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Abstract: Intercellular adhesion molecule 1 (ICAM-1) and its soluble counterpart (sICAM-1) are proteins that play
roles in endothelial dysfunction. Increased sICAM-1 level is correlated with sepsis; however, there are rarely data
on the association between sICAM-1 levels and mortality of septic patients. This study aimed to determine whether
serum sICAM-1 levels could be a marker for adverse outcome of severe sepstic patients. A total of 182 severe septic patients were included and their serum sICAM-1 levels were measured by enzyme-linked immunosorbent assay
(ELISA). Serum sICAM-1 was also measured in 60 gender and age-matched healthy controls. Patients were followed
for at least 30 days. Our results showed that serum sICAM-1 levels were significantly higher in septic patients compared with healthy controls (P<0.001), and in nonsurvivors (n = 67) compared with survivors (n = 115) (P<0.001).
The levels of sICAM-1 were closely correlated with APACHE II score, SOFA score, serum creatinine, and inflammtory
mediators such as C-reactive protein (CRP), interleukin 6 (IL-6) and tumour necrosis factor-α (TNF-α), as well as associated with the presence of septic shock, diabetes mellitus and chronic obstructive pulmonary disease (COPD)
(All P<0.05). High sICAM-1 level (≥256 ng/mL) were associated with higher mortality at 30 days (odds ratio = 2.295;
95% confidence interval = 1.057 to 4.983; P = 0.036). In conclusions, serum sICAM-1 levels are increased in septic
patients and are associated with severity of disease. sICAM-1 could potentially serve as a prognostic biomarker in
severe septic patients.
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Introduction
Sepsis is a global health problem caused by
infection with high morbidity and mortality, and
is the most common cause of death in critically
ill patients of intensive care unit (ICU) [1].
Severe sepsis is characterized by systemic
inflammatory response syndrome (SIRS) [2],
and is often complicated with septic shock
(refractory hypotension) [3] and multiple organ
dysfunction syndrome (MODS) [4], thereby determining the outcome of severe sepsis. Both
pro-inflammatory and anti-inflammatory pathways are activated in severe sepsis [5], and
their imbalance can determine the probability
of septic shock and MODS [6]. Therefore, new
biomarkers are highly needed in the early
phase of sepsis to aid diagnosis and stratification of severe sepsis patients [7].
Intercellular adhesion molecule 1 (ICAM-1) is a
glycoprotein member of the immunoglobulin

superfamily, and acts as one adhesion molecule that stimulates leukocyte adhesion and
transmigration across the endothelium. ICAM-1
is constitutively expressed on endothelium and
its expression can be significantly up-regulated
by a variety of mediators, such as proinflammatory cytokines, cellular stresses, hormones
and virus infection [8]. Circulating soluble
ICAM-1 (sICAM-1) is cleaved and released from
membrane-bound ICAM-1, and measurement
of blood sICAM-1 levels can estimate ICAM-1
expression in the tissue [9]. Circulating sICAM-1
levels are increased in many diseases, such as
coronary heart disease, systemic lupus erythematosus, obstructive sleep apnea syndrome,
atherosclerosis, idiopathic pulmonary fibrosis,
colorectal and lung cancers [10-16].
Circulating sICAM-1 is up-regulated in neonatal
sepsis and associated with disease severity
and systemic inflammation [17, 18]. However,
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the relationship between circulating sICAM-1
and adult sepsis is complex and in whether
sICAM-1 concentration is associated with severity and mortality of severe sepsis is not well
established. Therefore, this study we investigated serum sICAM-1 concentrations in severe
sepsis patients at ICU admission. This study
aimed to determine the association between
serum sICAM-1 and clinical severity, mortality
and inflammatory response of severe sepsis.
We also explored whether serum sICAM-1 levels can serve as a prognostic biomarker for
severe sepsis patients.
Materials and methods
Subjects
A total of 182 consecutive patients (116 male,
66 female; median age 59.5 years, range
26-81 years) were included between July 2014
and December 2015 in the general Internal
Medicine intensive care unit (ICU) of Zhejiang
Taizhou Hospital. The sepsis was diagnosed
based on the criteria proposed by the American
College of Chest Physicians and the Society of
Critical Care Medicine Consensus Conference
Committee for sepsis [19]. Sepsis was defined
as documented or suspected infection induced
by a microorganism (positive blood cultures)
and at least two of the following parameters: ①
temperature >38°C or <36°C; ② heart rate
>90 beats/min; ③ respiratory rate >20
breaths/min or PaCO2 <32 mmHg; ④ white
blood cell (WBC) count >12,000 or <4,000
cells/mm3, or >10% immature forms. Severe
sepsis was defined as sepsis complicated with
organ dysfunction. Septic shock was defined
as severe sepsis complicated with refractory
arterial hypotension (SBP<90 mmHg, or MAP<
65 mmHg) and fluid replacement and vasopressors were needed. Patient clinical data
and laboratory parameters were collected, and
follow-up was performed in each patient for at
least 30 days by directly contacting the patients
or their relatives. A total of 60 gender and agematched healthy blood donors were collected
as control subjects. This study was approved
by the ethics committee of Zhejiang Taizhou
Hospital and was conducted in accordance
with the ethical standards of the Declaration
of Helsinki. Written informed consent was
obtained from the patients or their relatives.
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Determination of clinical data and laboratory
parameters
The following variables were recorded for each
severe septic patient: gender, age, body mass
index (BMI), site of infection, Acute Physiology
and Chronic Health Evaluation II (APACHE II)
score [20], Sepsis-related Organ Failure Assessment (SOFA) score [21], mechanical ventilation, ICU days, septic shock, serum creatinine,
white blood cell (WBC) count, diabetes mellitus,
chronic obstructive pulmonary disease (COPD),
C-reactive protein (CRP), interleukin 6 (IL-6) and
tumour necrosis factor-α (TNF-α). Survival at
30 days was used as the endpoint. Blood samples were collected from 182 patients with
severe sepsis at admission to the ICU before
therapeutic intervention and from 60 gender
and age-matched controls. All samples were
immediately placed on ice, followed by centrifugation at 1000 g for 10 min, and stored at
-80°C. Enzyme-linked immunosorbent assay
(ELISA) was performed to determine the level of
CRP, IL-6 and TNF-α.
Serum levels of sICAM-1
Venous blood samples were collected from
severe septic patients at admission to the ICU,
or from healthy controls, and underwent centrifugation within 30 min at 1000 g for 15 min.
The serum was separated and stored in aliquots at -70°C until measurement. The serum
sICAM-1 was measured by ELISA kit (R&D Systems, Minneapolis, MN; cat. no. DY720), according to the manufacturer’s protocol. An ELISA
plate reader (Ricso RK201, Shenzhen Ricso
Technology Co., Ltd, Shenzhen, Guangdong,
China) was used to measure absorbance at
OD450 wavelength. The serum concentrations
sICAM-1 were determined by the standard
curves constructed from recombinant human
sICAM-1 (Range: 0~1000 ng/mL).
Statistical analysis
The statistical analysis was performed with
SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are displayed as medians and
interquartile ranges. Categorical variables are
displayed as frequencies and percentages.
Differences between two groups were determined by Wilcoxon-Mann-Whitney test in comparing continuous variables, or by Chi-squared
test or a Fisher’s exact test in comparing cate-
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Table 1. Characteristics of the study population
Parameter
Male sex*
Age (years)†
BMI†
Site of infection*
Pulmonary
Abdominal
Other
APACHE II score†
SOFA score†
Mechanical ventilation*
ICU days†
Septic shock*
Creatinine (μmol/L)†
WBC (103/μL)†
Diabetes mellitus*
COPD*
CRP (mg/dL)†
IL-6 (pg/mL)†
TNF-α (pg/mL)†

Sepsis patients n = 182
116 (63.7%)
59.5 (51 to 67)
22.9 (21.2 to 24.5)

Survivors n = 115
72 (62.6%)
57 (49 to 66)
22.9 (20.8 to 24.5)

Nonsurvivors n = 67
44 (65.7%)
62 (54 to 71)
23.2 (21.3 to 24.7)

113 (62.1%)
44 (24.2%)
25 (13.7%)
22 (19 to 24)
12 (10 to 13)
104 (57.1%)
7 (5 to 10)
103 (56.6%)
111 (82 to 137)
15 (13 to 17)
52 (28.6%)
33 (18.1%)
196 (173 to 225)
412 (355 to 483)
41 (36 to 47)

71 (61.7%)
31 (27.0%)
13 (11.3%)
21 (18 to 23)
11 (10 to 13)
59 (51.3%)
7 (5 to 9)
55 (47.8%)
106 (77 to 133)
14 (13 to 16)
26 (22.6%)
22 (19.1%)
189 (167 to 223)
395 (333 to 462)
39 (35 to 45)

42 (62.7%)
13 (19.4%)
12 (17.9%)
23 (21 to 25)
13 (11 to 14)
45 (67.2%)
7 (5 to 10)
48 (71.6%)
121 (95 to 152)
15 (13 to 17)
26 (38.8%)
11 (16.4%)
205 (183 to 231)
445 (383 to 542)
44 (38 to 49)

P value
0.678
0.023
0.646
0.309

<0.001
<0.001
0.037
0.235
0.002
0.005
0.258
0.020
0.647
0.016
<0.001
0.002

*Categorical Variable are expressed as frequency (%) and analyzed by Chi-squared test; †Continuous variable are expressed
as median (25th to 75th percentiles) and analyzed by Mann-Whitney U test. BMI, body mass index; APACHE, Acute Physiology
and Chronic Health Evaluation; SOFA, Sepsis-related Organ Failure Assessment; ICU, intensive care unit; WBC, white blood
cell count; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein, IL-6, Interleukin 6; TNF-α, Tumour necrosis
factor-α.

Table 2. Comparison between healthy controls and sepsis patients
Parameter
Controls n = 60
Sepsis patients n = 182
Male sex
38 (63.3%)
116 (63.7%)
Age (years)
62 (52 to 65)
59.5 (51 to 67)
BMI
22.6 (21.2 to 24.5)
22.9 (21.2 to 24.5)
sICAM-1 (ng/mL) 116 (102 to 129)
234 (208 to 268)

Survivors n = 103
72 (62.6%)
57 (49 to 66)
22.9 (20.8 to 24.5)
224 (193 to 249)

Nonsurvivors n = 79
44 (65.7%)
62 (54 to 71)
23.2 (21.3 to 24.7)
259 (226 to 294)

BMI, body mass index; sICAM-1, soluble intercellular adhesion molecule-1.

gorical variables. Correlations between sICAM1 and other variables were analysed using the
Spearman’s rank correlation tests. Receiver
operating characteristic (ROC) analysis was
performed to determine the goodness-of-fit of
serum sICAM-1 levels to predict 30-day mortality, and determin 256 ng/mL as the cut-off
point for high and low levels of serum sICAM-1.
Multivariate logistic regression analysis was
applied to determine the independent contribution of age, APACHE II score, mechanical ventilation, septic shock, serum IL-6, serum sICAM1 (≥256 ng/mL) to the prediction of the mortality during the 30-day period. The prognostic
impact of these variables was expressed as
odds ratio and its 95% confidence intervals (CI).
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Kaplan-Meier curves and log-rank test calculations were used to analyze the impact of serum
sICAM-1 level on survival of severe septic
patients. A probability value of P<0.05 was considered as statistically significant difference.
Results
Serum sICAM-1 concentrations are elevated in
severe septic patients and higher in nonsurvivors than in survivors
Baseline characteristics of 182 patients with
severe sepsis at the time of ICU admission are
shown in Table 1. Among all 182 patients, there
are 115 cases of survivors and 67 cases of
nonsurvivors. As expected, nonsurvivors had
Int J Clin Exp Med 2016;9(11):21368-21377
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Figure 1. Serum sICAM-1 concentrations in severe septic patients. A: Serum sICAM-1 levels are significantly higher
in severe septic patients (n = 182) as compared with healthy controls (n = 60) (P<0.001). B: Serum sICAM-1 levels
are significantly higher in nonsurvivors (n = 67) as compared with nonsurvivors (n = 115) patients. Box plots are
displayed, where the bold black line indicates the median per group, the box represents 50% of the values, and horizontal lines show minimum and maximum values of the calculated non-outlier values; open circles indicate outlier
values. Wilcoxon-Mann-Whitney test was performed. *P<0.05, **P<0.01, ***P<0.001.

Table 3. Serum levels of sICAM-1 according to clinical variables
Yes patient
number and
sICAM-1 levels
Mechanical ventilation
(n = 104)
234 (207 to 274)
Septic shock
(n =103)
237 (213 to 274)
Diabetes mellitus
(n = 52)
247 (221 to 286)
COPD
(n = 33)
247 (223 to 284)
Clinical variables

Non patient
number and
sICAM-1 levels
(n = 78)
236 (210 to 261)
(n = 79)
226 (194 to 258)
(n = 130)
228 (198 to 261)
(n = 149)
231 (203 to 262)

P
value
0.914
0.029
0.013
0.026

sICAM-1, soluble intercellular adhesion molecule-1; COPD, chronic obstructive
pulmonary disease.

sICAM-1 is associated with septic shock, diabetes mellitus and
COPD

Table 4. Correlations with serum sICAM-1 levels
Sepsis patients
(n = 182)
r
P
APACHE II
0.321 <0.001
SOFA
0.345 <0.001
ICU days
-0.080 0.284
Creatinine (μmol/L) 0.435 <0.001
WBC (103/μL)
0.060 0.419
CRP (mg/dL)
0.224 <0.001
IL-6 (pg/mL)
0.447 <0.001
TNF-α (pg/mL)
0.392 <0.001

Survivors
(n = 115)
R
P
0.198 0.034
0.217 0.020
-0.108 0.251
0.459 <0.001
-0.010 0.916
0.246 0.008
0.301 0.001
0.325 <0.001

Nonsurvivors
(n = 67)
r
P
0.277 0.023
0.318 0.009
0.082 0.511
0.327 0.007
0.111 0.373
0.412 0.001
0.434 <0.001
0.348 0.004

r = correlation coefficient; r and P values by Spearman’s rank correlation.
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older age, greater APACHE II and
SOFA scores, higher rates of mechanical ventilation, septic shock,
diabetes mellitus, higher serum
creatinine, CRP, IL-6 and TNF-α
levels (All P<0.05). Higher serum
sICAM-1 levels were observed in
the severe septic patients (median 234 ng/mL) compared with
healthy controls (median 116 ng/
mL) (P<0.001), and in nonsurvivors (median 259 ng/mL) compared with survivors (median 224
ng/mL) (P<0.001) after the 30-day
follow-up (Table 2; Figure 1).

To evaluate the associations of
sICAM-1 with mechanical ventilation, septic shock, diabetes mellitus and COPD, we examined and
compared serum sICAM-1 levels
in subgroups of patients. Serum
sICAM-1 levels were significant
higher in patients with septic
shock (P = 0.029), diabetes mellitus (P = 0.013) and COPD (P =
0.026) compared with their counterparts (Table 3). No significant
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Figure 2. Correlation of serum sICAM-1 to biomarkers of inflammation in severe septic patients. Serum sICAM-1 is strongly correlated
with (A) CRP (r = 0.224, P<0.001), (B) IL-6 (r
= 0.447, P<0.001), and (C) TNF-α (r = 0.392,
P<0.001). Spearman’s rank correlation test
was performed.

sICAM-1 correlates with inflammatory mediators and
renal function
In all severe septic patients,
sICAM-1 was found to correlate with markers of renal
function, and inflammation.
Serum sICAM-1 correlated
positively to creatinine (r =
0.435, P<0.001), CRP (r =
0.224, P<0.001), IL-6 (r =
0.447, P<0.001) and TNF-α (r
= 0.392, P<0.001) (Table 4;
Figure 2). Similar results were
also found in the subgroups of
survivors and nonsurvivors.
Figure 3. Receiver operating characteristic (ROC) analysis using sICAM-1 levels ≥256 ng/mL as 30-days mortality predictors.

association was observed between mechanical
ventilation and serum sICAM-1.
21372

sICAM-1 may be a prognostic
factor for survival in severe
septic patients

To determine the goodness-of-fit for serum
sICAM-1, receiver operating characteristic (ROC)
Int J Clin Exp Med 2016;9(11):21368-21377
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Table 5. Multiple logistic regression analysis of
variables to predict 30-day mortality
Variable

Odds
Ratio

APACHE II
Mechanical ventilation
IL-6 (pg/mL)
sICAM-1 (≥256 ng/mL)

1.166
2.212
1.004
2.295

95%
Confidence
Interval
1.043 to 1.303
1.097 to 4.459
1.001 to 1.008
1.057 to 4.983

P
value
0.007
0.026
0.023
0.036

analysis was performed to predict 30-day mortality. The area under the curve (AUC) of sICAM1 was 0.737 (95% CI = 0.664-0.810; P<0.001)
(Figure 3). Diagnostic cut-off point for serum
sICAM-1 level was 256 ng/mL (sensitivity =
53.7%, specificity = 79.1%).
To evaluate whether serum sICAM-1 is an independent prognostic factor of severe septic
patients, we performed multivariate logistic
regression analysis and showed that APACHE
II score, mechanical ventilation, IL-6 (pg/mL)
and serum sICAM-1 levels ≥256 ng/mL were
significantly associated with death at Day 30
(Table 5). To evaluate the association between
sICAM-1 and disease severity, we performed
Spearman’s rank correlation tests and found
that in patients of severe sepsis, serum sICAM1 was correlated with the APACHE II score (r =
0.321, P<0.001) and SOFA score (r = 0.345,
P<0.001) on admission (Figure 4A, 4B). To further investigate the effect of serum sICAM-1 on
moatality of sepsis patients, we performed
Kaplan-Meier survival analysis. We selected
serum sICAM-1 256 ng/mL as a cutoff point,
and patients with sICAM-1 ≥256 ng/mL demonstrated significantly poor survival and higher
mortality compared to patients with sICAM-1
level <256 ng/mL (Log Rank = 19.569, P<
0.001, Figure 4C).
Discussion
This study investigated the role of sICAM-1 as a
serum biomarker protein in severe sepsis.
Compared with healthy controls, severe septic
patients showed elevated sICAM-1 levels.
Serum sICAM-1 Levels were also higher in nonsurvivors compared with survivors, and higher
in the presence of septic shock, diabetes mellitus and COPD. The levels of sICAM-1 were
closely correlated with clinical severity and
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inflammatory mediators. Serum sICAM-1 levels
≥256 ng/mL were associated with higher mortality at 30 days by the multiple logistic re-gression analysis. Increased sICAM-1 was previously reported in neonatal and adult septic patients
[17, 18]; however, our study firstly reported the
association between serum sICAM-1 and mortality of severe septic patients.
It was previously reported that sICAM-1 levels
are elevated in diseases other than sepsis [1016]. The role of sICAM-1 in sepsis remains
unclear; but it may share common mechanisms with other diseases whose sICAM-1 levels
are elevated. ICAM-1 is constitutively expressed
on the surface of endothelial cells and expression level increased in response to tissue damage, inflammation, cellular stresses, virus infection, and environmental factors [8, 22-24].
ICAM-1 participates in the adhesion and transmigration of leukocyte into the subendothelial
space [25, 26]. Elevated serum sICAM-1 was
found in neonatal infections, SIRS, sepsisinduced multiple organ failure and injured trauma-induced organ failure [27-30]. The serum
sICAM-1 is released from endothelial cell surface and acts as a good indicator of tissue
ICAM-1 concentrations, which was supported
by the significant positive correlation between
supernatant sICAM-1 and surface-bound ICAM1 in cultured human umbilical vein endothelial
cells (HUVEC) [31]. sICAM-1 is a biomarker of
endothelial activation and its high level can predict higher risk of development of sepsis [32,
33]. In severe sepsis, infection induces microvascular endothelial activation and permeability, thereby leading to multiple organ injury [34].
Endothelial activation and dysfunction facilitate the development of multiple organ failure
and death in severe sepsis [35, 36].
For the subgroups analysis of sepsis patients,
we found serum sICAM-1 was increased in the
presence of septic shock, diabetes mellitus
and COPD compared with their counterparts.
Our results are in accordance with previous
report that increased serum sICAM-1 was present in septic shock than in sepsis patients without hypotension or hypoperfusion [37]. Septic
shock is characterized by hypotension and disseminated intravascular coagulation (DIC),
thereby contributing to multiple organ failure
and a high mortality rate [38]. The endothelial
barrier function is almost impaired in septic
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Figure 4. Association of serum sICAM-1 with disease severity and survival in severe septic patients. Serum sICAM-1 is strongly correlated with (A) APACHE II score (r =
0.403, P<0.001, Spearman rank correlation test) and (B)
SOFA score (r = 0.298, P<0.001, Spearman rank correlation test) as markers of disease severity in septic patients
(n = 182). (C) Kaplan-Meier survival curves of severe septic patients are displayed, and patients with high serum
sICAM-1 levels (≥256 ng/mL, black) have an unfavorable
prognosis in overall survival as compared with patients
with low serum sICAM-1 (<256 ng/mL, grey).

shock, and it is an important contributor to
adverse outcomes [39]. Diabetes mellitus is a
risk factor of sepsis, and sepsis-induced inflammation is exacerbated in Type 2 diabetic rats,
and diabetes mellitus increased plasma proinflammatory cytokines levels and organs injury
of septic rats [40, 41]. So our results showed
that nonsurvivors had significantly higher rate
of diabetes mellitus compared with survivors.
Furthermore, compared with healthy subjects,
diabetes patients have increased circulating
sICAM-1 levels, which are caused by genetic
polymorphisms or activation of leptin synthesis
[42, 43]. In pulmonary tissues of COPD patients
and rats, ICAM-1 gene expressions was increased [44, 45], thereby making elevated serum
sICAM-1 as a biomarker of COPD [46]. Therefore, the increased serum sICAM-1 of sepsis
patients with COPD might come from pulmonary tissues as well as endothelium.
We reported positive correlation between
serum sICAM-1 and inflammatory mediators,
such as CRP, IL-6 and TNF-α. There are serum
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biomarker of sepsis and associated with SIRS
and multiple organ failure [47-49]. Furthermore, these pro-inflammatory cytokines could
determine ICAM-1 expression and concentration [50, 51]. Currently, rapid early diagnostic
and therapeutic management is a major challenge for ICU sepsis patients, and it is important for the prognosis of sepsis [52]. Therefore,
searching for novel biomarkers may significantly improve the early intervention and prognosis
of sepsis patients [53]. Our results showed that
serum sICAM-1 of severe sepsis patients was
correlated with the disease severity, namely
APACHE II score and SOFA score on admission.
Patients with sICAM-1 ≥256 ng/mL showed
significantly higher mortality rate at 30 day
compared to patients with sICAM-1 level <256
ng/mL. Furthermore, multivariate logistic regression analysis showed that serum sICAM-1
is an independent prognostic factor of severe
sepsis, and this indicates more unknown mechanisms, other than inflammatory response and
endothelial activation, might be involved in
develop and progression of severe sepsis.
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In conclusion, this study demonstrates the
potential role of sICAM-1 as a biomarker in sepsis patients and its correlation to inflammatory
response and organ damage. sICAM-1 serum
levels are elevated in sepsis patients compared
to healthy controls, and in nonsurvivors compared to survivors at ICU admission. Future
studies with larger sample size and more
detailed mechanisms are required to make
sICAM-1 serve as a novel prognostic biomarker
of ICU severe sepsis patients.
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