Original : IL-18 in MODS with diffuse peritonitis 25

p=0.0004
9000 e
8000
7000
T 6000 g
é 5000 e
§ 4000
- 3000 e
2000 © §
1000 § ©
0
Survivors Nonsurvivors
(n=11) (n=9)
p=0.1754 ]
3500
3000 ®
~ 2500
&
N 2000 @
k= ©
o 1500
= ® ®
1000 g
500 g
0 8
Survivors Nonsurvivors

(n=11) (n=9)

p=0.0023
600 e
500
E 400
3 ]
& 300 ©
¥
L 200 ®
‘.. e
100 @
0
Survivors Nonsurvivors
(n=11) (n=9)
p==0.0159 |
900 e
800
700
E 600
~ ©
g 500 ® §
© 400
s}
- 300 e
200 © e
100 § &
0 &
Survivors Nonsurvivors

(n=11) (h=9)

Fig. 2. IL-18, TNF-v, 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 (22962331 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. 9743
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 (3794243 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 [L-18 level in the serum
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Fig. 3. The maximum IL-18 level in the serum
showed a strongly significant correlation

with the maximurm serum TNF- « level
(r=0.7283, p=0.0003)
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Fig. 5. A significant correlation was also observed
between the maximur 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 TNEF- « level (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 %" .

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 ALT™ .

In the present study, the serum levels of
1L-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
[L-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- a
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

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 IL-18,
TNF-a, IL-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 11-18 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?V.
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
development of characteristic education from The
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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MET A A VBEDERERS LS TCaEETEEB U1
JVABEEMRE RERE: (EBV-AHS) DO—4l

i
g R

B ORTT OWE ZEY AR B
SEBRI M 2

NERRES HiE EE

B REURFETH o EB 7 4 MV AEEMIRE AIERE (Epstein-Barr virus-associated
hemophagocytic syndrome, EBV-AHS) EFIC B ZMIFEF A b 4 VBBV TR L,
BEBIE 308, B, EEICT, BEEKYE, disseminated intravascular coagulation (DIC) T
Mgz AHEARLE2EL, YRICENMERE 2o/, ICU AEHR, ATHRER T ICR5ED
%8B (continuous hemodiafiltration, CHDF) % B L7z, BH, WHRER, mMEHRER
BBl 2 T L, MBREAAEER (hemophagoeytic syndrome, HPS) & @i L 7. E
B TRERED - D REFEREIHTEY, A7 04 KOV ASE, MRS (plasma
exchange, PE) % Hi4T L7z BERBRHOMEY 1 ba 4 VEXEERZRL, TETRTH-
I LARIEE N, T, FA VAL NG Y RACH LU TRIRAESRY A A VBN E
BERERETHo2e AT TS FIOVAHE, PERATH, 4 M4 v NT Y AREELL
B, BREEROBBICRERES 2o, FEMD LD REEFIICH LTI, BHOBERIBE,
LVERYA M4 VAP ULETHLEEZIOND,

Key words: D hemophagocytic syndrome, @ Epstein-Barr virus, @ cytokine

[FUsHIC

MmMEE&EER (hemophagocytic syndrome,
HPS) X, Bff- BESY SN REB COMERER
O E MBROERBERD, BT PAA V%
BH T AEERT, RAROS ITREEE, BENE
B BERSIHERETILEVDATVS, HEEKA I
M4 (plasma exchange, PE), #FFtMLR
W#EH (continuous hemodiafiltration, CHDF), A
FUA ROV AR EOEBRICISE TS LER
o/ EB 74 VABENREEFEEE (Epstein-
Barr virus-associated hemophagocytic syndrome,
EBV-AHS) EfZEEL, £OMETFA b4 VE
WZOWTHRE L7z

i Bl

B 30m, it
BEALEE W EEZ Lo
BUREE | 38CHOFER, EX, BUNPFHBEL.

HEMYFERRESS, HELERSAARSEZE T
DHNT, FOBELEREIEELST, 2ERCEEL S
ZL, BYY VY MIE (total bilirubin (TBi) 114
mg-dl~Y) BHLNDAREE oM. T (404
T), BB & CIRBRFEEE G, B CTREICTHE
B, s ClEkiRA (WBC 2,600 mm™3, platelet
(PLT) 32000 mm~3), D¥A4~v—DLA (169 ug:
mi™Y) 6, EIERKYE, disseminated intravascular
coagulation (DIC) & @B#fsh, HAEME (7rE¥y
)Y 4 g-day ), AVVEETNEFY -, KGSFA
) vokEdtThbhiz, LaL, B4 HICIKERE
b, RS E I CURER R vy -
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fedro 7z (Table 1)o EMERRIEIC X 5 DIC, K
BEErEY, AYE (X032 A 05 g-day™)), &
gru7) YRHoRkS, A\THERERTIZCHDF %
Rt L7z. AlRRSE2%WH, OR#%, @23KMU Lom
A (WBC 2,000 mm ™3, PLT 13,000 mm ~3),
7S viE (53521 ng'mi~!), @% LDH
MmHE (5,950 U-171), OFERES 5 HPS 5w,
BRZEH % HE1T L HPS L 28 L /2. MEkmA, DIC
LT, SR REIVME, Sresismie),
PEERE (A Y VBAREY—, 7ryFbuvy
YEHD) AT L. HPS T3S 2 s bk
ML T, HERREEEFEL V2D I OBETVP-
16, Y7 0uARY) y&ERRET S EITHEEEE HET
L, $FA704 FISVRAEE (XF VL F=Vo
v 1g-day~!, iv, 3HE), Z0oHEI L F=vn v
(60 mg-day ™}, iv) 5% HB L/, HPSOER
RBELT, BHANVARZT A VR (Herpes-simplex
virus, - HSV), KE-#HRESZ 714 VA (Varicella-
Zoster virus, VZV) X 2 EREOTEEM 2 ERK L,
T¥rua¥i (375 mgr-day L, iv) OG5 %217 7
#3%HL Y PE (MHEHE 120 m!-min 1, 3 KM,
PEE S I A0 BAT) % 3 H RIMGEAT L 720 HE1T%%, GOT
246 1U-1-1, GPT 100 IU-I"%Y, LDH 2,720 TU-I" 1,
TBil 93 mg-dl~! EBERT L2 (Fig. 1), +4
HREBIBOSN Do 2720, RIELEREORA %
Brel7z, B5WHEICWBC 1,300 mm 3 TETL
727z (Fig. 1), 7ANTITAFLOESELEHEBL
T2o BB, - AR & OMBEREE L FAT L7228,
WITNhSBHETH o7z BRBLIVEEATOAF
NIVARYE (AFVTLF=vVnrlg-day™l, 3H
M) 21T L7ze L LAY S, BREICREETEE
BAEDETL, £20HBIICKIESh,

HPS OFFEFRFIZOWT, BlPEEY V50E, v
A NVARY, HORERBESORZR T, BHE
X D RE~— A — T, THRSEERETICLS
Bru— vUMEEOFEEEZRE LD, B v E
FRBTAFTRIBEOR 2 o7, BORERBICY
LCRIETE, I ray FYTHAE S ICEET
Hotze TANAERIZEL T, HSV, VZV, A#
oA v, BEIFFETANVA, CEIIF4£7 4 VA,
YA PAFOT A NAEORBEE T BHETH-
720 EBw A4 VR (EBV) ICBAL TH, EBV-VCA IgG
P&, EBV-VCA IgM &, EBV-EBNA BEETH Y,
BERERD /Y — 2R L TWwWi205, #%H, EBV-DNA
(PCR) BitdB L OB B in sitw hybridization 12 &
% EB virus-encoded RNA (EBER) Bt (iHEras

Table 1 Laboratory data on admission

Blood cell count Blood biochemistry

WBC 4,100 mm "3 ALP 217 10U~ 1
Band 42% GOT 424 TU-1 7!
Segmented 11% GPT 262 10-1-1
Lymphocyte 12% LDH 4595 10-1-1
Monocyte 2% TBil 112mg-di~!
Atypical lymphocyte 1.5% BUN 703 mg-di-!

RBC 395 x 10* mm "3 Cr 51 mg-di~?

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

Ht 372 % Alb 2.7 g-di™ !

PLT 16 X 10° mm ~3 NH, 41 pg-di~!

CRP 242 mg-di~!

Coagulation test Blood gas analysis

PT 13.2 sec pH 7.309
PT (%) 81%  PaCO, 216 mmHg
APTT 444 sec Pa0, 98.1 mmHg
FIB 2272 mg-di~! HCO;~ 105 mmol-I™!
FDP 383 ug-mi-! BE —-14.6 mmol-I-!
D-dimer 310 yg-mi!

AT-T 52%

PLT, platelet; PT, prothrombin time; APTT, activated partial
thromboplastin time; FIB, fibrinogen; AT-IL antithrombin-I[; ALP,
alkaline phosphatase; T.Bil, total bilirubin; BUN, blood urea
nitrogen; Cr, creatinine; TP, total protein; Alb, albumin; NH,,
ammonia,
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Fig. 1 Changes in blood biochemistry data during the clinical course
CHDF, continuous hemodiafiltration; PE, plasma exchange; mPSL, methylprednisolone; AT-II, anti-
thrombin-Il; MEPM, meropenem; FLCZ, fluconazole; G-CSF, granulocyte colony stimulating factor;

PLT, platelet; T.Bil; total bilirubin.
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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-II; MEPM, meropenem; FLCZ, fluconazole; G-CSF, granulocyte colony stimulating factor;
IL-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

IL-6 IL-8 11L-10 IEN-y TNF-a sIL-2R
Plasma exchange (pg'mi~1) (pg'mi™  (pgrmi™) (pgrmi~H)  (pg-mi™Y (pg'mi~Y)
1st 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

1L-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin 10; IFN- y, interferon-gamma; TNF- a, tumor necrosis factor-alfa;
sIL-2R, soluble IL.-2 receptor.
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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

Nobubhiro 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 asscciated 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.
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Michiko Miyata*
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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®™9,

We have also studied and reported on hema-
topoietic factors in the presence of DIC! 12, In

Gaku Takahashi et al: *Department of Critical Care Medicine, 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/mlL,
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
62.4+15.2 years, and in the other group was
532% 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
615+ 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+278 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=2362 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-

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 314357 pg/mL in
the deceased group. Thus, there was no signifi-
cant (p = 0.1378) difference between the groups.
The mean SCF level was 29741919 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.

IL-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 count, 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
playing 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.

Acknowledgement
This paper received the special research grants for
development of characteristic education by The
Promotion and Mutual Aid Corporation for Private
Schools of Japan, and Ministry of Education, Culture,
Sports, Science and Technology of Japan.

7) Neben, T.Y. Loebelenz, J., Hayes, L. et al: Recombi-
nant human interleukin-11 stimulates megakaryo-
cytopoiesis and increased peripheral platelets in
normal and splenectomized mice. Blood 81 : 901 -
908, 1993.

8) Williams, N., Bertoncello, L, McNiece, 1. et al: Recom-
binat rat stem cell factor stimulates the amplication
and differentration of fractionated mousestem cell
population. Blood 79 : 58 - 64, 1992.

9) Kato, T, Ogami, K. Shimada, Y. et al: Purification
and characterization of thrombopoietin. ] Biochem
118 © 229, 1995.

10) Endo, S, Inada, K., Arakawa, N. et al: Interleukin 11
levels in patients with disseminated intravascular
coagulation. Res Commun Molecul Pathol Pharmacol.
91 : 253 - 256, 1996.

11) Nakae, H, Endo, S, Yamada, Y. et al.: Interleukin 11
and stem cell factor levels in patients with dissemi-
nated intravascular coagulation: A report of four
cases. Crit Care & Shock 5 © 126 - 129, 2002.

12) Aoki, N, Hasegawa, H: Annual report of the resear-



13)

14)

Medical Postgraduates Vol. 44 No.2 2006

ch committee on coagulation disorder. Ministry of
Health and Welfare of Japan, Tokyo, 1988, p37 - 41.
ACCP/SCMCC Consensus Conference Committee:
Definitions for sepsis and organ failure and guide-
lines for the use of innovative therapies in sepsis.
Chest 101: 1644-1655, 1992/ Crit Care Med 20 : 864 -
874, 1992.

Maruyama, I, Mejerus, P.W.: The turnover of throm-
bin-thrombomodulin complex in cultured human
umbilical vein endothelial cells and A549 lung cancer
cells. Endocytosis and degradation of thrombin. J
Biol Chem 260 : 15432 - 15438, 1986.

15)

16)

17)

65 (199)

Musashi, M., Yang, Y.C, Paul, SR. et al: Direct and
synergistic effects of interleukin-11 on murine hemo-
poiesis in culture. Proc Natl Acad Sci USA 88:
765 - 769, 1991.

Du, X.X. & Willians, D.A.: Interleukin 11: a multifunc-
tional growth factor derived from the Hematopoietic
microviroment. Blood 83 : 2023 - 2030, 1994.

Zsebo, KM, Wypych, J, Langley, K.E. et al: Identi-
fication, purifocation, and biological characterization
of hematopoietic stem cell factor from buffalo rat
liver-conditioned medium. Cell 63 : 195-201, 1990.




74 (283)

Medical Postgraduates Vol. 44 No.3 2006

Nuclear matrix protein and tumor necrosis factor a levels in patients
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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- « ) was 180 %294 pg/mL in the patients with ALL/ARDS, which
was significantly higher than the 4027 pg/mlL in those without ALI/ARDS. There was also
a significant (p = 0.0001) correlation between NMP and TNF-«a levels (r = 0.5349). These
results suggest apoptosis to be associated with septic ALI/ARDS and that TNF- o is involved
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intimately involved with manifestation of septic
shock?® #9718,

Respiratory disturbances are mostly associa-
ted with MODS. The entity of acute lung injury
(ALI) 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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nitrate (NOx), which is a metabolite of NO, and
sFas antigen are high in the presence of MODS
and that these substances may be involved in
the pathological conditions underlying MODS?,

Nuclear matrix protein (NMP) is released
from human cells under conditions, including
apoptosis, in which these cells die. Although
NMP is not specific to apoptosis, the measure-
ment of NMP allows quantification of the
number of dying cells'® 19,

We have demonstrated NMP in the presence
of MODS?. Blood NMP levels were measured
in septic ALI/ARDS patients in the present
study, and the involvement of NMP in the
associated pathological conditions was inves-
tigated.

Patients and Methods

Consent to participate in this investigation
was obtained from the patients or their family
members, and the study was approved by the
Ethics Committee of Iwate Medical University.

The subjects were 46 sepsis patients
consisting of 30 males and 16 females. Their
ages ranged from 18 to 84 years, with a mean
age of 61 %19 years.

The diagnosis of sepsis conformed to the

criteria reported by Bone et al®. The diagnosis A

of ALI/ARDS conformed to the criteria repor-
ted by Bernard et al?2,

NMP was measured by enzyme-linked absor-
bent assay (ELISA) (Advanced Magnetics Inc.,
MA, USA). The measurement detection limit
was 10 U/mL, i.e. below the lower limit of
normal.

TNF- ¢ was measured by ELISA (Medogenix,
Fleurus, Belgium). The measurement detéction
limit was 3 pg/mL.

All data were expressed as means * standard
deviation (SD). Statistical analyses to detect
significant differences were conducted using the
unpaired Wilcoxon test. Pearson's tests were
calculated for the determination of correlations
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Fig. 1 Comparison of the blood level of TNF-a bet-
ween patients with and those without ALI/ARDS

between variables, and a p value lower than
0.05 was accepted as being statistically signifi-
cant.

Results

The NMP level was 822+ 881 U/mL in septic
ALI/ARDS patients, which was significantly
higher than the 198+ 171 U/mL in the patients
without ALI/ARDS (Fig. 1).

The TNF-a level was 1902294 pg/mL in
septic ALI/ARDS patients, which was signifi-
cantly higher than the 4027 pg/mL in those
without ALI/ARDS (Fig. 2).

There was thus a significant (p = 0.0001)
correlation between NMP and TNF- « levels (r
= (0.5349) (Fig. 3).

Discussion
As described above, NMP may be detected in
the plasma of cancer patients as a protein
released from dying cells, and the determination
of NMP may be useful for making the diagnoses
of malignancies and for monitoring pathological
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Fig. 2 Comparison of the blood level of NMP between
patients with and those without ALI/ARDS

conditions®. NMP is reportedly released early
due to fragmentation of DNA, and it is curren-
tly regarded as an indicator of apoptosis?.
There have been no reports on NMP in the
presence of ALI/ARDS.

One of the important roles of apoptosis in
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inflammatory lung diseases is to rapidly bring
inflammation under control by eliminating
inflammatory cells, destroying irreparable cells
due to severe injury, and destroying fibroblasts,
hemangioendothelial cells and pulmonary
epithelial cells which proliferate excessively
during the repair processes of normal tissue. It
is important for normal repair processes to
eliminate inflammatory cells and proliferating
hemangioendothelial cells and fibroblasts, via
apoptosis, during the tissue repair stage of
ALI?®, It has also been reported that alveolar
epithelial cells proliferate in the acute stage of
ARDS and subsequently induce apoptosis
during the ARDS repair stage?.

Our septic ALI/ARDS patients had high
NMP levels, suggesting that NMP levels reflect
the severity of cell damage or the severity of
apoptosis.

Apoptosis is induced by various extra- or
intracellular physiological or morbid signals. It
is also well known that TNF- « and NO induce

16.17.25~28)  There was a significant

apoptosis
correlation between TNF- @ and NMP levels in
the present study as well, suggesting TNF- o

to be involved in NMP production.
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Fig.3 Correlation between TNF- ¢ and NMP levels



