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Systemic inflammatory response syndrome (SIRS) is caused by proinflammatory cytokines, such as TNF-c.
SIRS that is mild soon remit naturally but some SIRS are severe and may change into multiple organ failure
(MOF) associated with serious infections and tissue damage. If early differential diagnosis were possible, early
measures could be taken to prevent poor outcomes. Endothelial selectin (E-selectin) is a single-chain glycoprotein
that belongs to the selectin family. It is distributed in vascular endothelial cells, and is one of the cell adhesion
molecules that contribute to the adhesion between endothelial cells and neutrophils and monocytes. E-selectin is
induced by proinflammatory cytokines, and it appears in the blood of inflammatory disease and cancer patients.

In this study, we investigated the correlations between soluble E (sE) -selectin with severity, outcome, and
functional failure of individual organs, and we assessed the usefulness of sE-selectin for judging outcome in se-
vere cases.

The subjects were 50 emergency patients brought to our center, diagnosed with SIRS and had a Sequential
Organ Failure Assessment (SOFA) score of 3 or more. The method consisted of measuring sE-selectin on arrival
at the hospital (day 0) and on hospital days 1, 3, 5, and 7, and then testing for correlations with organ failure and
survival.

The results showed patients who died within 28th hospital day either had significantly higher sE-selectin
levels on arrival or continued to have high levels within 7 days of admission than those who survived. This find-
ing made it possible to predict the outcome of the patients. MOF group showed significantly higher levels than
the non-MOF group. The number of failing organs increased as the sE-selectin values rose, and there was a posi-
tive correlation between the changes in SOFA scores and sE-selectin values. Testing for correlations between
the sE-selectin values and each organ failure showed that the serum sE-selectin levels were most significantly
correlated with the PaQ;/Fi0: ratio (P/F ratio), which reflects the degree of failure to the respiratory system. In
addition, comparison of the acute lung injury (ALI)/adult respiratory distress syndrome (ARDS) group and the
non-ALI/non-ARDS group showed that the sE-selectin levels were significantly higher in the ALI group. A sig-
nificant correlation was also found between the sE-selectin values and DIC score. Furthermore, the sE-selectin
levels also significantly increased in the DIC than in non-DIC group. Based on the above findings, sE-selectin
measurements correlated with DIC scores, SOFA scores, functional failure of the respiratory system, coagula-
tion, and kidney. Since the sE-selectin level also correlated with patient survival, it may be a useful blood marker
for predicting severity outcome and survival in critically-ill patients.

Key words: soluble endothelial selectin (sE-selectin), systemic inflammatory response syndrome (SIRS), acute
respiratory distress syndrome (ARDS), multiple organ failure (MOF), disseminated intravascular coagulation (DIC)

Introduction glycoprotein having a molecular mass of 115 Kda. It
Endothelial selectin (E-selectin) is a single-chain belongs to the selectin family called endothelial leu-
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kocyte adhesion molecule-1 (ELAM-1), and is dis-
tributed in vascular endothelial cells. E-selectin is a
cell adhesion molecule between endothelial cells
and neutrophils, monocytes, and other elements’?.
Other members of the selectin family besides the E-
selectin expressed in vascular endothelial cells are
platelet selectin (P-selectin) which is expressed in
activated blood platelets, and leukocyte selectin (L-
selectin ) which is expressed in leukocytes”. E-
selectin is not expressed in vascular endothelial
cells under ordinary conditions. It is only expressed
when induced by proinflammatory cytokines, such
as TNF-a and IL-1f, and it promotes the adhesion of
neutrophils, monocytes, or cancer cells to the vascu-
lar endothelium®.

When the amount of E-selectin increases, as ex-
pressed in response to induction by proinflamma-
tory cytokines, the extracellular domain is cleaved
at the membrane binding site of the molecule. It
then becomes soluble E-selectin (sE-selectin), and
appears in blood. Large amounts of sE-selectin gen-
erally appear in the blood of patients with inflam-
matory diseases, such as bacterial infections and
collagen diseases, or in the blood of cancer pa-
tients” .

Systemic inflammatory response syndrome
(SIRS) is a pathological condition caused by an in-
creased production of proinflammatory cytoki-
nes™”'”. Some cases of SIRS are mild and remit natu-
rally, while others become severe and progress to
multiple organ failure (MOF). Early diagnosis of the
condition and determination of treatment policy are
linked to improved patient outcome'®. Currently,
there is not a consensus method to predict the out-
come of SIRS patients. In our study, we measured
sE-selectin levels in the blood of SIRS patients when
patients arrived at the emergency center of our
hospital and analyzed the associations of sE-selectin
with disease severity and disease outcome.

Methods

We included 50 patients brought to our emer-
gency center between January and May, 2003, who
were diagnosed with SIRS at the time of the initial
examination.

Severity was rated by the Acute Physiology and

Chronic Health Evaluation (APACHE) II score,
the Sequential Organ Failure Assessment (SOFA)
score'”, and the Disseminated Intravascular Coagu-
lation (DIC) score®. DIC was diagnosed when the
DIC score was 4 or more, and MOF was diagnosed
when the SOFA score was 2 or more for at least 2
items (organs). Acute Lung Imjury (ALI) was di-
agnosed when the PaQ,/Fi0; ratio (P/F ratio) was
<300, in accordance with the American-European
Consensus Conference (AECC) definition'®.

Patients’ blood sE-selectin levels were measured
on arrival and on hospital days 1, 3, 5, and 7. The pa-
tients were divided into (1) survived group or non-
survival group, (2) MOF group or non-MOF group,
(3) acute lung injury (ALI)/adult respiratory dis-
tress syndrome (ARDS) group or non-ALI / non-
ARDS group, and (4) DIC group or non-DIC group.
We investigated whether there were significant dif-
ferences in blood sE-selectin levels between each
pair of groups and whether sE-selectin levels corre-
lated with (1) SOFA scores, (2) number of organ
failure, and (3) each organ failure.

Arterial blood specimen was collected at room
temperature. Five ml of whole blood was immedi-
ately transferred to a test tube containing citrate
and was centrifuged at 3000 rpm for 15 min. The re-
agent was then added to 1 ml of the supernatant
(citrated plasma) and measured with sE-selectin as-
say reagent (I-sES) by a fully automated immune
serum testing apparatus (LPIA-S500) that uses la-
tex immunonephelometry based on the latex agglu-

17)

tination'”, developed by Mitsubishi Kagaku Iatron
Inc. (Tokyo, Japan).

This clinical study (No.499) was performed with
the approval of Ethics Committee of Tokyo
Women's Medical University.

Statistical analysis

SPSS 13.0 software (SPSS Inc., Chicago, IL, USA)
was used to perform the statistical analysis. All nu-
merical data was expressed as median. The Mann-
Whitney U test was used to analyze difference be-
tween two groups because of not distribute nor-
mally . The Kruskal-Wallis test was used for
multiple-group comparisons. The chi-square test
and Fisher's exact probability test were used for
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Table Characteristics of patient

Total Survive Non-survive p

Number of patients (%) 50 43 (86) 7 (14) NA
Age (y) 58 (15-86) 56 (15-86) 67 (49-86) 0.037
Male/Female 37/13 33/10 4/3 0.357
APACHE Il score (admission) 175 (6-37) 17 (6-32) 27 (9-37) 0.126
SOFA score (admission) 4 (0-16) 4 (0-16) 7 (4-12) 0.015
DIC (admission) (%) 5 (10) 3(7) 2 (29) 0.138
MOF (admission) (%) 17 (34.0) 13 (30.2) 4 (57.1) 0.210
sE-selectin (admission) (ng/ml) 24.76 (0-188.44) 2225 (0-188.44) 75.90 (49.32-187.17) < 0.001
PRIMARY ADMISSION DIAGNOSIS

Trauma 23 23 0

Sepsis 11 6 5

Coma 3 3 0

Acute respiratory failure 3 3 0

Diabetic keto acidosis 2 1 1

Celebral injury 2 1 1

Gastrointestinal bleeding 2 2 0

Other 4 4 0

the other categorized data. Spearmans rank-
correlation coefficient was used to test for correla-
tions.

A statistically significant difference was consid-
ered when p value was less than 0.05.

Results

The background of all 50 subjects is shown in Ta-
ble. Their mean age was 53.6 £ 20.1 years (range: 15
to 86 years), and there were 37 males and 13 fe-
males. There were 23 trauma patients and 27 non-
trauma patients, and the diagnosis on arrival in the
non-trauma patients was sepsis/septic shock in 11
cases, consciousness disorder in 3 cases, diabetic ke-
toacidosis in 2 cases, acute respiratory failure in 3
cases, cerebral hemorrhage in 2 cases, hemorrhagic
shock secondary to gastrointestinal bleeding in 2
cases, and hyperthyroidism, electrical shock, acute
drug toxicity, and acute heart failure in 1 case each.

On hospital day 28 there were 43 survivors, and 7
had died (mortality rate: 14%). The APACHE II
score on arrival at the hospital was 17 in the survi-
vor group and 27 in the group that died, but the dif-
ference was not statistically significant (p=0.126).
The SOFA score, however, was 4 in the survivor
group and 7 in the group that died, and the differ-
ence was statistically significant (p <0.05).

DIC was already present on arrival at the hospi-
tal in 3 patients (7%) in the survivor group and 2

patients (29%) in the group that died, and there
were 13 patients (30.2%) with MOF in the survivor
group and 4 (57.1%) in the group that died, but the
differences between the group that survived and
the group that died were not significant. The sE-
selectin values were 22.3 ng/ml in survivors and
75.9 ng/ml in non-survivors, and the difference was
statistically significant between survivors and non-
survivors (p<0.05).

Changes in sE-selectin

The changes in blood sE-selectin values of all pa-
tients between the time they were admitted and
hospital days 1, 3, 5, and 7 are shown in Fig. 1. Many
patients who survived had either a lower sE-
selectin level on arrival or the level decreased over
time even if the patients had a high level on arrival.
In contrast, the sE-selectin levels of the non-survival
patients were higher on arrival or did not decrease
during the 7-day course.

Comparison of sE-selectin values on admission
and hospital days 1, 3, 5, and 7 in the group that sur-
vived and the group that died revealed significant
differences on each day: 22.3vs 759, 25.1 vs 75.3,
253 vs 1181, 29.2 vs 889, 29.1 vs 95.1, respectively,
all p<0.05).

sE-selectin and MOF

The blood sE-selectin values were compared be-

tween the MOF group and non-MOF group during
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Fig. 1 Daily changes of serum level of sE-selectin
Upper panel is survive: O (n = 43), lower panel is non-survive: ® (n = 7).

the entire course of all patients (Fig. 2). The sE-
selectin value was 46.08 ng/ml in the MOF group
(n=152) and 22.24 ng/ml in the non-MOF group
(n=89), and the difference was significant (p<
0.05). Comparison of the number of organ failure
and the sE-selectin values revealed that the sE-
selectin values increased with the number of organ
failure, and a significant difference was observed at
each number of organ failure. The sE-selectin value
was 19.64 ng/ml in no organ failure at all; 26.31 ng/
ml in one organ failure; 38.7 ng/ml in two organ fail-
ures; 54.19 ng/ml in three organ failures; 54.19 ng/
ml in four organ failures; 180.77 ng/ml in five organ
failures (p<0.05) (Fig. 3). The statistically signifi-
cant difference between 4 organs failures and 5 or-

gans failures, however, did not reached.
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Fig. 2 Serum level of sE-selectin with (open square:
n = 152) and without (gray square:n = 89) MOF
* p < 0.05.
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Fig. 3 Serum level of sE-selectin and number of or-
gans
Number of organs ‘0" means no organ failure. There
were statistically significantly change between all
groups except for only between 4 and 5.

Correlations between sE-selectin values and
failures of individual organs (Fig.4)

A correlation was found between the SOFA
scores throughout the entire course of all patients
and the blood sE-selectin values (r=10.590, p<0.05).
There was a weak correlation between the Glasgow
Coma Scale (GCS) and the blood sE-selectin values
(r=~0235, p<0.05). A significant association was
found between the P/F ratios and sE-selectin val-
ues (r= —0560, p<0.05). No association was ob-
served between mean arterial blood pressure
(MAP) and the sE-selectin values (r=-0.110,p=
0.086). There was a significant correlation between
the serum creatinine concentrations and sE-selectin
values on arrival at the hospital (r=10.401, p<0.05).
A weak correlation was found between the blood
platelet counts and the sE-selectin values (r =
- 0307, p<005). No association with the sE-
selectin values was found in the blood total bilirubin
levels (r=10.044, p=0.490).

sE-selectin and ALI

Comparison between the sE-selectin values over
the entire course in the ALI/ARDS group (n=
83) and non-ALI/non-ARDS group (n=162) re-
vealed a significant difference between the two
groups. The sE-selectin value was 44.56 ng/ml in
the ALI/ARDS group and 22.35 ng/ml in the non-

5

ALI/non-ARDS group, and it was significantly
higher in the non-ALI /non-ARDS group (p<0.05)
(Fig.5).

sE-selectin and DIC

Comparison between the blood sE-selectin values
in the DIC group (n=32) and non-DIC group (n=
204) showed that the sE-selectin value was 63.85
ng/ml in the DIC group was significantly higher
than the value of 27.37 ng/ml in the non-DIC group
(p<0.05) (Fig. 6). In addition, the results of the as-
sessment with the DIC scores showed that the
blood sE-selectin values increased as the DIC scores
rose, but the correlation was weak (r=0.369, p<
0.05) (Fig. 7).

Discussion

Large amounts of sE-selectin are expressed in the
serum as a result of vascular endothelial cell injury
in patients with infections and chronic inflamma-
tory diseases, such as collagen diseases, and in can-
cer patients®®. Moss et al® reported that sE-
selectin and sICAM-1 levels are not high in all
ARDS cases and the levels depended on the patho-
genetic mechanism of diseases. Newman et al® re-
ported a higher serum sE-selectin level in septic
shock patients with unstable hemodynamics than in
sepsis patients.

sE-selectin expression begins as a leukocyte-
vascular endothelium adhesion molecule in the
early stage of the inflammatory response. We think
the degree of neutrophil activity among vascular
endothelial cells is correlated with endothelial cell
injury; thus, we selected serum sE-selectin as an in-
dex of neutrophil activation to rate disease severity.
In our study, we performed a series of serum sE-
selectin measurements in 50 acute SIRS patients of
a wide variety of pathogenetic mechanisms, and we
investigated the associations between sE-selectin
and survival, severity of disease, indicated by fail-
ure of individual organs, such as the brain (con-
sciousness), lungs (respiration), heart (circulation),
coagulation (platelet count), kidney and liver, and
DIC.

Our results showed that although there was no
significant difference in APACHE II scores on arri-
val at the hospital, the blood sE-selectin level on ad-
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Fig. 7 Correlation of serum level of sE-selectin and DIC score

mission and until 7th hospital day was significantly
higher in patients who survived than those who
died on the 28th hospital day. Cummings et al'” re-
ported that the blood sE-selectin values of patients
admitted to the intensive care unit on day 1 were
significantly higher in the group that died than in
the group that survived.

In our verification, comparison of the sE-selectin
values on arrival at the hospital and on each hospi-
tal day, days 1, 3, 5, and 7, over the entire admission
process showed a significant difference every time
between the group that survived and the group

that died. When the sE-selectin value on admission
was high, or remained high during the subsequent
week, the patients either had poor outcome or died.
Our findings suggested that serum sE-selectin lev-
els may be useful for predicting patients’ outcome
or survival among critically-ill patients.

Evaluation of the severity of SIRS is essential to
further treat SIRS patients, and since mortality in-
creases if patients develop MOF, we correlated
MOF and sE-selectin levels. We found that sE-
selectin levels increased significantly with MOF.
The number of failing organs increased as the blood
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sE-selectin levels rose in SIRS patients with organ
failure, and that there was a significant difference in
the number of failing organs between groups. More-
over, SOF A scores, which were used to rate sever-
ity and the number of failing organs, also revealed
that serum sE-selectin levels increased whenever
the SOF A scores rose.

Hugh et al® showed that when compared with
the healthy subjects, SIRS patients had significantly
higher blood E-selectin concentrations, particularly
in those associated with organ failure. According to
Simons et al”’, trauma patients who had a higher se-
rum sE-selectin concentration had a high probabil-
ity of developing infection or organ failure.

Because the proinflammatory cytokines that are
released when the body is exposed to an excessive
insult trigger the liberation of sE-selectin into the
blood by vascular endothelial cells, a strong correla-
tion has been found with the magnitude of the in-
sult and sE-selectin is considered an indicator of the
severity of the organ failure that is induced. More-
over, when we investigated correlations between
the sE-selectin values and the severity of the organ
failure according to individual failing organs, the
most significant correlation was found between the
P/F ratio, which reflects the severity of disease in
the respiratory system, and the blood sE-selectin
values, and there were also correlations with the se-
rum creatinine concentration, which reflects kidney
function, and the platelet count, which reflects dam-
age to the blood coagulation system. The fact that
no correlations were found in relation to the central
nervous system, heart, vascular system, or liver
function, on the other hand, suggests that the blood
sE-selectin values may be organ-specific.

All of the cases were divided into an ALI/ARDS
group and a non-ALI/non-ARDS group according
to whether they had a P/F ratio of less than 300 or
of 300 or more, when the patients with impaired
respiratory systems were compared for serum sE-
selectin levels, the ALI/ARDS group had higher sE-
selectin levels, and the P/F ratio was found to be
the strongest factor among all the organ failure indi-
cators that correlated with sE-selectin. Burnham et
al® detected significantly higher sE-selectin values

in the alveolar lavage fluid of ARDS patients who
had been exposed to alcohol for long periods. The
fact that the serum sE-selectin level, which is an in-
dicator of endothelial cell injury, was measured else-
where besides the blood also suggested its useful-
ness. Furthermore, Kayal et al®, reported that sE-
selectin is useful for predicting the outcome of ALIL
Gando et al®, reported that the increase in sE-
selectin in ARDS patients shows that the systemic
inflammation spreads out from the vascular endo-
thelial injury, and it predicts the outcome of ARDS.
With these studies, sE-selectin appears to reflect
disease severity even in patients with respiratory
failure.

Serum sE-selectin levels also correlated with
platelet counts. Our results showed that the serum
sE-selectin levels were significantly higher in the
DIC group, and that there was a positive correlation
between the DIC scores and the serum sE-selectin
values. Gando et al®, reported that among septice-
mia patients, neutrophil elastase, E-selectin, and
other molecular markers were significantly higher
in the DIC group than in the non-DIC group. DIC is
one of the factors that induces organ failure. Be-
cause the DIC score reflects the severity of inflam-
matory vascular endothelial injury at the capillary
level, and because there is a positive correlation be-
tween the DIC score and sE-selectin, sE-selectin
correlated positively with vascular endothelial in-
jury and it reflected the transition of a disease state
to MOF in SIRS patients.

Blood sE-selectin values were previously meas-
ured by ELISA, which was inconvenient and time-
consuming. The method we used is a device that
uses latex agglutination and does not require any
special technical skills. The results can be obtained
in approximately 20 min.

The Abbreviated Injury Scale®, degree of injury
by the ISS™, the TRISS method®, the Trauma
Score®, etc., have been devised to predict the out-
comes of critically-ill patients but a common consen-
sus on their accuracies has not been established®’.
Thus, there is a need for a new blood marker to be
developed that will serve as an indicator for manag-
ing ciritcally-ill patients.
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In summary, serum sE-selectin levels of SIRS pa-
tients reflected disease severity and outcome. In
particular, the strongest correlations among the in-
dicators and markers were found for impaired res-
piratory systems indicators and DIC. A high serum
sE-selectin level on arrival at the hospital indicated
a poor outcome. Since sE-selectin reflects vascular
endothelial injury and neutrophil activation, sE-
selectin in critically-ill patients may be a useful
marker for predicting survival. Because the test can
be performed with a compact test device and the
method is convenient and fast, it is a suitable meas-
uring device.

Conclusion

Our results suggest that serum sE-selectin levels
obtained by latex agglutination may serve as an im-
portant marker for rating disease severity and out-
come in the emergency center.
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EEBREICH T 2 AM4 E-selectin IBEAFOEKITESH

'HEZFERKE HEARE (FFEHK B 89
'R OREHEY Y- HeEEEEry—
ERERWMLASE KEREFEFER ARHEEsy
S R A R Bk

& H I SOSEE R (SIRS) 13RBICH$ 2 4 BUS & LT TNFo =2 EORERS 4 P H A4 L I2X DB
I END. ZOHIE, —BETHARBRRIZND D SIRS &, B2 EEE - AGEE % EVE RS (MOF)
NEEELT B SIRS B Y, Wig % BIICENZH CENITEEBILZH I LB TEER EOFEIA XV, E
selectin i3V 7 F 77 IV —IZE T2 HEEEAT, NWEMNEMBICOA LNEEFhEE - BEREnEEIC
M5 T 5MREETFO—2THY, REEIA MIA VICLVFESH, FERKERLEBREOMBICHET
B EPHBENTWAS, FA LM soluble E-selectin 12 B L, SIRS BEOEEE, Fi%, SMEOBERSL
DR & BREBE O F BRI EITHE AP RE L.

SIRS L W E N SOFA A7 —T3HU LB LAERSOFZRNSEE L, 40,1,3,5 7 H I sEselectin
2l LBRET L7z #52R, KRB OMA sE-selectin MHi345 28 5 H DR CHESEFRICHE B ICHMEARL, 7
DROEHIATCH THRBIHMEI S, BEOFHLMENTEZ. MOF B L Ik MOF B O H# T, MOF
HrABICRMEZR L. 72, sEselectin 2 EH2 & HICA LMK D B L X 512 SOFA score & sE-
selectin [EDZEEYIZIE DM % b7z, F 72 sE-selectin i & BIIEEDHBE % 4 5 L, ISR O EIERE % KMt
% Pa0,/Fi0, It (P/F ratio) T sE-selectin A R b A EITHE L, 2MMiEE (ALI/ARDS) 2 & non-ALI/non-
ARDS B Tid ALI 8T sE-selectin fE25E B2 _EJ U 72, $BFE M08 P L 708 B EE (DIC) BE & non-DIC Bt
il Tl DIC # T sE-selectin 2"H ZICH AR L, DIC score & sE-selectin fEDO BT EDOHFRE % 3872,

Pl E XY sE-selectin i& DIC score - SOFA score * FFIE - §t[H - FHOBBEAREDOAL LT EEOEMTFHR L
SHBET LI 0D, BEEERPEGTROBEHAZILF—A—10hbE L 5N

—476—



