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Abstract

Introduction: Endothelium-derived molecules may be predictive to organ injury. Heat shock protein (HSP) A12B is mainly
located in endothelial cells, which can be detected in the plasma of septic patients. Whether it is correlated with prognosis
of sepsis remains unclear.

Methods: Extracellular HSPA12B (eHSPA12B) was determined in plasma of septic mice at 6h, 12h, 24h and 48h after cecal
ligation and puncture (CLP). It was also detected in plasma of patients with severe sepsis, sepsis, systemic inflammatory
response syndrome and healthy volunteers. The predictive value for prognosis of severe sepsis was assessed by receiver
operating curve (ROC) and Cox regression analyses.

Results: eHSPA12B was elevated in plasma of CLP mice at 6h and peaked at 24h after surgery. A total of 118 subjects were
included in the clinical section, including 66 patients with severe sepsis, 21 patients with sepsis, 16 patients with SIRS and 15
volunteers. Plasma eHSPA12B was significantly higher in patients with severe sepsis than in patients with sepsis, SIRS and
volunteers. The level of eHSPA12B was also higher in non-survivals than survivals with severe sepsis. The area under the
curve (AUC) of eHSPA12B in predicting death among patients with severe sepsis was 0.782 (0.654–0.909) in ROC analysis,
much higher than that of IL-6 and IL-10. Cox regression analysis showed that cardiovascular diseases, IL-6 and eHSPA12B
were risk factors for mortality in patients with severe sepsis. Survival curve demonstrated a strikingly significant difference
between 28-day survival rates of patients with an eHSPA12B lower or not lower than 1.466ng/ml.

Conclusions: Plasma eHSPA12B is elevated in both septic mice and patients. It may be a good predictor for poor outcome in
patients with severe sepsis.
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Introduction

Sepsis has been well recognized as a systemic inflammatory

response to an active infection process, which is still a common

cause of mortality in intensive care units (ICU). Severe sepsis, a

worse form of sepsis, is characterized by sepsis-induced organ

failure. A well-designed survey in America reported that incidence

of sepsis was 1.3% of all hospitalizations and the mortality was

17.9% in 2000 [1]. Mortality in patients with severe sepsis was

reported to be over 40% in the epidemiological studies from

different countries over the world, much higher than in septic

patients without organ dysfunction [2–6]. Early identification of

septic patients with poor outcome is generally considered as a

critical barrier to deliver optimal management including moni-

toring, fluid resuscitation and antibiotic treatment [7]. Surviving

sepsis campaign guidelines suggested that early administration of

antibiotics should be administrated within the first hour of

recognition of severe sepsis and septic shock [8]. Early, monitored

management was reported to reduce 30-day mortality by 26% in

patients with severe sepsis according to a prospective before and

after study [9].

Several biomarkers have been developed for early identification

of high-risk patients with severe sepsis, including numerous

chemokines, cytokines and procalcitonin (PCT) [10–11]. Recently,

biomarkers for endothelial injury, such as von Willebrand factor

(vWF), soluble intercellular adhesion molecule-1 (sICAM-1),

endothelial protein C and angiopoietins, are becoming promising

biomarkers for severe sepsis [12–14], because endothelial

dysfunction is widespread in company with organ dysfunction

[15]. Guitton et al. [16] found that transient increase of

endothelial protein C was associated with poor outcome in severe

sepsis. Ricciuto et al. [14] reported that angiopoietin-1 and

angiopoietin-2 were correlated with increased mortality and the
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latter was associated with organ dysfunction, which suggested that

they might serve as informative biomarkers for severe sepsis.

Heat shock protein (HSP) A12B, the newest member of HSP-70

family, is mainly located in endothelial cells [17]. Its presence is

essential for angiogenesis and endothelial functions in different

species [18]. Overexpression of HSPA12B has been demonstrated

to be benefit for endotoxin-induced cardiac dysfunction and

cerebral ischemia reperfusion injury in mice [19,20]. HSP was

reported to be present in plasma and serum to trigger innate

immunity and serve as biomarker for diseases. For example,

HSP70 was reported to be up-regulated in plasma of patients with

chronic myeloid leukemia and sarcopenia and might be a potential

biomarker for these diseases [21,22]. It was unknown whether

HSPA12B existed in the plasma of patients with endothelial injury.

The correlation of extracellular HSPA12B (eHSPA12B) with

organ dysfunction was unclear, but it might be a promising

biomarker for endothelial injury because of its initial location,

primarily in endothelial cells. Therefore, this present study was

performed to detect eHSPA12B level in plasma of septic mice and

patients with sepsis and severe sepsis. Its correlation with the

outcome was also evaluated to determine the potential role in

predicting prognosis.

Patients, Materials and Methods

Cecal ligation and puncture model
The animal study was approved by the Animal Care and Use

Committee of Changhai Hospital (Shanghai, China). The Cecal

ligation and puncture (CLP) procedure was carried out as

previously described [23] to detect the presence of eHSPA12B

in the plasma as well as the dynamic changes of plasma

eHSPA12B at 6h, 12h, 24h and 48h. Six- to eight-week

C57BL/6J mice (n = 24) were included in the experiments. After

anaesthetized by inhalation with 3% sevoflurane (Baxter, USA),

the cecum was exposed through a 1.5 cm longitudinal incision in

lower quadrants of the abdomen. The distal three-fourth of the

cecum was ligated with a 4–0 silk suture and punctured for twice

with a 22-gauge needle. The cecum was then replaced into

peritoneal cavity and the incision was closed by suturing in 2

layers. Sham-operated mice underwent the same procedure, but

without ligation and needle perforation on the cecum. After

surgery, the mice were injected subcutaneously with 1 ml of sterile

saline and allowed for free access to food and water after awaking.

For dynamic analysis of eHSPA12B level in plasma, blood sample

was collected by heart puncture at 6h (n = 6), 12h (n = 6), 24h

(n = 6) and 48h (n = 6) after surgery, respectively. For the

correlation analysis of eHSPA12B with disease severity, plasma

eHSPA12B level was compared among the sham-operated mice,

mice punctured one and twice in the cecum. The relationship

between eHSPA12B and IL-6 was also analyzed to further

evaluate the correlation of eHSPA12B with disease severity.

Design of the clinical trial
A prospective case-control study was performed in this part,

recruiting patients with severe sepsis, simple sepsis without organ

dysfunction and systemic inflammatory response syndrome (SIRS),

as well as healthy volunteers. The study protocol was reviewed and

approved by the ethical committee of the Second Military Medical

University. Written informed consent was obtained from all

subjects or their lineal relations. The trial was registered in

Clinicaltrial.gov with an ID of NCT01847248.

Patients
Adult patients were recruited consecutively from May 2011 to

October 2013 in Intensive Care Unit of Changhai Hospital. The

diagnosis of sepsis and severe sepsis was based on 2001 SCCM/

ESICM/ACCP/ATS/SIS International Sepsis Definitions Con-

ference [24]. Generally, sepsis was diagnosed by an identifiable or

suspected infection site and evidence of SIRS manifested by at

least two of the following criteria: 1) body temperature .38uC or

,36uC; 2) heart rate .90 beats/min; 3) respiratory rate .20

breaths/min; 4) a white blood cell count .12,000/mm3 or ,

4,000/mm3. Severe sepsis was diagnosed when septic patient

suffered from at least one organ dysfunction within 24h hours after

inclusion. In this study, patients with sepsis but not severe sepsis

were defined as sepsis group. A total of 16 patients undergoing

major orthopedics surgery were included in a SIRS group, and 15

healthy volunteers were included in a control group. The exclusion

criteria included: 1) patients younger than 18 years old; 2) patients

without informed consent; 3) patients undergoing continuous renal

replacement therapy before sampling; 4) patients receiving

immunosuppressive or steroid therapy; 5) patients with special

infection induced by virus, tubercle bacillus, mycoplasma,

Chlamydia, and so on. blood samples were collected by venous

puncture and stored in BD Vacutainer tubes with lithium heparin

(BD, NJ, US). Blood samples from patients with sepsis, severe

sepsis and SIRS were collected within 24h after onset of sepsis or

SIRS. In order to observe the dynamic changes of plasma

eHSPA12B, blood samples were collected at 1d, 3d and 5d after

Figure 1. Expression level of eHSPA12B in the plasma of septic mice. A. Plasma levels of eHSPA12B in septic mice. eHSPA12B was elevated at
6 h and peaked at 24 after CLP surgery (n = 6 for each time points of the 2 groups). * p,0.001, compared with sham group; { p,0.001, compared
with the level at 6h. Data analyses with Student’s t-test. B. Plasma level of eHSPA12B in mice with sepsis of different severity. CLP-1, mice with once
puncture in the cecum; CLP-2, mice with twice punctures in the cecum. * p,0.001, compared with sham group; { p,0.001, compared with CLP-1
group. Data analyses with ANOVA test. C. Relationship between the levels of eHSPA12B and IL-6 (p,0.001). Data analyses with Pearson’s correlation
analysis.
doi:10.1371/journal.pone.0101215.g001
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onset of sepsis. All the samples were frozen at 280uC after

centrifugation.

Data collections
The general data included demographic characteristics, primary

diagnosis, co-morbidities, infection sites and the pathogen type of

causative micro-organisms. Co-morbidities included pre-existing

diabetes mellitus and cardiovascular diseases (hypertension and

coronary heart disease). Outcome included 28-day mortality,

duration of ventilation, length of stay (LOS) in ICU, and severity

scores such as the Acute Physiology and Chronic Health

Evaluation (APACHE) II score, the Sequential Organ Failure

Assessment (SOFA) score, and Marshall’s Multiple Organ

Dysfunction Syndrome (MODS) score.

Sampling and enzyme linked immunosorbent assay
Levels of plasma eHSPA12B were determined by enzyme-

linked immunosorbent assay (ELISA), as well as interleukin-10 (IL-

10) and interleukin-6 (IL-6) as control. But IL-6 and IL-10 were

just detected in patients with sepsis or severe sepsis. All of the three

proteins were determined using a commercial solid-phase ELISA

kit according to the manufacturer’s instructions (CUSBIO,

Wuhan, China). The detection limit of HSPA12B, interleukin-10

(IL-10) and interleukin-6 (IL-6) was 0.312 ng/ml, 12.5 pg/ml, and

7.8 pg/ml, respectively. All ELISA assays were performed by an

investigator who was blinded to the groups.

Statistical analysis
Continuous variables are presented as mean6SD or median

(with interquartile range) (IQR), and categorical variables as

numbers and percentages. Two-group was compared with

unpaired Student’s t-test or Mann-Whitney U test for continuous

variables and chi-square test for categorical variables. For multi-

group comparison, Kruscal-Wallis test was used with Bonferroni

post hoc evaluation. Correlations between two continuous

variables were assessed by the Pearson’s correlation analysis.

Receiver operating characteristic (ROC) curves were utilized to

evaluate the accuracy of eHSPA12B, IL-6 and IL-10 to diagnose

sepsis, severe sepsis or prognosis. Survival rate was compared using

Kaplan-Meier tests, and determinants correlated with prognosis

were analyzed by Cox regression analysis. All statistical analysis

Table 1. General data of subjects.

Variables Sepsis (n = 21) severe sepsis (n = 66) SIRS (n = 16) Volunteers (n = 15) p

Age(Mean 6 SD) 58.2616.4 63.7614.9 51.1611.6 44.3617.4 ,0.001

Male/Female 12/9 48/18 8/8 8/7 0.193

Co-morbidity [No. (%)]

cardiovascular disease 13 (61.9) 27 (40.9) 4 (25) – 0.071

diabetes mellitus 9 (42.9) 22 (33.3) 1 (6.25) – 0.047

Primary diagnosis [No. (%)] 0.028

major abdominal surgery 5 (23.8) 36 (54.5) – –

intestinal obstruction 3 (14.3) 8 (12.1) – –

intestinal perforation 5 (23.8) 10 (15.2) – –

lithangiuria 7 (33.3) 2 (3.0) – –

others 1 (4.8) 10 (15.2) – –

Infection site [No. (%)] 0.493

abdomen 14 (66.7) 50 (75.8) – –

respiratory 0 (0) 5 (7.6) – –

urine 6 (28.6) 2 (3.0) – –

blood 1 (4.7) 7 (10.6) – –

mixed 0 (0) 2 (3.0) – –

Pathogen type [No. (%)] 0.533

Gram-negative 10 (47.6) 21 (31.8) – –

Gram-positive 4 (19) 5 (7.6) – –

Fungus 1 (4.8) 0 (0) – –

Mixed 3 (14.3) 25 (37.9) – –

APACHE II score [median (IQR)] 8.0 (6.0, 11.5) 18.5 (14.8, 23.0) – – ,0.001

SOFA score [median (IQR)] 1.0 (0, 2.0) 7.0 (4.0, 11.0) – – ,0.001

MODS score [median (IQR)] 0 (0, 1.5) 5.5 (3.0, 7.0) – – ,0.001

Duration of MV [median (IQR)] 2.0 (1.0, 2.5) 5.0 (2.0, 12.0) 1 (1, 2) – ,0.001

ICU stay [median (IQR)] 2.0 (1.0, 5.0) 9.5 (3.0, 18.0) 2 (2, 3) – ,0.001

28-day mortality No.(%) 0 (0) 26 (39.4) – – ,0.001

SD standard deviation, IQR inter-quartile range, APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, MODS Multiple
Organ Dysfunction Syndrome, MV mechanical ventilation, ICU intensive care unit.
doi:10.1371/journal.pone.0101215.t001
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was performed in SPSS 16.0 software (SPSS Inc., IL, USA). p,

0.05 was regarded as statistically significant.

Results

Plasma eHSPA12B in CLP mice
As shown in Figure 1A, levels of plasma eHSPA12B in CLP

mice was significantly higher at all time points from 6h to 48h after

CLP surgery than in Sham-operated mice (p,0.05). With the

progression of sepsis, plasma eHSPA12B was elevated and peaked

at 24h, followed by decreasing to a level at 48h similarly to that at

6h. As shown in Figure 1B, plasma eHSPA12B was elevated with

the increasing severity. Mice with twice punctures in the cecum

had the highest level of plasma eHSPA12B. The plasma

eHSPA12B was also linearly correlated with the IL-6 level, which

was a marker of sepsis severity [25] (Figure 1C).

Patient characteristics
In order to further clarify the clinical significance of circulating

eHSPA12B in septic patients, a total of 118 patients were recruited

in the case-control study, including 66 patients with severe sepsis,

21 patients with sepsis, 16 patients with simple SIRS and 15

volunteers. The general data of these patients was shown in

Table 1. Septic patients were significantly older than SIRS

patients and volunteers (p,0.001), while the ages were similar

between patients with severe sepsis and simple sepsis, as well as

between SIRS patients and volunteers. Gender were comparable

among the 4 groups, while patients in sepsis group tended to have

more co-morbidity of diabetes mellitus than in severe sepsis and

SIRS groups (p = 0.047). There were more patients underwent

major abdominal surgery and less patients with lithangiuria in

severe sepsis group (p = 0.028). There were no significant

differences regarding Infection sites and pathogen types (p.

0.05). Severity scoring was significantly higher in patients with

severe sepsis, among whom duration of ventilation and LOS in

ICU were also longer (p,0.001). No patient was dead in sepsis

group, while 26 patients died in severe sepsis group (p,0.001).

Level of eHSPA12B, IL-6 and IL-10 in plasma
The level of plasma eHSPA12B was significantly higher in

patients with severe sepsis or septic shock than other three groups

(p,0.001) (Figure 2). The level of eHSPA12B in patients with

sepsis was slightly higher than SIRS patients and healthy

volunteers without significant difference (p = 0.294 and

p = 0.391). No differences were observed between SIRS patients

and healthy volunteers (p = 0.446). IL-10 level was significantly

higher in severe sepsis group than in sepsis group (p = 0.009), while

no significant difference was found when comparing IL-6 level

between these 2 groups (p = 0.115) (Figure 3).

Predictive value of eHSPA12B, IL-6 and IL-10 for
prognosis in patients with severe sepsis

The relationship between eHSPA12B and prognosis of severe

sepsis was analyzed in comparison with IL-6 and IL-10. Patients

were divided into survivals and non-survivals according to the 28-

day mortality, and the demographic characteristics were com-

pared between survival and non-survivals in Table 2. Incidence of

pre-existing cardiovascular disease was higher in non-survivors

than in survivors (p = 0.001). Non-survivors had higher APACHE

II score and plasma levels of IL-6, IL-10 as well as eHSPA12B (p,

0.05) (Table 2).

Next, ROC analysis was performed to compare their predictive

value for death in severe sepsis (Figure 4). The AUC results

showed the areas of eHSPA12B [0.782 (0.654–0.909)] was much

higher than of APACHE II score [0.678, (0.549, 0.807)], IL-6

[0.654 (0.518–0.789)] and IL-10 [0.650 (0.513–0.787)]. The

optimal cut-off value of eHSPA12B was demonstrated to be

1.466/ml, with a sensitivity of 0.769 and a specificity of 0.825.

Finally, variables in Table 2 with a p value lower than 0.1 were

included in a Cox regression analysis model to identify the risk

factors for prognosis of severe sepsis. Cox regression analysis

showed that cardiovascular disease, IL-6 and eHSPA12B level

were correlated with prognosis of patients with severe sepsis

(Table 3). A further survival curve was generated to compare

survival of patients with an eHSPA12B level lower or not lower

than 1.466 ng/ml. The 28-day survival rates were strikingly lower

in patients with an eHSPA12B level higher than 1.466 ng/ml (p,

0.001) (Figure 5).

Dynamic changes of eHSPA12B in patients with severe
sepsis

Dynamic changes of eHSPA12B was analyzed in 14 patients

with severe sepsis at 1d, 3d and 5d after onset of sepsis. The 14

patients included 10 males and 4 females. None of them died

within 7 days. The diagnosis included intestinal obstruction in 6

patients, intestinal perforation in 5 patients, and pneumonia in 2

patients. The APACHE II score was 11 (8, 19.75). As shown in

Figure 6A, the dynamic changes of eHSPA12B varied greatly

among different patients. Since IL-6 was higher in non-survivors,

we further analyzed the relationship between IL-6 and eHSPA12B

across the 3 days. As a result, eHSPA12B was linearly correlated

with IL-6 (p,0.001) (Figure 6C).

Discussions

The present study, for the first time, reported that eHSPA12B is

specifically high expressed in plasma of septic mice and patients

with severe sepsis. eHSPA12B level was higher in septic mice with

higher severity. Its level was correlated with poor outcome in

patients with severe sepsis, with high specificity and sensitivity to

predict mortality. Patients with an eHSPA12B higher than 1.466/

ml are at high risk of death.

Figure 2. Plasma levels of eHSPA12B in patients. Subjects
included patients with severe sepsis (n = 66), sepsis (n = 21), SIRS (n = 16)
and healthy volunteers (n = 15). eHSPA12B was significantly higher in
patients with severe sepsis than those in other 3 groups. * p,0.001,
compared with the other 3 groups. Data analyses with Mann-Whitney U
test.
doi:10.1371/journal.pone.0101215.g002
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Severe sepsis is life threatening with mortality higher than 40%

as reported in several epidemiological studies from different

continents from almost all over the world [2–6,26]. Therapeutic

bundles proposed by the Surviving Sepsis Campaign (SSC) are

helpful to improve survival among patients with severe sepsis, and

the mortality was reported to be reduced by 13% and 4.3% as

reported by Lefrant et al. [27] and Suarez et al. [28] respectively.

However, the SSC protocols were not well complied by in Europe

and US, with a complete compliance ratio of just 18.4% and

21.6% [29]. According to the guidelines, early initiation of SSC

protocols is crucial for surviving patients with severe sepsis or

septic shock, especially within the first 6 hours [30]. Therefore,

early recognition of high-risk patients with severe sepsis is

extremely important for improving the therapeutic status of this

fatal syndrome.

Figure 3. Plasma level of IL-6 and IL-10 in patients with severe sepsis and sepsis. Patients with severe sepsis had slightly higher plasma IL-
10 level but similar IL-6 level when compared with those with sepsis. * p = 0.009, compared with sepsis group. Data analyses with Mann-Whitney U
test.
doi:10.1371/journal.pone.0101215.g003
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Fast-detected biomarkers have been focus by many investigators

in the past decades and a wide variety of molecules or techniques

are developed in purpose of diagnosing and predicting prognosis

for sepsis or severe sepsis [10–11,31]. C-reactive protein (CRP),

tumor necrosis factor-a (TNF-a) and interleukins are among the

first-discovered potential biomarkers for sepsis, among which IL-6

and IL-10 may be good choices as biomarkers while CRP and

TNF-a are nonspecific biomarkers for inflammation [32,33]. IL-6

and IL-10 has also been demonstrated to be associated with

prognosis of severe sepsis [34,35]. It was interesting to notice that

IL-10 was higher in patients with severe sepsis, while IL-6 was

similar between patients with severe sepsis and simple sepsis. But

in the Cox regression, IL-10 was excluded while IL-6 was

demonstrated to be correlated to the prognosis of patients with

severe sepsis. Compared with IL-6, eHSPA12B was more suitable

as a prognostic factor because of a much higher AUC in the ROC

analysis. The surviving analysis further confirmed that mortality

rate was much higher in patients with an eHSPA12B higher than

1.466/ml.

HSPA12B could be regarded as an endothelium-derived

molecule [18], which might be a rational biomarker for organ

dysfunction. Alteration of endothelial function is a central process

of the pathogenesis of severe sepsis [15]. Firstly, activated

endothelial cells by endotoxin or inflammatory mediators expose

cell surface phospholipids and induce binding with coagulation

complexes, which resulted in microcirculation dysfunction, tissue

hypoxia and damage. Secondly, adhesion molecules are upregu-

lated on endothelial cells in response to inflammation, such as

selectins, intracellular and vascular cell adhesion molecules.

Enhanced inflammatory cells adhesion and migration by them

aggravated tissue damage and blockade of these adhesion

molecules has been demonstrated to be protective against sepsis

in vivo. Thirdly, endothelial injury and apoptosis increase vascular

permeability. Loss of the barrier function leads to tissue edema and

impaired organ function, which is the main feature of lung injury.

Therefore, biomarkers for endothelial dysfunction may also be

ideal markers for disease severity. Several endothelium-related

molecules such as angiopoietins, vWF and sICAM-1 were

demonstrated to be correlated with severity of sepsis [12–14],

and similarly, HSPA12B, mainly located in endothelial cells, was

considered as a predictor for prognosis of severe sepsis.

Our results also suggested that pre-existing cardiovascular

diseases was a risk factor for mortality in patients with severe

sepsis. It was reported that new-onset atrial fibrillation was an

Table 2. Demographic comparison between survivors and non-survivors with sepsis or severe sepsis.

Variables Survivor (n = 40) Non-survivor (n = 26) p

Age (Mean 6 SD) 62.6614.8 65.5615.3 0.443

Male/Female 41584 41407 0.632

Co-morbidity [No. (%)]

cardiovascular disease 10 (25.0) 17 (65.4) 0.001

diabetes mellitus 12 (30.0) 10 (38.4) 0.476

Primary diagnosis [No. (%)] 0.713

major abdominal surgery 21 (52.5) 15 (57.7)

intestinal obstruction 4 (10.0) 4 (15.4)

intestinal perforation 6 (15.0) 4 (15.4)

lithangiuria 2 (5.0) 0 (0)

others 7 (17.5) 3 (11.5)

Infection site [No. (%)] 0.377

abdomen 30 (75.0) 20 (76.9)

respiratory 2 (5.0) 3 (11.5)

urine 2 (5.0) 0 (0)

blood 4 (10.0) 3 (11.5)

mixed 2 (5.0) 0 (0)

Pathogen type [No. (%)] 0.109

Gram-negative 12 (30.0) 3 (11.5)

Gram-positive 13 (32.5) 8 (30.8)

fungus 1 (2.5) 4 (15.4)

mixed 14 (35.0) 11 (42.3)

APACHE II score [median (IQR)] 16.5 (13.0, 20.8) 20.5 (16.0, 25.3) 0.015

SOFA score [median (IQR)] 6.0 (3.0, 9.8) 9.5 (5.5, 12.0) 0.069

MODS score [median (IQR)] 5.0 (2.0, 7.0) 6.0 (4.0, 7.3) 0.166

IL-6 69.6 (1.2, 180.5) 140.1 (6.9, 557.2) 0.036

IL-10 14.6 (8.5, 25.5) 24.3 (1.5, 32.4) 0.041

eHSPA12B 0.9 (0.5, 1.3) 2.9 (1.4, 6.7) ,0.001

SD standard deviation, IQR inter-quartile range, APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, MODS Multiple
Organ Dysfunction Syndrome, MV mechanical ventilation, ICU intensive care unit, IL-6 interleukin 6, IL-10 interleukin 10, eHSPA12B extracellular heat shock protein A12B.
doi:10.1371/journal.pone.0101215.t002
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independent risk factor of stroke and death in patients with severe

sepsis [36,37]. Pre-existing cardiovascular diseases might induce

the myocardial remodeling and predispose the patients to the

development of new-onset atrial fibrillation. Chronic medical

conditions such as peripheral artery disease, coronary heart disease

and hypertension might also increase the risk of sepsis occurrence

[38]. Therefore, cardiovascular diseases including coronary heart

disease and hypertension should be regarded as an important risk

factor for death among patients with severe sepsis.

Finally, the dynamic changes of eHSPA12B seemed to be

absolutely different among most of patients. But the IL-6 level is a

biomarker of sepsis severity, and our data also suggested that IL-6

was higher in non-survivors. Since eHSPA12B level at 1d, 3d and

5d after sepsis was correlated with IL-6, the dynamic changes of

Figure 4. Receiver operator curve analysis of APACHE II score, eHSPA12B, IL-6 and IL-10, for predicting death in patients with
severe sepsis. Area under the curve of HSPA12B was markedly higher than APACHE II score, IL-6 and IL-10. Data analyses with ROC curves.
doi:10.1371/journal.pone.0101215.g004

Table 3. Cox regression analysis for factors associated with prognosis of severe sepsis.

Variables p Hazard ratio Hazard ratio (95% CI)

Lower Upper

Cardiovascular disease 0.005 3.317 1.433 7.678

IL-6 0.004 1.002 1.001 1.003

eHSPA12B ,0.001 1.222 1.118 1.337

CI confidential index, IL-6 interleukin 6, eHSPA12B extracellular heat shock protein A12B.
doi:10.1371/journal.pone.0101215.t003
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eHSPA12B might be correlated with the changes of disease

severity.

Limitations
Several limitations are present in our present study. Sample size

is relatively small for a biomarker study. However, the circulating

level of eHSPA12B is neglectable in volunteers and patients with

SIRS and sepsis, but much higher in most patients with severe

sepsis. For a power of 0.9 and a= 0.05, 30 patients is required to

detect a ratio of 80% in severe sepsis group higher than control

groups, and the sample size in the present study is adequate for

such a statistical requirement. Patient in the control group is

Figure 5. Survival analysis of patients with different levels of eHSPA12B. Mortality was significantly higher in patients with an eHSPA12B
level not lower than 1.466ng/ml than in patients with an eHSPA12B level lower than 1.466ng/ml (p,0.001). Data analyses with Kaplan-Meier analysis.
doi:10.1371/journal.pone.0101215.g005

Figure 6. Time frame of plasma eHSPA12B in septic patients and its correlation with IL-6. A. Dynamic changes of plasma eHSPA12B in 14
patients at 1d, 3d and 5d after onset of sepsis. B. Correlation analysis between the levels of eHSPA12B and IL-6 (p,0.001). Data analyses with
Pearson’s correlation analysis.
doi:10.1371/journal.pone.0101215.g006
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another problem of this case-control study. We did not included a

cohort of patients with organ dysfunction induced by non-

infectious SIRS. Thus we did not know if eHSPA12B is also

predictive to prognosis of other critical illness. The diagnostic and

prognostic value should be further investigated in a larger-size

clinical trial.

In conclusion, our present study revealed that eHSPA12B is

upregulated in plasma of both septic mice and patients. It may

help us to identify the septic patients with poor outcome.
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