutive days with a
dose of 1 mg/kg LPS diluted in saline and received i.p a challenge dose
of LPS 10 mg/kg on day 4. 100 ul peritoneal macrophage suspensions
(3 10° cellsiwelt) from control, endotoxemia and endotoxin tolerant
mice were incubated in the presence or absence of indomethacin (1
pM) with/without 200 nM PGE, addition for 12 h, and then stimulated
with 1 ug/ml LPS for 24 h. Each value represents the mean + S.E. of
10 mice. Other legends and methods are the same as in Fig. 4. *(P<
0.05) and **(P<0.01): Significantly different from the value in vehicle-
treated LPS1. #(P<0.01): Significantly different from the value in
vehicle-treated LPS3.

Effects of exogenous PGE, on the indomethacin-
reduced production of IL-6 by macrophages sti-
mulated by LPS

This experiment was performed to investigate the effects
of exogenous PGE; on the indomethacin-reduced produc-



914

tion of IL-6 by macrophages stimulated by LPS The addi-
tion of PGE; significantly increased by 83.4% and 92.2%
IL-6 production by the LPS-stimulated macrophages ob-
tained from endotoxemia and endotoxin tolerent mice,
respectively (Fig. 5). Exogenous PGE, synergistically re-
versed the indomethacin-reduced production of IL-6 in both
the endotoxemia and endotoxin tolerance groups.

DISCUSSION

This study was undertaken to investigate the role of
PGE; using indomethacin on the cellular immune paralysis
induced during periods of endotoxin tolerance, and which
is characterized by the suppression of LPS-induced Th1
cytokine production. These results show that the induction
of endotoxemia led to significantly reduced splenic IL-2
and IL-4 production, to significantly increased macrophage
IL-6 production, and to unchanged splenic IFN-y produc-
tion, while the administration of indomethacin in endotoxe-
mia induced mice markedly attenuated IFN-y and IL-6
production and didn't reverse IL-2 and IL-4 production.
Endotoxin tolerance results in the significantly reduced
production of IL-2 and IFN-y and the significantly increased
production of IL-4 and IL-6, whereas the administration of
indomethacin in the case of endotoxin tolerance greatly
augmented IL-2 production, significantly decreased IL-4
production, and slightly attenuated IL-6 production.

IL-2 is a Th1 cytokine produced primarily by activated
T cells and T cell growth factor. As mentioned above, both
endotoxin tolerance and PGE; result in the attenuation
of IL-2 production by Th1 cells (Benz and Fox, 1991;
Choundhry et al., 1995). As shown by our results (Fig. 1),
splenic IL-2 production was significantly decreased in
both the endotoxemia and endotoxin tolerant mice com-
pared to controls. Indomethacin didn't reverse the sup-
pressed production of IL-2 in the endotoxemia mice, but
did bring about such a reversal in the case of endotoxin
tolerance. Choudhry et al. (1999) demonstrated that PGE,
released during sepsis induces T cell IL-2 down-regulation.
Therefore, our findings suggest that the decreased cap-
acity of Th1 cells to produce IL-2 in a state of endotoxin to-
lerance may be mediated by endogenous PGE,, while en-
dotoxemia may enable |L-2 to be regulated by other pathway.

IL-4, a Th2 cytokine, plays an important role in B lym-
phocyte activation and promotes immunoglobulin synthesis
by B lymphocytes. IL-4 promotes the developmerit of Th2-
like CD4 T cells and inhibits the development of Th1-like
T cells (Swain et al., 1990). IL-4 also induces IL-€ produc-
tion to sequentially switch first to IgG1 and then to IgE
(Howells et al., 1991). Our results showed that IL-4 produc-
tion was significantly reduced in endotoxemia mice com-
pared to controls, while IL-4 production was significantly
enhanced in endotoxin tolerant mice (Fig. 2). However,
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indomethacin didn't reverse the suppressed production of
IL-4 in the endotoxemia mice, but did significantly down-
regulate the increased production of IL-4 in the endotoxin
tolerant animals. Perez-Santos and Talamas-Rohana (2001)
reportec that the immune response fo infection is associat-
ed with a increased Th2 type cellular immune response
(IL-10 and IL-4) and that indomethacin increased IL-12
and IFN-y production, while the IL-10 and IL-4 levels were
not changed. Kaur et al. (1999) reported that PGE, pro-
motes the development of a Th2 response by enhancing
IL-4 production. Also, endotoxin tolerance tends to polarize
the immune system toward a Th2 type response (Castro
ef al., 1998; Lauw, et al., 2000). Therefore, our results in-
dicate that endogenous PGE, may mediate the increased
production of IL-4 by Th2 cells in the case of endotoxin
tolerance, but may not contribute to the decreased pro-
duction of IL-4 in the case of endotoxemia. As shown in
Fig. 1 and Fig. 2, our findings also indicate that a down-
regulated Th1 type immune response with a shift toward a
Th2 cytokine response may be mediated by endogenous
PGE. in a state of endotoxin tolerance.

IFN-y, which is produced in Th1 cells, natural killer cells,
and macrophages, is associated with the ability to facilitate
cytotoxic lymphocyte responses, and attenuates IL-4 pro-
duction by inhibiting the proliferation of Th2 cells (Coffman
and Carty, 1986). Endotoxin is a potent activator of moco-
cytes/macrophages and upregulates the production of
IFN-y in T cells (Morrison and Ryan, 1979), while endoto-
xin tolerance leads to the suppressed production of IL-12
due to dysfunction of monocytes and the decreased pro-
duction of IFN-y by Th1 cells (Karp et al., 1998; Lauw et
al., 2000). PGE; reduces IFN-y production by Th1 cells,
and potently inhibits production of IL-12, which promotes
IFN-y production (Betz and Fox, 1991; van der Pouw
Kraan et al., 1995; Harizi ef al. 2002). The results of the
present study (Fig. 3) support the hypothesis that the
down-regulated production of IL-12 during periods of
endotoxin tolerance results in the decreased production of
IFN-y (Karp et al., 1998; Lauw et al., 2000). In our study,
indomethacin significantly down-regulated IFN-y produc-
tion in the case of endotoxemia, but slightly enhanced IFN-y
production in the endotoxin tolerant model. Therefore, our
results indicate that the decreased production of IFN-y in
the case of endotoxin tolerance may be more related to
the reduced production of IL-12 than to the presence of
endogenous PGE,. Further studies are needed to deter-
mine the exact mechanism by which indomethacin in-
fluences the decreased production of IFN-y in the case of
endotoxemia.

IL-6 mediates the acute phase response by acting as
an endogenous pyrogen, is an important co-factor in IL4
dependent IgE synthesis (Howells et al., 1991), and has
also been found to be involved in the pathogenesis of cancer
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cache«ia (Barton, 2001). Endotoxin has been reported to
augment IL-6 production (Chai et al., 1996; Hinson et al.,
1996) Endotoxin tolerance has been reported to suppress
IL-6 pocuction (Coffman and Carty, 1986; Schade et al.,
1999) However, our results demonstrated that endotoxe-
mia p'omoted the production of IL-6 by LPS-stimulated
macrc phages, while inducing endotoxin tolerance had no
effect on these results compared to those with the endo-
toxernia animals (Fig. 4). These data support the report of
Chen st al. (1994) that in endotoxin-tolerant macrophages,
IL-6 crocluction is maintained or even increased. It has
also bzen reported that endogenous PGE, augmented IL-
6 proiuction by peritoneal macrophages (Chai et al.,
1996; Hivson et al., 1996; Williams and Shacter, 1997),
and trat PGE, upregulated IL-6 release during endotoxe-
mia (Floper et al., 1995). In the present study, indometha-
cin si¢ nif cantly decreased the LPS-induced production of
IL-6 ir the case of endotoxemia, while slightly decreased
it in endotoxin tolerance (Fig. 4). Therefore, these obser-
vations indicate that both endotoxemia and endotoxin
tolerance result in an enhancement of the LPS-stimulated
producticn of IL-6 by macrophages, and that endogenous
PGE, may mediate macrophage IL-6 production in the
case ¢ f endotoxemia, while endotoxin tolerance may result
in IL-€ praduction being regulated differentially.

In ouir situdy, exogenous PGE, significantly enhanced the
indomatr acin-reduced production of IL-6 in both endotox-
emia ind endotoxin tolerant mice compared to controls
(Fig. £). Iwahashi et al. (2000} reported that PGE; pretre-
atme~t s/nergistically stimulated the LPS-induced expres-
sion cf Il.-6 genes in mouse macrophages. Meyer ef al.
(1994 reported that endotoxin and PGE,; interacted syne-
rgistically to stimulate IL-6 release from intestinal epithelial
cells tut that indomethacin blunted the effect of endotoxin
on IL-6 oroduction. These findings suggest that PGE;
synergist cally enhances the LPS-induced production of
IL-6 ty macrophages, and that indomethacin may not
affect the PGEjinduced production of IL-6 by macro-
phages ¢btained from mice having either endotoxemia or
endooxin tolerance.

In coHnclusion, these findings suggest that endogenous
PGE; may mediate the suppressed Th1 type immune
resporise, with a shift toward a Th2 cytokine response in a
state of endotoxin tolerance, whereas endotoxemia may
be requlated differentially. Also, endogenous PGE, may
media:e macrophage IL-6 production in the case of endo-
toxem a 1o a greater extent than in the case of endotoxin
tolererice.
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