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Abstract : Blood levels of surfactant protein and type II phospholipase A2 (type II PLA2), in
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associated with diffuse peritonitis, were measured. Blood levels of surfactant protein-D (SP-D)
and type II PLA2 were elevated at the time ALI/ARDS manifested. There was a significant
correlation between SP-D and type II PLA2 The results suggest SP-D and type II PLA2 to be
involved in the manifestations of ALI/ARDS.
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Introduction

Pulmonary surfactant is a physiologically
active substance that is synthesized and
secreted from alveolar type II epithelial cells,
covers the inner surfaces of alveoli, and thereby
prevents end-tidal alveolar collapse!.

Acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) result in pulmonary
microvascular hyper-permeability. It has long
been accepted that the etiology of ALI/ARDS
involves hemangioendothelial and alveolar epi-
thelial cell injury, via activation of inflammatory
cells such as neutrophils in response to cytokine
generation?, and the expression of adhesion
factors®.

It has recently been reported that the
elevation of blood surfactant protein (SP) in the
presence of ARDS is very likely to be a cause of
ARDS or a defining prognostic factor*®. We
have also reported the significance of SP in
ARDS®™8,

The Type II phospholipase A2 (type II PLA2)
concentration is high at local sites of inflam-
mation®. Vadas et al. have reported that type-1I
PLA2 has a strong pyogenic action'® and that it
plays a role in sepsis and septic shock!), We
have also described the involvement of type II
PLAz in sepsis'*™. Some reports have recently
shown type II PLA2 in respiratory disorders' 19,
On the other hand, tumor necrosis factor a
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{TNF-a) and interleukin 1 (IL-1) are generated
by a variety of cells, and play major roles in
inflammatory reactions. These inflammatory
cytokines enhance type II PLA2 generation by
target cells, and type II PLA2 promotes eico-
sanoid generation. This process is considered to
be one of the mechanisms underlying inflam-
matory reactions of cytokines!” 9.

It has also been reported that type II PLA2
suppresses the function of surfactant!®.

In this study, we investigated blood levels of
SP-A, SP-D and type II PLAz2, as well as those of
inflammatory cytokines including TNF-a and
interleukin 8 (IL-8), at the time of ALI/ARDS
onset in sepsis patients.

Patients and Methods

Consent to participate in this study was
obtained from the patients or their family mem-
bers. This study was approved by the Ethics
Committee of Iwate Medical University.

The patients underwent surgery on an inpa-
tient basis at the Critical Care and Emergency
Center, Iwate Medical University Hospital
during calendar year 2000.

The diagnosis of sepsis conformed to the
criteria established by the ACCP/SCMCC Con-
sensus Conference Committee?®. The diagnosis
of ALI/ARDS conformed to the criteria repor-
ted by Bernard et al?.

There were 20 patients, 14 men and 6 women,
with diffuse peritonitis, with which sepsis was
associated. Their ages ranged from 27 to 88
years (mean, 60.0 years). ALI/ARDS were asso-
ciated with the condition in 12 patients (aged
58.6+17.2 years). There was no significant
difference in age (645*11.0 years) between the
ALI/ARDS patients and those without ALL/
ARDS.

SP-A and SP-D levels were measured by
enzyme-linked immunosorbent assay (ELISA)
(Teijin Institute of Biomedicine, Tokyo, Japan).
The method was based on that of Shimizu and

coworkers®?™2 Cut-off levels of SP-A and SP-D
were 43.8 and 109.8 ng/mL, respectively.

The blood level of type II PLA2 was measured
by immunoradiometric assay (IRMA) (Shionogi
Research Institute, Osaka, Japan)®. The normal
level was defined as being lower than 3.7pg/mL.

The blood level of TNF-a was measured by
ELISA (Medogenix, Fleurus, Belgium). The
measurement limit is 3 pg/mL. The blood IL-8
level was also measured by ELISA (TFB,
Tokyo, Japan). The measurement limit is 3
pg/mL.

All data were expressed as the mean=
standard deviation (SD). The significance of
differences was analyzed by the non-matched
Wilcoxon test, and a difference at p < 0.05 was
considered significant. Correlation coefficients
were determined using Pearson's test, and co-
rrelations at p <0.05 were considered significant.

Results

The SP-A level in the presence of ALI/ARDS
with diffuse peritonitis was 37.6*+16.2 ng/mL.
The maximum SP-A level during the course
was 29.9+8.2 ng/mL in the group without ALL/
ARDS. Thus, there was no significant difference
in SP-A level between the groups with and
without ALI/ARDS (Fig. 1).

The SP-D level in the presence of ALI/ARDS
was 476.3+391.2 ng/mL while the maximum
SP-D level during the course was 85.9 % 35.0
ng/mL In the group without ALI/ARDS. Thus,
the level was significantly higher in the group
with ALI/ARDS (Fig. 2).

The Type II PLA2 level in the presence of
ALI/ARDS was 154.6+102.3 ng/mL, while the
maximum level during the course was 42.3=
309 ng/mL in the group without ALI/ARDS.
Thus, the level was significantly higher in the
group with ALI/ARDS (Fig. 3).

The TNF-a level in the presence of ALL/
ARDS was 209.0+284.5 pg/mL, while the
maximum level during the course was 485%



Medical Postgraduates Vol. 44 No.1 2006 73

p=0.3431
100 - ' '
= ®
E
W ]
:F/ 50 -+ §
5 S o
ee 2
8 ®
® 8
)
ALI/ARDS(—) ALVARDS(+)
(n=8) (n=12)

Fig. 1 The SP-A levels in patients with ARDS and
without ARDS.
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Fig. 2 The SP-D levels in patients with ARDS and
without ARDS.

280 pg/mL in the group without ALI/ARDS.
Thus, the level was significantly (p = 0.0015)
higher in the group with the ALI/ARDS

The maximum blood IL-8 level during the
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Fig. 3 The type II PLA2 levels in patients with ARDS
and without ARDS.

course was 58.5+30.2 pg/mL in the group
without ALI/ARDS. Thus, the maximum IL-8
level was significantly {p = 0.0473) higher in the
group with ALI/ARDS.

There was no significant (p = 0.1343) correla-
tion between SP-A and SP-D levels (r = 0.3464).

There was no significant correlation between
SP-D and TNF-a, whereas there was a signifi-
cant (p = 0.0001) correlation between SP-D and
11-8 levels (r = 0.7967).

There was also a significant correlation bet-
ween SP-D and type II PLA2 levels (Fig. 4).

Discussion

Sepsis is frequently associated with the rising
severity of diffuse peritonitis. Furthermore,
ARDS is associated with sepsis at a frequency
of 38%, and the association of ARDS has been
considered an important prognostic factor?®.

In this study, SP-D and type II PLA2 were
elevated in ALI/ARDS associated with diffuse
peritonitis. Blood levels of inflammatory cyto-
kines, ie, TNF-a and IL-8, were also elevated
at the time ARDS manifested. However, while
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Fig.4 The correlation between SP-D and type II PLA2 levels.

SP-A showed a tendency toward elevation in
ALI/ARDS, there was no significant elevation of
SP-A in the group without ALI/ARDS. SP-A is
involved in pulmonary surfactant homeostasis
and is closely associated with alveolar immunity
and inflammation including increased phagocy-
tosis of alveolar macrophages and suppression
of cytokine release. Many details regarding the
function of SP-D remain unknown, but SP-D is
considered to be involved in alveolar immuno-
logical control via macrophages in a manner
similar to that of SP-A.

Many details regarding the mechanisms
underlying manifestations of SP-A and SP-D in
blood also remain unclear. The following are
considered to be involved in these mechanisms:
Increased generation of type II cells, alveolar
epithelial lesions or alveolar basement memb-
rane injury, capillary hyper-permeability, etc. In
cardiogenic pulmonary edema, however, with
which capillary hyper-permeability is associated,
the blood SP-A level is not increased, while it is
increased in experimentally radiation-induced
pneumonitis leading to basement membrane
injury. On the basis of these observations, we
speculate that increases in the generation of

type II cells and alveolar epithelial lesions or
alveolar basement membrane injury are the
most likely mechanisms accounting for the
elevations of SP-A and SP-D in blood.

A report has also shown that surfactant
suppresses secretory PLA2 expression from
guinea-pig alveolar macrophages?”. Other
studies have shown that respiratory disorders
occur in response to inactivation of surfactant
by phospholipase A22 29,

The type II PLA2 elevation was consistent
with the SP-D elevation, showing that SP-D was
released into the bloodstream as a result of
damage to pulmonary tissue by type II PLA2
This suggests that inhibition of the activity of
type II PLA2 suppresses pulmonary tissue
damage, thereby inhibiting the manifestations of
ARDS.

The SP-D elevation in the bloodstream of an
ARDS patient indicates an SP-D deficiency in
pulmonary tissue, ultimately demonstrating that
it would be reasonable to administer surfactant
for the purpose of treating ARDS.

Elevations of TNF-a and IL-8 reflect inflam-
matory reactions, suggesting that both are
significantly involved in type II PLA2 genera-
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tion.

The present observations suggest that SP-D
and type II PLA2 play major roles in the onset
of ALI/ARDS in the presence of diffuse perito-
nitis.
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Abstract We investigated the relationship between inflam-
matory and anti-inflammatory cytokines in the pathogenesis
of chronic subdural hematoma (CSDH) by measuring the
plasma and subdural fluid levels of interleukin-6 (IL-6),
interleukin-8 (IL-8), and interleukin-10 (IL-10). The levels
of IL-6, IL-8 and I1.-10 were measured in the subdural fluid
obtained from 34 patients with CSDH, using the enzyme-
linked immunosorbent assay. The patients were classified
into a high IL-10 group and a low IL-10 group according to
the level of IL-10 in their subdural fluid samples. The
subdural fluid levels of IL-6 and IL-8 were significantly
higher in the high IL-10 group than in the low IL-10 group
(P<0.05). A tendency for the patients in the low IL-10 group
to show the separated or layer type of pattern on the CT
scans was noted.

Keywords Chronic subdural hematoma -
Anti-inflammatory cytokine - Interleukin-10 -
Interleukin-8 - Interleukin-6

Introduction

Chronic subdural hematoma (CSDH) is well known to
occur following even mild head trauma, especially in
elderly patients [6, 7, 14]. Recently, local elevation of the
levels of inflammatory cytokines, including those of the
fumor necrosis factor-alpha (TNF-«), interleukin-1-beta
(IL-1B), interleukin-6 (IL-6), and interleukin-8 (IL-8), has
been shown in the subdural fluid in cases of CSDH and
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inflammation has been proposed as playing a leading role
in the pathogenesis of CSDH {2, 20].

Interleukin-10 (IL-10) is an anti-inflammatory cytokine
released by monocytes and macrophages, and suppresses
the production of inflammatory cytokines by the mono-
cytes [1, 19]. If inflammation has been proposed as playing
a leading role in the pathogenesis of CSDH, local change of
the anti-inflammatory IL-10 may relate with pathological
features of CSDH. To evaluate the role of IL-10 in the
pathogenesis of CSDH, we measured the levels of IL-10,
IL-6 and IL-8 of subdural fluid in CSDH. We discussed the
relationship between local elevation of the inflammatory
and anti-inflammatory cytokines and radiological features
of CSDH.

Patients and methods

Thirty-four patients (29 males and five females; age range,
52-90 years; mean, 71.0 years) of CSDH were enrolled in
the study. Patients with recurrent CSDH were excluded. In
29 of 34 patients, head trauma of various degrees of
severity was the cause of CSDH. Nine of 34 patients
received aspirin or ticlopidine as antiplatelet drugs and one
patient received warfarin preoperatively. No patients
presented any other risk factors for CSDH, such as chronic
alcohol abuse and sever brain atrophy. CSDH was
diagnosed based on computed tomography (CT), and
none of the patients exhibited any signs of systemic
inflammation. Blood examination was conducted in all
patients on the day of the surgery, for a complete blood
count and measurement of the serum level of C-reactive
protein. All the patients were treated surgically by a small
burr-hole craniotomy and irrigation, followed by external
closed drainage, under local anesthesia. CT was performed
24 h, 7 days, 1 month, 3 months, and 6 months after the
surgery, if there was no evidence of recurrent CSDH.
Recurrence was considered to have occurred if there was
evidence within 6 months of the surgery of increased
thickness of the residual CSDH on CT images compared
with that in the CT images obtained 7 days postoperatively.



We performed repeated CT at 2-week intervals for the
patients who had recurrent CSDH. We considered surgical
treatment when there was evidence of development of
recurrent CSDH on repeated CT.

The levels of IL-6, IL-8 and IL-10 were determined by
enzyme-linked immunosorbent assay. Samples of subdural
fluid were collected directly from the CSDH at the time of
the surgery. All the samples were centrifuged at 3,000 rpm
for 10 min, and the supernatants were stored in sealed
polypropylene tubes at —80°C until analysis. The all
cytokines were assayed using enzyme-linked immunosor-
bent assay kits (R&D systems, Minneapolis, Minn.).

CSDH was classified into four types based on the pattern
of the lesions on CT scans. Group 1: separated or layer
type, consisting of two components of different densities,
with a boundary in between; Group 2: laminar or mixed-
density type, consisting of a homogenous density, with a
high-density layer along the inner membrane; Group 3:
trabecular type, consisting of a high-density septum
between the inner and the outer membranes against a
low-density to isodense background; Group 4: represented
by a high-density, low-density, or isodense type of lesion,
according to the classification suggested by Frati et al. [2].

For analysis of the relationship between the inflamma-
tory cytokines IL-6 and IL-8, and the anti-inflammatory
cytokine IL-10, we classified the patients into two groups:
a high IL-10 group and a low IL-10 group. The differences
in the levels of the inflammatory cytokines 1L-6 and IL-8
between the high IL-10 group and low IL-10 group were
tested by the Mann-Whitney test. The levels of these
cytokines were also compared among the four groups
divided according to the patterns on the CT scans, by
Scheffé’s F' method.

Fig. 1 Bar graph showing the 600
level of IL-10 in the subdural (pg/di)
fluid in CSDH in all patients.
Each patient was sorted into
either a group with IL-10 under 500 -
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Results

In all patients, blood cell count and serum level of C
reactive protein were normal. Figure 1 shows the level of
IL-10 in subdural fluid in all patients. Each patient was
sorted into either a group with IL-10 under 60 pg/dl or a
group with IL-10 over 200 pg/dl, as shown in the bar graph
of Fig. 1. Consequently, we classified the patients into two
groups: a high IL-10 group, in which the subdural fluid IL-
10 level was over 200 pg/dl, and a low IL-10 group, in
which the subdural fluid IL-10 level was under 60 pg/dl.

The subdural fluid levels of IL-6 and IL-8 were
significantly higher in the high IL-10 group than in the
low IL-10 group (P<0.05) (Table 1). The differences in the
subdural fluid levels of IL-6, IL-8, and IL-10 among the four
groups classified by the lesion pattern on CT were not
significant, but a tendency for patients from Group 1 to show
a low level of IL-10 was noted (Table 2).

Only one patient had a recurrence of CSDH in this study.
This patient received aspirin pre- and postoperatively. In
this patient who had CSDH classified as Group 2, the level
of IL-10 in subdural fluid was 36.1 pg/dl.

Table 1 Subdural fluid levels of inflammatory cytokines in the high
IL-10 vs low IL-10 group. Values represent means = standard
deviation

IL-6 (pg/dl) 1L (pg/dl)
IL-10 over 200 pg/dl (n=5)  1477+36.13*  776+147.8%*
IL-10 under 60 pg/dl (n=29)  1,053£506.4  545.4+307.6

*Significant difference in the level of IL-6 between two groups
(P=0.022)

**Significant difference in the level of IL-8 between two groups
(P=0.044)

All cases in this study
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Table 2 The levels of cytokines in subdural fluid by classification
of CT scanning pattern. Values represent means + standard deviation

Group® IL-6 (pg/dl)  IL-8 (pg/dl)  IL-10 (pgrdl)
Group 1 (n=3)  1,138+523.2  663.0+179.4  15.5326.1
Group 2 (n=4)  13214258.8  741.4%1752  56.4+96.4
Group 3 (n=8)  1,374%197.6  575.7+3088  57.7+8038
Group 4 (n=19)  959.94566.2  533.7£330.6  64.8+140.6

*Group 1 the separated or layering type; Group 2 the laminar or
mixed-density type; Group 3 the trabecular type; Group 4 a high-
density, low-density, or isodense type

only one patient had recurrence of CSDH in this study. We
will investigate more cases with Group 1 pattern of CSDH
and/or recurrent CSDH in order to demonstrate the role of
inflammatory and anti-inflammatory cytokines in pathogen-
esis of CSDH which tend to rebleed easily.

The level of IL-10 elevated in subdural fluid of CSDH
locally like inflammatory cytokines such as IL-6 or IL-8.
The local activation of IL-10 in CSDH was similar to that
in other non-specific inflammation. We suggest that IL-10
acts as a deactivator of inflammation in the pathogenesis of
CSDH.

Discussion

CSDH refers to a collection of blood in the space formed
by cleavage of the inner dural layer (Haines and co-workers
called this layer the dural border cell layer) after head
trauma [8, 9, 13—15]. Recent studies have reported the local
elevation of inflammatory cytokines in the cavity of the
CSDH and support the hypothesis that local inflammation,
angiogenesis, increased vascular permeability, and in-
creased coagulative and fibrinolytic activity may be
involved in the pathogenesis and progression of CSDH
[3-5, 10-12, 16, 20, 21].

Inflammatory cytokines can stimulate the production of
additional cytokines, which, together with the former,
generate tissue pathology in human inflamrmatory diseases.
A major deactivator of activated cytokine-producing cells
is the anti-inflammatory cytokine IL-10 [1, 19]. We found
the high IL-10 group showed significantly higher subdural
fluid levels of IL-6 and IL-8 compared with the low IL-10
group. Our data on IL-10 suggest that the inflammatory
process is activated during the formation of CSDH, while
the balance of activation between inflammatory cytokines
and anti-inflammatory cytokines is maintained. This phe-
nomenon is similar to the inflammatory process in non-
specific inflammation. Therefore, the elevation of IL-10
suggests that inflammation in the pathogenesis of CSDH
may regulate it last.

Interestingly, the level of IL-10 in the subdural fluid
tended to be lower in patients belonging to the Group 1 CT
pattern (see Table 2). However, no significant differences in
the levels of these cytokines were found among the groups
divided on the basis of the lesion patterns on CT scans.
Previous studies have reported that cases of CSDH showing
the Group 1 CT pattern, which tend to rebleed easily,
showed higher levels of inflammatory cytokines compared
with other types of CSDH [2, 17, 18, 20]; therefore,
elevation of the levels of inflammatory cytokines might be a
risk factor for recurrence of CSDH [20]. However, our
results did not support these considerations. We consider
that it is difficult to explain the elevated levels of
inflammatory cytokines simply by the effects of one kind
of pathological event, such as bleeding into the subdural
space. However, evaluation of only three patients showing
the Group 1 pattern of CSDH on CT in our series may be
statistically difficult. Similarly, it is difficult to evaluate the
relationship between recurrence and level of IL-10, because
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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
IL-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.

Key words : peritonitis, sepsis, IL-18, SOFA score

I. 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 pathology %’

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®' .

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.

Il. 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 wuntil 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 interleukin 8 (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.

IIl. 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



