42 (251)

that transforming growth factor f (TGF-f), a
potent cytokine which facilitates fibrosis, is
produced from cells such as fibroblasts and
macrophages,!® and that the production of
inducible nitric oxide synthetase (iNOS) is
suppressed by TGF- 16718,

In this study, the serum levels of the final
metabolites of NO, ie., the nitrite/nitrate balan-
ce (NOx), and TGF-f, were determined, and
their correlations with the severity of sepsis
associated with diffuse peritonitis were inves-
tigated.

Materials and Methods

The study was conducted after obtaining the
consent of each of the participants and their
family members and with the approval of the
Ethics Committee of Iwate Medical University
School of Medicine.

Thirty-eight sepsis patients associated with
diffuse peritonitis were enrolled for the study.
The patients consisted of 27 men (aged 58+ 14
years) and 11 women (aged 6113 years).
There was no significant difference in the mean
age of the patients between the male and the
female group. The diagnosis of sepsis and
MODS was conducted according to the criteria
for the diagnoses established by the College of
Chest Physicians/Society of Critical Care
Medicine.,

Out of the total number of patients enrolled in
the study, 22 patients survived (surviving
group) and 16 patients eventually died (decea-
sed group); 21 patients had complicating MODS
and 17 patients did not have this complication.

Blood samples for the NOx determination
were collected in endotoxin-free blood sampling
tubes. The tubes were centrifuged immediately
after the collection at 3000 rpm for 15 minutes,
and serum specimens were prepared. Blood
samples for the TGF-f determination were
collected in blood sampling tubes containing
ethylene diamine tetraacetic acid (EDTA). The
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tubes were centrifuged at 3000 rpm for 30
minutes at 4C, and serum specimens were
prepared. All specimens were stored at =80T
until the analysis.

NOx was determined with an autoanalyzer
(TCI-NOx 1000; Tokyo Kasei Kogyo Co., Ltd,
Tokyo, Japan), based on the Griess method after
deproteinization of the plasma. The normal NOx
was 383+ 19.1 mmol/L.

TGF-f, was determined by enzyme-linked
immunosorbent assay (ELISA) (R&D Systems,
Inc., Minneapolis, MA, USA), and the detection
limit was 7 pg/mL. The normal TGF f, was
1.56-3.24 ng/mL. TNF-a was determined by
ELISA
Belgium), and the detection limit was 3 pg/mL.

(Medgenix Diagnostics, Fleurus,
TNF-a is normally not detected in the serum
{(below the detection limit).

All the data were expressed as mean *
standard deviation (SD). Significant differences
were analyzed by non-matched Wilcoxon test,
and the correlation coefficients were obtained
using Pearson's formula. Differences at p < 0.05
were considered significant.

Results

While the maximum NOx in the deceased
group was significantly higher than that in the
surviving group (251.4+253.4 mmol/L vs. 77.1%
259 mmol/L, p < 0.0001) (Figure 1), the maxi-
mum TGF-f, was significantly higher in the
surviving group than that in the deceased
group (18.3+6.5 ng/mL vs. 13845 ng/mL, p =
0.00237) (Figure 2). The maximum TNF-a in the
deceased group was significantly higher than
that in the surviving group (87.0x44.2 pg/mL
vs. 1749+ 11936, p = 0.0187).

There was a significantly positive correlation
between the TNF-a and NOx (r = 03623, p =
0.0254), and a significantly negative correlation
between the NOx and TGF- 8, (r =—04816, p =
0.0022). No significant correlation was detected
between TNF-a and TGF-£,.
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Fig. 1 NOx was significantly higher in the deceased group than in the surviving group.
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Fig.2 TGF- B, was significantly higher in the surviving group than in the deceased group.

The NOx in the group with MODS was
significantly higher than that in the group
without MODS (216.3%229.0 mmol/L vs. 69.3 =
21.1 mmol/L, p < 0.0001). TGF-#, in the group
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with MODS was significantly lower than that in
the group without MODS (14.3+54 ng/mL vs.
19.0+6.0 ng/mL, p = 0.0174). TNF-a in the
group with MODS was significantly higher than



44 (253)

Medical Postgraduates Vol. 43 No.3 2005

p<0.0001
| 1
401 8
@
2 30-
o
@
w20 @
O @
5
S 8
= 10 4
@
@
@
0
survivors nonsurvivors
(n=22) (n=16)

Fig. 3 The NOx/TGF- f, ratio was significantly higher in the deceased group than in the surviving group.

that in the group without MODS (161.5+106.6
pg/mL vs. 77.7 £46.1 pg/mL, p = 0.0025).

The NOx/TGF- #, ratio in the deceased group
was significantly higher than that in the sur-
viving group (17.3%=13.7 vs. 5340, p = 0.0001)
(Figure 3).

Discussion

We have reported previously that numerous
factors are involved in the severity of the mor-
bid condition in cases of diffuse peritonitis® 2V,
In particular, it has been reported that the
complication of sepsis has considerable influence
on the morbidity and prognosis in a patient
with diffuse peritonitis. Many humoral factors
are produced in the presence of sepsis. Signifi-
cantly, the production of NO has been reported
to be strongly correlated with the severity of
the morbid condition in sepsis? ™.

It was demonstrated in a recent study that
the fatality rate among mice administered
endotoxin was reduced by the administration of
TGF- 8, which suppresses NO production. TGF-

B has an inhibitory action on the production of
iNOS mRNA by interferon-g'®~1®,

In the present study, while the NOx was
high, TGF-f§, was low the in the deceased
group and in the group with MODS. These
observations suggest that production of TGF-§,
from various cells is suppressed by excessive
stimulation of inflammation, which is associated
with unabated NO production; accordingly, the
severity of the morbid condition also worsens.

Our results thus suggest that the severity of
the morbid condition in cases of sepsis is signi-
ficantly influenced by the NOx and TGF-f,.
The reasons for the changes in the serum levels
of TGF-f remain unknown. Future studies
must be conducted to investigate the mechanis-
ms underlying the changes in TGF-f, including
investigation of the differences among TGF-f-
producing cells and the different substances
inducing its production, and the host factors
associated with the onset of the morbid condi-
tion in cases of sepsis.
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Abstract

The association of IL-18 and sFas with the severity
of multiple organ dysfunction syndrome (MODS)
complicating sepsis was investigated. The present
study was conducted as a prospective study, and 36
patients were examined. The mean MODS score was
10.2. Twenty patients survived and 16 died during the
study period. The IL-18, sFas and TNF- « levels in the
serum were determined, and their association with the
severity of MODS was investigated. The maximum IL-
18 level in the patients who survived was 970 pg/ml,
and that in those who died was 2705 pg/ml, the latter
being significantly higher than the former. A
significant correlation was observed between the IL-18
level and the MODS score (r==0.77, p<0.0001). The
maximum sFas level was 2.2 ng/ml in the patients who

survived and 7.3 ng/ml in those who died, the latter
being significantly higher than the former. The
maximum TNF- ¢ level was 78 pg/ml in the patients
who survived and 200 pg/ml in those who died, the
latter again being significantly higher than the former.
Significant correlations were observed between the IL-
18 and sFas levels, IL-18 and TNF- « levels, and TNF-
a and skas levels. A significant correlation was also
observed between the total bilirubin level and the IL-
18 level. The IL-18 and sFas levels reliably reflected
the severity of multiple organ dysfunction syndrome
occurring as a complication of sepsis. It was suggested
that IL-18 and TNF- e probably induce apoptosis, and
that IL-18 may also cause liver dysfunction.

Key words : IL-18, sFas, TNF-a, sepsis, MODS

L. Introduction

When a small amount of lipopolysaccharide
(LPS) was administered to mice already
inoculated in advance with heat-inactivated
Propionibacterium acnes ( P. acnmes), an
interferon g (IFN-g) -production-inducing
substance different from interleukin 12 (IL-
12) was released into the blood. This

497

substance came to be called interleukin 18
(IL-18) V.

IL-18 is generated by macrophages, in
particular, the Kupffer cells of the liver?’ .
According to one report, necrosis of hepatic
tissues was no longer observed when an anti-
1L-18 antibody was administered to mice bprior

to the administration of LPS one week after
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treatment with P. acnes, and the AST and ALT
levels did not increase either?’ .

Previously, we reported that the serum IL-
18 level was increased in patients with sepsis,
and that a significant correlation was
observed between the severity of sepsis and
the serum IL-18 leve " . Furthermore, we
determined the serum IL-18 levels in patients
with acute pancreatitis, and demonstrated
that the levels were correlated with the
severity of acute pancreatitis as well as with
the serum total bilirubin leve ™ .

The Fas ligand ( FasL) is a type-II
membrane protein belonging to the tumor
necrosis factor family (TNF family). Fas-
FasL binding induces apoptosis of cells®7) .
It has been hypothesized that when the
binding of Fas with its ligand on the cellular
surface is inhibited by soluble Fas (sFas),
cells that would otherwise have been
eliminated by apoptosis survive, which is
associated with progression of disease®’ . We
demonstrated in a previous study that the
serum sFas level was increased in patients
with multiple organ failure®’ .

IL-18 is considered to enhance the
functions of the Fas ligand in lymphocytes
and induce apoptosis of Fas-positive cells,
while IFN-y , which is induced by IL-18, is
believed to increase the expression level of
the Fas antigen'” .

In this study, we determined the IL-18, sFas
and TFN- « levels in the blood of patients
with multiple organ failure dysfunction
syndrome (MODS) associated with sepsis, and
examined the correlation between the serum
levels of these cytokines the severity of
MODS.

II. Subjects and methods

The subjects were 36 patients with multiple
organ dysfunction syndrome associated with
sepsis (septic MODS) from 2001 to 2003.
The median age of the patients, consisting of
21 males (61.1+19.7 years) and 15 females
(60.14+19.3 years), was 60.7+19.3 years (19
to 87 years).

The underlying condition was peritonitis in
20 patients, burns in 6 patients, multiple
injuries in 6 patients, and pneumonia in 4
patients.

Sepsis and septic MODS were diagnosed
according to the criteria of the ACCP-SCCM
Consensus Conference!” . As for the MODS
score, the standards of Marshall et al. were
adopted'? .

Blood samples were collected regularly
from the time of diagnosis of sepsis. The
separated serum samples were stored at
—80°C until determination.

The I1.-18 level was determined by enzyme-
linked immunosorbent assay ( ELISA)
(MBL, Nagoya, Japan) ; detection limit, 12.5
pg/ml; normal value, under 259.4 pg/ml. The
sFas level was determined by ELISA (MBL,
Nagoya, Japan) ; detection limit, 0.1 ng/ml;
normal level, below the detection limit.
The tumor necrosis factor a (TNF-« ) level
was determined by ELISA (Medogenix
Diagnostics, Fleurus, Belgium) ; detectiqn
limit, 3 pg/ml; normal level, below the
detection limit.

Unpaired Wilcoxon’s test was used to
determine the significance of differences, and
Pearsonis test was used for thedetermination
of correlations. In both cases, the level of
significance was defined-as p<<0.05.
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IIi. Resuits

Twenty patients survived and 16 died
during the study period, the mortality rate
thus being 44.4%. The median age of the
patients who survived was 60.21+20.0 years,
and that of the patients who died was 61.4+
19.1 years. There was no significant
difference in the mean age between the two
groups.

The mean MODS score in patients who
survived and in those who died were 7.5+2.5
and 14.844.1, respectively. The score was
significantly higher in the latter group (p<
0.0001).

The maximum IL-18 level in the serum was

Fig. 1. The maximum IL-18 level was significantly
higher in the patients who died than in
those who survived (p<<0.0001).

Fig. 2. The maximum sFas level was significantly
higher in the patients who died than in
those who survived (p<<0.0001).

970796 pg/ml in the patients who survived
and 2705%1501 pg/ml in those who died
during the clinical course. The level in the
patients who died was significantly higher
(p<0.0001) (Fig.1). The maximum sFas
level in the serum was 2.2+ 1.5 ng/ml in the
patients who survived and 7.3+4.3 ng/ml in
the patients who died, the latter being
significantly higher than the former (p<
0.0001) (Fig.2) . The maximum TNF- «
level in the serum was 78 =50 pg/ml in the
patients who survived and 201£82 pg/ml in
those died, the latter again being significantly
higher than the former (p<0.0001).
Significant correlations were observed
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Fig. 3. A significant correlation was observed
between the maximum IL-18 level and
the maximum MODS score (r=0.8169,
p<0.0001).
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Fig. 5. A significant correlation was observed
between the maximum IL-18 level and
the maximum sFas level (r=0.6093,
p< 0.0001).

between the maximum serum IL-18 level and
the maximum MODS score (r=0.8169, p<
0.0001) (Fig. 3), maximum serum sFas level
and the maximum MODS score (r=0.4416,
p=0.0070) (Fig.4 ), and maximum TNF- «
level and the maximum MODS score (r=
0.7474, p<0.0001).

Significant correlations were also seen
between the maximum serum IL-18 levels and
maximum serum sFas levels (r=0.6093, p<
0.0001) (Fig.5), serum IL-18 levels and
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Fig. 4. A significant correlation was also
observed between the maximum sFas
level and the maximum MODS score
(r=0.4416, p=0.0070).
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Fig. 6. A significant correlation was observed
between the maximum total bilirubin
level and the maximum IL-18 level
(r=0.6052, p<0.0001).

TNF-a levels (r=0.6336, p<0.0001), and
serum TNF- « levels and serum sFas levels
(r= 0.5341, p=0.0008).

The maximum serum total bilirubin level
was 3.9+2.3 mg/dL in the patients who
survived, and 10126.9 mg/mL in those who
died, being significantly higher in the latter
group (p<0.0001). A significant correlation
was observed between the maximum serum
total bilirubin level and the maximum serum
IL-18 level (r=0.6052, p<0.0001) (Fig.6).
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IV. Discussion
IL-18 is produced in macrophages and other

cells, but is usually present as a biologically ’

inactive precursor. It requires to be first
processed by such proteases as the IL-1b-
converting enzyme before it is released from

the cells in the active form' .

Stimulation of
macrophages via Fasl-Fas binding is known
to lead to processing of IL-1b* . Similarly,
processing of IL-18 also occurs via this
route'® . Thus, IL-18 can be converted into
its active form via a variety of mechanisms.
Unlike many other cytokines that are
produced as a result of gene expression, IL-
18 appears to play the role of an initiating
cytokine that is produced immediately in
respose to infection or other invasion, as a
result of activation of proteases.

While it has been suggested that IL-18
induces such cytokines and chemokines as
GM-CSF, TNF, and IL-8, the exact mechanism
of the induction, i.e., whether it induces these
substances by directly acting on the cells
producing them, or> indirectly via the
production of other cytokines, has not yet
Other notable

actions of IL-18, such as induction of iNOS

been clearly elucidated'® .

and induction of cyclooxygenase-2 (COX-2),
have also been observed'”.

Although macrophages produce IL-18,
activation of proteases, such as caspase-1, is
necessary for the release of mature IL-18
outside of the cells. Accordingly, activation
of caspase-1 is also expected in states in
which IL-18 is detected in the blood.
Considering its numerous actions, such as
induction of IFN- ¥ production, induction of
NO production, and induction of FasL, IL-18
is assumed to play important roles in
infection, and to be also involved in the

pathogenesis of various conditions. The
finding in our present study, that the serum
IL-18, sFas and TNF- « levels were higher in
more severe cases of sepsis whom verified
this hypothesis. In this study, the IL-18, sFas
and TNF- « levels were all significantly higher
in the patients who died than in those who
survived. These findings are consistent with
our previous reports*'*>'®’. Sablozki et al. also
reported finding increased serum IL-18 levels
in cases of MODS developing as a
complication of open heart surgery, and that
the level reflected the prognosis™®.

I.-18 has been revealed to promote the
production of IL-13, which is one of the Th 2
cytokines' . This finding suggests that IL-18
not only inhibits the highly histotoxic Th 1
reactions, but also Th 1 reactions via the
induction of Th 2 reactions. This indicates
the complexity of the cytokine network
involved in disease processes™.

The high correlation between the serum IL-
18 levels and those of the inflammatory
cytokine TNF- o suggests that TNF- « may
be a stimulator of IL-18 production.

Administration of anti-IL-18 antibody
attenuated the manifestation of fulminant
hepatitis-like symptomé in mice that
exhibited these symptoms following
endotoxin administration? . Inhibition of
endotoxic shock in mice following
administration of anti-IL-18 antibody has
also been reported. Nakae et al. reported
increased IL-18 levels in cases of post-

operative hepatic failure® .

The significant
correlation between the total bilirubin level
and the IL-18 levels observed in our present
study suggests that IL-18 may be closely
involved in the induction of liver dysfunction.

In another woredsthe serum IL-18 level
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faithfully reflected the severity of liver
dysfunction.

We conclude that further examination of
the relationship between IL-18 and the onset
of organ failure associated with sepsis is
required in the future.
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AEBH
MnsEM ZlEer A EIEREE (septic multiple
organ dysfunction syndrome; septic MOD) @
EEF 12 B ) Binterleukin 18 (IL-18) &
soluble Fas (sFas) & @b Y 2D\ THRES
L7z, St AEFNIZ366] TMODSA I 7 DY
1310.2TdH o 7=, EFEEA206], FETHEHDLL6

BlTH o7, MmMPDIL-18, sFas, TNF-a% il
EFELEEEELEODEDYIZOWVTHE L.
EFFEOIL-18DHFAIEIZIT0 pg/ml, FELTH
DIL-18DFAfEI1Z22,705pg/ml L FECHTHE
WEETH -7, IL-18fE & MODS scA 27
B A EOHBERSA LN (=077,
p<0.0001). sFasDBERKMEIZEFHT2.2
ng/ml, FBEHETT3 ng/mlEFETETHEI
BETH o7z, TNF-a DR KMED EFHTS
pg/ml, FET-EE200 pg/mlE FETHTHEEILS
fE% R L7, IL-184E & sFasfE, IL18ME &
TNF- o i, 3 & OTNF-afff & sFasf i3\
ThOEEOHEERFALN, T2, &
VYL MELIL-18MER IS A EDOFEEM
BAERD b7z, IL-18, sFasidBomiEM:%
BERAEHOEEE B { KB L 7z, 1L-18,
TNF-a BS7 R b= A% FEL, F/IL-18
MR E L ER L CW A TTEEIRIEB S
-,
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