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Abstract

We examined the clinical significance of interleukin
18 (IL-18) in cases of the multiple organ dysfunction
syndrome (MODS) associated with diffuse peritonitis,
in relation to the prognosis of these patients. Forty-
eight patients with diffuse peritonitis were enrolled in
the study. Sepsis and MODS were diagnosed according
to ACCP/SCCM Consensus Conference definitions.
The SOFA score assessed the severity of MODS. Blood
specimens were collected from the patients at the
time of diagnosis of sepsis and at regular intervals
thereafter. 1L-18 was measured by ELISA. The serum
IL-18 level was found to be significantly higher in
patients who presented with MODS in association with

diffuse peritonitis (MODS group) than in patients
with diffuse peritonitis who did not develop MODS
(non-MODS group). In the MODS group, the serum
1L-18 level was significantly higher in the non-survivor
group than in the survivor group. The serum IL-18
level showed a significant correlation with the SOFA
score. There was also a significant correlation between
the serum IL-18 level and the serum total bilirubin
level. These findings suggest that IL-18 may induce
the development of liver dysfunction, while also
reflecting the severity of MODS associated with diffuse
peritonitis.
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L. Introduction

Sepsis triggers the release of cytokines
and other mediators, which directly
and/or indirectly cause a variety of
pathological changes. Inflammatory
cytokines or anti-inflammatory cytokines
are produced whenever a strong inflam-
matory response, such as sepsis, occurs in
the body, and we have already reported
on the possibility that they are

responsible for its complex pathologyl’“.

When heat-killed Proprionibacterium acnes (P.
acnes) was administered to mice that were
later given a small dose of lipopolysaccharide
(LPS), an interferon-y (IFN-y ) inducing
factor that differs from interleukin 12 (IL-12)
was produced in the blood. This factor is now
called interleukin 18 (IL-18), and it is
produced by macrophages, especially the
Kupffer cells in the liver. When anti-IL-18
antibody is administered before LPS challenge
a week after P. acnes administration, no
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hepatic tissue necrosis is observed, and
the AST and ALT values do not increase.
We previously reported the involvement
of endotoxins, cytokines and many
other mediators in the pathogenesis of
MODS associated with diffuse peritonitis or
sepsis®®) We also showed that the serum
interleukin (IL-18) level reliably reflected the
severity of liver dysfunction in sepsis of
postsurgical cases®™V .

This study was aimed at determining the
correlation between the serum IL-18 level and
the severity of MODS developing in patients

with diffuse peritonitis.

II. Subjects and Methods

Informed consent was obtained from
either the patients or their family members
prior to commencement of the study. The
Institutional Ethics Committee of Iwate
Medical University approved the study
protocol. Forty-eight patients with diffuse
peritonitis were enrolled in the study. The
underlying conditions were perforation of
the small intestine in 12 patients, appendicitis
in 3 patients, mesenteric thrombosis in 7
patients, duodenal ulcer perforation in 5
patients, and colonic perforation in 21
patients. The mean age of the patients was
65+ 12 years, and was not significantly
different between males (30 patients) and
females (18 patients) (6313 years vs. 68+
10 years).

Sepsis and MODS were diagnosed according
to ACCP/SCCM Consensus Conference
definitions'®. The severity of MODS was
assessed by the Sequential Organ Failure
Assessment (SOFA) score’® Blood specimens
were collected from the patients at the time
of diagnosis of sepsis and at regular intervals
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Fig. 1. IL-18 levels in patients with and without
MODS

thereafter. Separated serum samples were
stored at — 80C until use. IL-18 was
measured by enzyme-linked immunosorbent
assay (ELISA) (MBL, Nagoya, Japan). The
detection limit was 12.5 pg/ml, and the normal
level was under 259.4 pg/ml. Tumor necrosis
factor « (TNF-« ) was also quantified by
ELISA (Medgenix Diagnostics, Fleurus,
Belgium), and its detection limit was 3 pg/ml.
In addition, interleukin 6 (IL-6) (detection
limit: 3 pg/ml) and interleukin8 (IL-8)
(10 pg/ml) were also analyzed by ELISA
(TFB Inc., Tokyo). Unpaired Wilcoxon's test
was used to test statistical significance.

Pearson's test was performed for analysis of
correlations between the variables. P<0.05
was considered to denote statistical
significance.

IfI. Results
MODS occurred in 20 of the 48 patients
with diffuse peritonitis. The age and sex ratio
were similar for peritonitis patients who
presented with MODS (MODS group) and
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Fig. 2. IL-18, TNF-y , IL-6, and IL-8 levels in patients who survived and died with MODS

those who did not develop MODS (non-
MODS group). The maximum IL-18 level in
the serum was found to be significantly higher
in the MODS group than in the non-MODS
group (229642331 pg/ml vs. 387 +269 pg/ml)
(Fig. 1).

All 28 patients without MODS survived. 11
patients with MODS survived, and 9 patients
with MODS died. Figure 2 compares the
maximum levels in the serum of IL-18, TNF-
a , IL- 6, and IL- 8 between patients of the
MODS group who survived during the study
period (the survivor group) and patients of
this group who died during the study period
(the non-survivor group). The serum IL-18
level was significantly higher in the non-

survivor group than in the survivor group
(39412625 pg/ml vs. 950+620 pg/ml). The
serum TNF- « level was also significantly
higher in the non-survivor group than in the
survivor group (267+141 pg/ml vs. 97£43
pg/ml). The same was the case for the serum
IL-8 level, which was significantly higher in
the non-survivor group than in the survivor
group (379243 pg/ml vs. 166119 pg/ml),
and the serum IL- 6 level, which was also
higher in the non-survivor group than in the
survivor group (1050 +1008 pg/ml vs. 389+
577 pg/ml), although the difference in this
last parameter did not attain statistical
significance (Fig. 2).

The maximum IL-18 level in the serum
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Fig. 5. A significant correlation was also observed
between the maximum IL-18 level and the
maximum total bilirubin level in the serum
(r=0.9342, p<0.0001)

showed a strongly significant correlation with
the maximum serum TNF- « level (Fig. 3).
In addition, the maximum IL-18 level was also
significantly correlated with the maximum
serum IL-6(r = 0.7124, p = 0.0004) and
maximum IL- 8 (r = 0.5658, p = 0.0093)
levels.

The maximum SOFA score was
significantly correlated with the maximum IL-
18 level (r = 0.4583, p = 0.042) (Fig. 4) and
maximum TNF- alevel (r = 0.5559, p =
0.0109), respectively, in the serum. A
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Fig. 4. The maximum SOFA score was
significantly correlated with the
maximum IL-18 level (r=0.4583, p=
0.042)

significant correlation was also observed
between the maximum IL-18 level and the
maximum total bilirubin level in the serum

(Fig. 5).

IV. Discussion

Sepsis is a common cause of mortality
and morbidity worldwide. The incidence of
sepsis is estimated to be approximately
750,000 cases per year in the United States .
Sepsis can be viewed as the result of the
activation of a cascade triggered by a
microbial infection, ending in multiple organ
failure and death, but the exact underlying
mechanisms remain unclear.

Lipopolysaccharide (LPS), a component of
the outer membrane of Gram-negative
bacteria, has been believed to play an
important role as the initiating event of the
sepsis cascade. Recent studies'”, however,
have clarified that while LPS by itself is not
sufficient to trigger activation of the sepsis
cascade, it induces the production and release
of endogenous mediators, in particular,
cytokines. It has become clear that these
mediators are directly and/or indirectly
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involved in the pathogenesis of sepsis. Many
studies have demonstrated increased levels
of various cytokines in the blood of patients
with sepsis. Some cytokines have even been
shown to serve as biological markers of the
prognosis in these patients 17 .

When a small amount of LPS was injected
into mice pretreated with heat-inactivated
bacteria of Propionobacterium acnes (P.acnes),
an interferon-y (IFN-y )-production-inducing
substance, with different characteristics from
interleukin 12 (IL-12), was found to be
produced in the animals in vivo'® . This
molecule was later characterized as
interleukin 18 (IL-18). IL-18 is primarily
produced by macrophages, especially by
those resident in the liver, namely, Kupffer
cells. When anti-IL-18 antibody was injected
into mice one week after the inoculation of P.
acnes, subsequent LPS challenge did not
induce hepatic necrosis or elevation of the
serum AST or ALTY .

In the present study, the serum levels of
IL-18 were found to be significantly higher
in patients who presented with MODS
secondary to diffuse peritonitis than in those
patients with peritonitis who did not develop
MODS. In the MODS group, the maximum
IL-18 level in the serum was significantly
higher in the non-survivor subgroup than
in the survivor subgroup.

These findings suggest that the serum IL-18
level is significantly correlated with the
severity of MODS. In addition, the serum
levels of the inflammatory cytokines TNF- «
and IL- 8 were also significantly higher in the
non-survivor subgroup than in the survivor
subgroup. On the other hand, the serum IL- 6
level was not significantly different between
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the non-survivor group and the survivor
group. This finding was consistent with the
results of our previous study . The MODS
score, however, showed a significant
correlation with the serum levels of 1118,
TNF-«, [I.-6 and IL-8. Among these, the
correlation between the MODS score and the
serum IL-18 level was found to be the
strongest.

Treatment with anti-IL-18 antibody
was demonstrated to inhibit the onset
of fulminant hepatitis-like symptoms
in a mouse model of endotoxin-induced
fulminant hepatitis-like syndrome”). Another
study has shown that injection of anti-IL-18
antibody reduces the severity of endotoxic
shock in mice. Taking into consideration
these findings, along with the finding of
the strong correlation between the I1-18 level
and total bilirubin level in the serum in
this study, it may be reasonably assumed
that IL-18, which reflects the severity of
MODS, may be closely involved in the
pathogenesis of hepatic failure.

IL.-18 has been demonstrated to facilitate
the production of IL-13, a Th2 cytokine?".
This suggests the involvement of IL-18 in
a complex mechanism, in which the
cytokine directly inhibits Thl response
which may result in vigorous tissue damage,
while indirectly inhibiting the Thl response

via induction of a Th2 response?® .

This paper received the special research grants for
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Promotion and Mutual Aid Corporation for Private
Schools of Japan, and the Ministry of Education,
Culture, Sports, Science and Technology of Japan.
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mi™) &6, ERERIIE, disseminated intravascular
coagulation (DIC) L BHish, MAWE (7r¥y
J ¥ 4g-day ), AVNEBAIREFY—F, EHSFA
Y roxERfThb, LaL, BeHIERE
20, BEMFEENIC TURMGRE L Y -8B
fR& ol

RREHEE | RIEREHE CIE RS, 8, HEIPR,
EREERRELZHRY, FHEROIEFEETH
720 MEEHAETIE, M/HOKT, CRPOLESR, £
BTV F—V X, BEGBERORE, FHERsE,
EREEELREDL, I, BROLEVASHEB L
M X MEE»S, HoLLRTRBROEELAD

RS L EBRRESGHEY Y ¥ — (F 7348530 LKETWERTSME 1-5-54)
*2 IR BRSBTS E R AT I B (F 7348553 EETWHRKE 1-23)

4T H 20054 11 A 22 H
BRIRH 20064 3 B 29 H

PEFERNRFEEHHAEZNE (T 020-8505 EREHAML 19-1)
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rdrotz (Table 1) BEREBEEICIX S DIC, FEF
BEE G, EWE (A OXERA 05 g-day D), &
Eru7) YEAORS, ATHREHR T ICCHDF %
s L7zo ARE2HAE, OF#H, @2R/HL Lom
]k A (WBC 2,000 mm ~3, PLT 13,000 mm ~3),

B7 ) F viE (53521 ng'mi~Y), @ LDH
mfE (5950 U-171), @FFEESHS HPS % 5w,
BBIZEH 2 HiAT L HPS &L 3 Wr L7z, MmERRL, DIC
Wt LTk, BTl (RE/ME, Frifoismee),
MBRERE (A Y VBARFY— b, 7vF bur
YEIFD 2RAT L. HPS AT 5 Ry bSikic
MLTi, WFREREPELVWZO I ORKT VP
16, Y70 ARY) YEE2HETH T LITEEE S R
L, TFR7FUA4 FXVAFEE (XA F V7L F=vn
¥1g-day~}, iv, 3HM), TO®RSL F=var
(60 mg-day~}, iv) D&EZHE L. HPSOFEHAE
BEEE LT, B~V RAY 4 VA (Herpes-simplex
virus,-HSV), KE-#RE BT A VA (Varicella-
Zoster virus, VZV) WKL ABBEOTWEELREZEEL,
7z uv)l (375 mg-day ), iv) DG 2T,
#3%H LY PE (MHEME 120 ml-min ™!, 3K,
T EEGE RS M AE40BLAL) % 3H MIMEIT L 720 HEfTHR, GOT
246 TU-1-1, GPT 1001U-I"1, LDH 2,720 IU 1",
TBil 93 mg-dl~! tBEEKT LY Fig. 1), +54
HWBEREONE D oD, RFBILEREOEAS
BaL7e E5%BICWBC 1,300 mm 3 THETL
72728 (Fig. 1), 7ANVTFAFLDHZESEHBL
720 BT, B ML 2 & ORI & WfT L7225,
WEFNRHBHETH o7, BRHIVEEATTA N
PNIVAFE (AFNVTLF=varlgday™!, 3H
) 2HEAT L7z L LGAS, RIS TS
BARSHETL, £20HBICKREIh,

HPS OFERRICONWT, FH@PEWY 50E, ¥
A WA, HCAERBEOBRELT-/2. BHE
N & ) R~ — o — T, THRZEERENCLS
Byu—- U EMEOEEYRR LA, BEY o E
PRBTARABEOR o, BEAEKRBAICH
LTk, M by FYTHARL D ICEET
Hotze T4 NVABRIEICHELTIE, HSV, VZV, AR
Jrgw A VA, BEFF&RY 4 VA, CERFLY A4 VA
FA M AFOTANVAEORELTo LV BETH-
77o EB% 4 VA (EBV) (CB L Tix, EBV-VCA IgG
B4, EBV-VCA IgM &, EBV-EBNA B#Ta Y,
RGOy — v ZRLTWiz2Y, £ H, EBV-DNA
(PCR) Gt & OB BaAER in situ hybridization 12 &
% EB virus-encoded RNA (EBER) % (GR#FEras

Table 1 Laboratory data on admission

Blood cell count Blood biochemistry

WBC 4100 mm~3*  ALP 217 1U-1-1
Band 42% GOT 424 TU-1 71
Segmented 11%  GPT 262 IU-1-1
Lymphocyte 12% LDH 4595 101!
Monocyte 2% TBil 112mg-dl-!
Atypical lymphocyte 1.5% BUN 703 mg-dl!

RBC 395 x 10* mm ~°® Cr 51 mg-dl~!

Hb 124 g-di~! TP 47 g-dl~?

Ht 372 % Alb 27 g-di™!

PLT 16 X 10* mm ~3 NH; 41 pg-dl-!

CRP 242 mg-di~?

Coagulation test Blood gas analysis

PT 13.2 sec pH 7.309
PT (%) 81% PaCO;  21.6 mmHg
APTT 44.4 sec Pa0; 98.1 mmHg
FIB 2272 mg-dl! HCO;~ 105 mmol-I!
FDP 383 pg-ml! BE —146 mmol-/™!
D-dimer 310 ug-mi™?

AT-M 52%

PLT, platelet; PT, prothrombin time; APTT, activated partial
thromboplastin time; FIB, fibrinogen; AT-IIL, antithrombin-II; ALP,
alkaline phosphatase; T.Bil, total bilirubin; BUN, blood urea
nitrogen; Cr, creatinine; TP, total protein; Alb, albumin; NHj,,
ammonia.

Bi) (Fig. 2) 2B L, HPS ®EKEIE EBV BRIz
I5bnEEZLNI,

MiEF A b A4 > O#ER | MiFinterleukin-6 (IL-6),
IL-8, IL-10, interferon-y (IFN-y), tumor necrosis
factor-a (TNF-a), soluble IL-2 receptor (sIL-2R) #
#%H, BERENEE (enzyme-linked immunosorbent
assay, ELISA) TilllE L7z. PEMTRICIZEORET
MBI % 1T 720 PEREATRIO MIKIL-6, IL-81X, €
NZh 520 pg-ml~!, 468 pg-mi~1 L &ELR L7,
INSIEPE, A7 U KOV AEERTH—BETL
7275, 2EHORAFOA FRANVARERT R, BUOLR
WEE L7 IL-101XIL6, IL-8ICHARTE L EEER
L, PE, A7 04 F/OVARERTHE, SETEE &
ole IL6/IL-I0IE I MTFChHo720%, A7uA4
B2V A, PERTHREAICHEL, 18EE%o
7zo F 7z, MiiF sIL-2R b FIBRIC 6,614 pg-mi~! L BE
L, MEIFN-y, TNF-a3 504 pg-ml™1, 289 pg*
ml~ EEERR L MiEIFN-yiZPE, A7 a4 K
ISV ABERT %, R4 \ETEmZ R L7z, MiFsIL-
2R, TNF-abBETHEmMERLZA, 2EHOATH
A RV ABERTRIEEEO L FTPEREL ko2
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Fig. 1 Changes in blood biochemistry data during the clinical course
CHDF, continuous hemodiafiltration; PE, plasma exchange; mPSL, methylprednisolone; AT-H, anti-
thrombin-ll; MEPM, meropenem; FLCZ, fluconazole; G-CSF, granulocyte colony stimulating factor;

PLT, platelet; T.Bil; total bilirubin.

(Fig. 3)o 7z, INHH A b A D PERIHOIHE
BIZoWT, Table 2R L7z, MIEIL-61ZZ DRI
TETL, MEIL8 ERRETHEAZR L, 20
BT AL bHAL VIOV TI, PSP 2 T DL
"ol

Z g

HPS OW@#iE, RESCEFKRBEICHT2HEL
HPS I ARBICHETE S5, HPSIZH T L HHE
W3R oh, BERTR L F=Vo v, VP-
16, Y2 URAERY i LIl L AERSH DL NIZ2H0H
ik, &R T CHOP, HDCA %z &% A
REZITV, Tho ORBICERECTEREZE Y ET
HERCIIBMBMREHL BT 5L EhTndl,
¥/, ZhobHict PE, CHDF % EH HPS F
REFEEE LTHE SR TWEI~Y, REFTIE,
Z LW E 0 72 D SR bRk B R0 R &
Besd, FRel25MREL HaIcE 2 ohis,
ZD7%, ¥£9 CHDF, PE, A5 04 K80 A#EE
2o LT, ROBHFEEZERTHILIIL, #
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Fig. 2 Positive signal in bone marrow tissue after EBV-
encoded RNA (EBER) in situ hybridization
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Fig. 3 Changes in levels of serum cytokines during the clinical course
CHDF, continuous hemodiafiltration; PE, plasma exchange; mPSL, methylprednisolone; AT-II, anti-
thrombin-T: MEPM, meropenem; FLCZ, fluconazole; G-CSF, granulocyte colony stimulating factor;
1L-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin 10; IFN- y , interferon-gamma; TNF-a , tu-
mor necrosis factor-alfa; sIL-2R, soluble IL-2 receptor.

Table 2 Changes in levels of serum cytokines during plasma exchange

I1L-6 IL-8 1L-10 IEN-y TNF-a sIL-2R

Plasma exchange (pg'ml™1Y) (pgrmi™)  (pg-ml™)  (pgmi™)  (pgmi™)  (pgrmi™)
st Before 520 246 17,900 400 224 6,615
After 284 468 24,600 390 231 6,182
2nd Before 350 319 27,700 447 289 6,432
After 170 260 21,800 385 220 5973
3rd Before 123 310 22,900 504 270 6,396
After 104 286 25,600 448 274 6,625

IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin 10; IFN-y, interferon-gamma; TNF- a, tumor necrosis factor-alfs;
sIL-2R, soluble IL-2 receptor.

73Rt IFN-y, TNF-q, IL-6 ZEDFeAc %A b YA P A4 VEIERCEBETH), FRARTH-
4 vERGFWL, MEEELFISEI LRI, oY RbDOEEZ LD,

Po— A< rso7r—YiEHkEHFEL, I IhEFCH HPSESNIIB VT, PidkdEtEyr 4 b A
MELIZHA ML YOLARRET D EvbhTw YORFELVHONBILI0OEEFIRESI T2
59, ZO¥4 MHA VEIZHPS DEEESLFHREZT H30, AIEBID & S R REBHEFIIME STV 2w,

THFLLTEOERENHE SR, FIZIFN-y, = OIRBEIZIL-6/IL- 105451 LA FC& Y, compensatory
TNF, sIL2R OBEFIZFHELRRE Sh T 09 anti-inflammatory response syndrome (CARS) &\

AEFCBVTD, HRFABKICET S Zh 6 OMmE b EERLRETH oL EZLNE W, Frld
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A study of hematopoietic factors in the presence of disseminated

intravascular coagulation associated with diffuse peritonitis
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Introduction

Some reports have shown that cytokines play
important roles in manifestations of pathological
conditions of disseminated intravascular
coagulation (DIC) and of visceral injuries asso-
ciated with DIC* 2. Monocytes, macrophages
and hemangioendothelial cells, which are
activated by cytokines, enhance generation of
tissue factors and so on®. Diffuse peritonitis is
often accompanied by septic DIC. Thrombin,
fibrin, fibrin degradation products and plasmin,
the activation of complements, which accompa-
nies their generation, and neutrophil activation
have all been considered to exert synergistic
effects whereby visceral injuries progress in

Nobuhiro Sato™
Satoko Imai™
Hideyuki Makabe™*
Yasushi Suzuki®

Abstract | Hematopoietic factors in disseminated intravascular coagulation (DIC) associated
with diffuse peritonitis were investigated. Thrombopoietin and interleukin 11 levels were
significantly elevated in the group having DIC associated with diffuse peritonitis. In the group
of deceased patients, thrombopoietin and stem cell factor were significantly elevated. The
results suggest that these hematopoietic factors are possibly involved in the formation of
pathological conditions underlying DIC associated with diffuse peritonitis.

Masahiro Kojika™*
Michiko Miyata™
Shigehiro Shibata™
Go Wakabayashi™*

septic DICY.

The platelet count is decreased in the
presence of DIC. Generation of platelets results
from proliferation of colony-forming unit-
megakaryocytes (CFU-Meg), proliferation and
maturation of megakaryocytes, and separation
of platelets from the megakaryocytic plasma
membrane.

Cytokines which act to increase the platelet
count include interleukin 3 (IL-3), interleukin 6
(IL-6), interleukin 11 (IL-11), stem cell factor
(SCF), leukemia inhibitory factor (LIF),
thrombopoietin (TPO) and so on®™.

We have also studied and reported on hema-
topoietic factors in the presence of DIC' 2, In

Gaku Takahashi et al. *Department of Critical Care Medicine, School of Medicine, Iwate Medical University, 19-1

Uchimaru, Morioka 020-8505, Japan.

**Department of Surgery I, School of Medicine, Iwate Medical University, 19-1 Uchimaru, Morioka 020-8505, Japan.
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the present study, hematopoietic factors in
patients with septic DIC, associated with diffuse
peritonitis, were investigated.

Materials and Methods

Prior to initiating the present study, we
obtained informed consent from patients, or
members of their families, and approval from
the Ethics Committee of Iwate Medical Univer-
sity.

There were 32 patients (21 males and 11
females) with a mean age of 56.5+ 18.36 years
(range; 18 to 85 years).

In diagnosing DIC, we adhered to the
diagnostic criteria reported by Aoki et al.!¥,
Similarly, for sepsis the criteria established by
the ACCP/SCMCC Consensus Conference
Committee were applied’?.

IL-3 levels were measured by ELISA R & D
System Inc., Minneapolis, MN, USA). IL-11 levels
were also measured by ELISA(R & D System
Inc, Minneapolis, MN, USA). The measurement
limit for each factor was 4 pg/mL. Levels of
SCF, LIF and TPO were also measured by
ELISA (Immuno-Biological Laboratories Co.,
Ltd., Fujioka, Japan). The measurement limits
for these factors were 4, 4 and 50 pg/mL,
respectively. The comparison of data for each
factor used the maximum level at the time the
diagnosis of DIC was made in the group with
associated DIC and the maximum level during
the course (of diffuse peritonitis) in the group
without associated DIC. All data were express-
ed as the mean*standard deviation (SD). The
significance of differences was analyzed. using
the non-matched Wilcoxon's test, and the signifi-
cance of correlations was analyzed by Pearson's
test. Differences and correlations at p <0.05
were considered significant.

Results
In all of the present patients, sepsis was
associated with diffuse peritonitis.
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Fig. 1 TPO levels in patients with and without DIC

DIC was associated with these conditions in
21, but not in the other 11 patients. The mean
age of the patients in the group with DIC was
624+ 15.2 years, and in the other group was
53.2%174 years. Thus, age was significantly (p
= 0.0492) higher in the group with DIC.

Twenty-two of the 32 patients survived
(survival group), and 10 patients died (deceased
group). The mean ages were 58.2+14.1 and
61.5+16.6 years, respectively. Thus, there was
no significant (p = 0.3387) difference in age
between these groups.

The mean TPO level was 682+272 pg/mL in
the group with DIC, while the corresponding
level was 403 +201 pg/mL in the group without
DIC. Thus, the TPO levels were significantly
higher in the group with DIC than in that
without this association (Fig. 1).

The mean IL-11 level was 23.7+27.8 pg/mL
in the group with DIC, while the corresponding
level was 9.4+109 pg/mL in that without this
association. Thus, the IL-11 levels were signifi-
cantly higher in the group with than in that
without DIC (Fig. 2).

The mean SCF level was 4,360+ 2,362 pg/mL
in the group with DIC, while the corresponding
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Fig. 3 TPO levels in survivors and non-survivors

level was 3,751+2,993 pg/mL in the group
without DIC. Thus, there was no significant (p =
0.3827) difference between the groups.

Both IL-3 and LIF levels exceeded measure-
ment sensitivity in 2 of the 21 patients in the
group with DIC.

The mean TPO level was 485+198 pg/mL in
the survival group and 808=+316 pg/mL in the
deceased group. Thus, the levels were signifi-
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Fig. 4 SCF levels in survivors and non-survivors

cantly higher in the deceased group (Fig. 3). .
The mean IL-11 level was 13.0%+14.3 pg/mL
in the survival group and 314=35.7 pg/mL in
the deceased group. Thus, there was no signifi-
cant (p = 0.1378) difference between the groups.
The mean SCF level was 2,974+ 1919 pg/mL
in the survival group and 6,741 +1,795 pg/mL in
the deceased group. Thus, the levels were signi-
ficantly higher in the deceased group (Fig. 4).

Discussion

While the actions of thrombomodulin in endo-
thelial cells are decreased, thrombin receptors
are increased in the presence of hypercyto-
kinemia'?. Cytokine-induced augmentation of
the hemostatic system on hemangioendothelial
cells, monocytes and macrophages causes
thrombosis and DIC.

1L-11 alone has no influence on megakaryo-
cyte colony formation, whereas IL-11 with IL-3
increases the number of megakaryocyte
colonies™. IL-11 is involved in reactions in the
acute stage as well and induces acute-stage
proteins'®. ,

SCF exerts no hematopoietic effect when
acting alone. However, when acting in conjunc-
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tion with each of the other cytokines, such as
IL-1, CSF and IL-6, it exerts actions promoting
differentiation and proliferation of hematopoietic
stem cells via synergic stimulation'”.

The present study revealed that cytokines
including TPO, IL-11 and SCF, which act to
raise the platelet counf, are increased in
pathological Conditions such as DIC, in which
the platelet count is decreased. In pathological
states, TPO and IL-11 levels in particular were
markedly elevated. There was no difference in
SCF level between the groups with and without
DIC. Levels of tumor necrosis factor a (TNF-a),
IL-6 and IL-8, which are inflammatory cytokines,
were significantly higher in the presence of
septic DIC, as compared to those in the presen-
ce of DIC without infection. This raises the
possibility of these inflammatory cytokines
piaying stimulatory roles in the generation of
hematopoietic factors.
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With regard to the involvement of these
factors in the outcomes of patients, the out-
comes were poor for those who showed high
levels of TPO and SCF.

Whether the increased levels of these
cytokines, which act to raise platelet counts in
the presence of DIC, is a bio-reaction relevant to
the increased platelet count or merely a
reflection of an inflammatory reaction, remains
unclear. These cytokines, in the presence of DIC
associated with various underlying diseases,
merit further studies.
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Nuclear matrix protein and tumor necrosis factor a levels in patients

with septic acute lung injury/acute respiratory distress syndrome
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in triggering apoptosis.
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Introduction

We have reported that several mediators are
produced via cytokines in the presence of
multiple organ dysfunction syndrome (MODS)
and that these substances directly or indirectly
induce hemangioendothelial disturbances!~".

Shock, particularly septic shock, is well
known to be closely associated with the etiology
of MODS?®, The microcirculatory disturbance
following septic shock has been believed to
induce cell and tissue damage, ultimately
leading to visceral injuries. It is also well known
that cytokines and nitric oxide (NO) are
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Abstract : Blood levels of nuclear matrix protein (NMP), as an indicator of apoptosis, were
measured in patients with septic acute lung injury (ALI)/acute respiratory distress syndrome
(ARDS). The subjects were 46 sepsis patients, 28 of whom had ALI/ARDS associated with
sepsis. The blood NMP level was 822+ 881 U/mL in the patients with ALI/ARDS, which was
significantly higher than the 198+171 U/mL in those without ALI/ARDS. The blood level of
tumor necrosis factor a (TNF- a ) was 180+ 294 pg/mL in the patients with ALI/ARDS, which
was significantly higher than the 40%27 pg/mL in those without ALI/ARDS. There was also
a significant (p = 0.0001) correlation between NMP and TNF-« levels (r = 0.5349). These
results suggest apoptosis to be associated with septic ALI/ARDS and that TNF- a is involved
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intimately involved with manifestation of septic
shock? 4919,

Respiratory disturbances are mostly associa-
ted with MODS. The entity of acute lung injury
(AL]I) involves damage to pulmonary micro-
hemangioendothelial cells.

The importance of apoptosis in the process of
lung injury has also been drawing attention.
TNF- a« reportedly induces apoptosis'®. It has
also been reported that NO is involved in
production of the Fas antigen, which in turn
induces apoptosis'”.

‘We have shown that blood levels of nitrite/
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