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Cytokines trigger coagulant and fibrinolytic systems in 
sepsis to result in Disseminated Intravascular Coagula-
tion (DIC) that is an important complication and leads to 
disseminated hemorrhages and multi-organ failure. High 
Mobility Group B1 DNA Binding (HMGB1) protein is a 
cytokine taking part in systemic inflammatory response. 
The objective of this study was to investigate HMGB1 
levels in groups of septic patients with and without DIC.
Twenty-one septic patients without DIC and 12 sep-
tic patients with DIC from the Intensive Care Unit (ICU) 
were included in the study. In addition, 20 patients ad-
mitted to the ICU without sepsis or DIC and 20 healthy 
volunteers served as controls. Levels of HMGB1, pro-
thrombin time, activated partial thromboplastin time, 
fibrinogen, D-dimer, protein C, protein S, anti-thrombin 
III (ATIII), platelet (thrombocyte) and leukocyte count 
were determined. Levels of fibrinogen, protein C, ATIII 
and platelet count were significantly lower and D-dimer 
was significantly higher in the group with sepsis plus 
DIC compared to the group with sepsis without DIC. Lev-
els of HMGB1 were higher in the group with sepsis and 
DIC compared to the group with sepsis; however, the 
difference was not statistically significant and the levels 
of HGMB1 of both groups were significantly higher com-
pared to ICU and healthy control groups. HMGB1 levels 
were not significantly different in survivor and non sur-
vivor patients. HMGB1 levels did not differ in lower res-
piratory tract infection (LRTI) and urinary tract infection 
(UTI) in regard to the etiology of sepsis.
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INTRoDUCTIoN

Sepsis is defined as the systemic inflammatory re-
sponse to infection (Bone et al., 1992). Pathogen Asso-
ciated Molecular Patterns (PAMPs) of microorganisms 
bind to Pattern Recognition Receptors (PRRs) found on 
the surface of cells of the immune system and release 
cytokines via induction of transcription factors (Bochud 
& Calandra, 2003; Cinel & Opal, 2009). Sepsis is char-
acterized with over-secretion of proinflammatory cyto-
kines including tumor necrosis factor (TNF), interleukin 
(IL) 1β and High Mobility Group B1 DNA Binding 
(HMGB1); these cytokines trigger inflammatory response 
that induces local coagulation to limit tissue injury and 
also cause capillary leakage, tissue injury and organ fail-
ure (Ulloa & Tracey, 2002). Cytokines activate coagu-

lation by increasing the synthesis of tissue factor (TF) 
and prevent fibrinolysis by increasing the level of Plas-
minogen Activator Inhibitor Type-1 (PAI-1) in sepsis. 
Additionally, the levels of natural anticoagulants includ-
ing anti-thrombin, protein C and tissue factor pathway 
inhibitor are decreased in sepsis (Cohen et al., 2002). All 
of these processes result in increased levels of intravas-
cular fibrin and formation of microvascular thrombosis, 
thus ischemic multiple organ dysfunction leading to ne-
crosis (Zeerleder et al., 2005). A frequent complication of 
sepsis is Disseminated Intravascular Coagulation (DIC) 
that arises from fibrin accumulation in small vessels and 
occlusion of capillaries with microthrombi (Peters et al., 
2003). DIC is a clinical picture that includes consump-
tion of platelets and disseminated hemorrhages without 
any laboratory tests to confirm or exclude its diagnosis 
(Levi et al., 2009).

HMGB1 is a DNA-associated nuclear protein that sta-
bilize the nucleosome and take part in gene transcription 
(Lotze & Tracey, 2005). Experimental models of sep-
sis have demonstrated that this is a cytokine expressed 
in the late term (Wang et al., 1999). HMGB-1 passively 
leaks from necrotic cells or is actively secreted by mac-
rophages and neutrophils (Gibot & Massin, 2007; Lotze 
& Tracey, 2005). Literature studies have demonstrated 
that HMGB1 is associated with sepsis (Wang et al., 1999; 
Gibot et al., 2007; Gaini et al., 2007; Van Zoolen et al., 
2007; Sunden-Cullberg et al., 2005; Karlsson et al., 2008), 
cell death (Lotze & Tracey, 2005) DIC (Hatada et al., 
2005), organ failure and mortality (Wang et al., 1999; Gi-
bot et al., 2007; Hatada et al., 2005); however, there are 
also studies suggesting that HMGB1 is not associated 
with disease severity (Van Zoelen et al., 2007), or mortal-
ity (Gaini et al., 2007; Van Zoelen et al., 2007; Karlsson 
et al., 2008). 

In this study besides coagulation tests, levels of 
HMGB1 were examined in groups of septic patients 
with and without DIC.

MATeRIALS AND MeTHoDS

Patients and setting. This study was conducted pro-
spectively at Zonguldak Karaelmas University Hospital, 
a 524-bed referral and tertiary hospital. The hospital in-
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cludes a 23-bed general ICU that admits surgical, medi-
cal and trauma patients. Patients admitted to the general 
ICU with the diagnosis of sepsis between January 1st to 
December 31st, 2009 were included. Exclusion criteria 
were age <16 years, presence of malignancy or hemopoi-
etic disorder. Patients who developed sepsis without 

DIC were defined as group 1 (21 pa-
tients) and those developed sepsis with 
DIC were defined as group 2 (12 pa-
tients). Twenty patients admitted to the 
ICU without sepsis, DIC, malignancy 
or hemopoietic disorder were enrolled 
as ICU control group (group 3) and 20 
healthy adult volunteers constituted the 
normal control group (group 4). The di-
agnoses of sepsis and DIC were estab-
lished by the Department of Infectious 
Diseases using the diagnostic criteria 
of the International Sepsis Definitions 
Conference (Levy et al., 2003) and the 
International Society on Thrombosis 
and Haemostasis (ISTH) (Taylor et al., 
2001). The study was approved by the 
hospital ethical board and informed 

consent was obtained from patients or their relatives. 
Study procedures. Blood samples were obtained on 

the first day of sepsis/DIC diagnosis in septic patients 
with and without DIC and on the first day of hospital-

Table 1. Classification of patients with sepsis, sepsis + DIC and ICU controls by eti-
ology

ICU control Sepsis Sepsis + DIC

 n = 20 n = 21 n = 12

Lower respiratory tract infection
Urınary tract infection
Peritonit
Complicated skin and soft tissue infection
Source couldn’t be find sepsis 

Subarachnoid haemorrhage (SAH)
Traumatic SAH
GIS haemorrhage
Cerebrovascular accident
Acute abdomen

4
4
5
5
2

12
4
2
2
1

8
4

Table 2. HMGB-1 levels in patient and control groups

Sepsis without DIC (group 1)
n=21

Sepsis with DIC (group 2)
n=12

ICU control (group 3)
n=20

Normal Control (group 4)
n=20

HMGB-1
 (ng/ml)

28.42±7.37 32.76±20.11 16.73±4.31 13.98±4.51

(18.31–42.59) (14.17–68.19) (9.61–24.71) (6.79–23.67)

Mean ± S.D. (min–max)

Table 3. Markers of coagulation and WBC in patient and control groups

Sepsis without DIC (group1)
n=21

Sepsis with DIC (group2)
n=12

ICU control (group 3)
n=20 Reference values

PT (s)
21.09±8.53 25.69±10.98 18.93±4.78

12–18 
(13.9–51.1) (14.1–46.9) (13.1–35.7)

INR
1.452±0.653 1.828±0.834 1.332±0.393

<1.21
(0.940–3.795) (0.960–3.454) (0.849–2.588)

aPTT (s)
37.39±7.74 45.94±22.56 29.72±6.01

22.6–35
(25.7–53.4) (25.9–111.0) (20.1–43.5)

Fibrinogen (mg/dl)
630.81±154.09 368.50±196.53 381.95±134.05

175–400
(328–974) (117–734) (136–553)

D-dimer (ng/ml)
2416.67±1631.60 7200.00±10019.03 723.50±920.41

<147
(266–5800) (1170–38260) (46–3963)

Protein S (%)
92.71±29.11
(33–176)

98.17±40.40
(31–180)

91.80±30.37
(28–153) 55–160

Protein C (%)
62.48±23.64 42.58±25.13 84.05±24.66

70–130
(26–121) (11–86) (44–139)

AT III 
(%)

69.49±16.97 53.42±16.15 94.85±21.09
79–125

(31–101) (34–82) (70–142)

WBC (μl)-1
16585±8015 12658±6180 10375±3577

4800–10800
(2800–30300) (3200–22100) (4300–17600)

PLT (μl)-1
230238±184181 66583±52330 192300±67708

130000–400000
(27000–866000) (15000–194000) (91000–322000)

Mean ± S.D. (min–max)
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ization in the control groups. Platelet and WBC were 
measured in complete blood, PT, aPTT, fibrinogen, D-
dimer, protein C, protein S, and ATIII were measured in 
plasma and HMGB1 was measured in serum. Coagula-
tion tests were performed on the day, the blood samples 
were drawn. Serum samples were stored at-80°C for 
measurement of HMGB1. 

Levels of HMGB1 were determined using the HMGB-
1 ELISA kit (Uscn Life Science Inc., Wuhan, China) 
with the sandwich method in an ELX 800 G ELISA 
device (BIO-TEC Instruments, Winooski, USA). Amax 
device (Trinity Biotech Plc, Bray, Co. Wicklow, Ireland) 
was used to determine PT, aPTT, fibrinogen, and pro-
tein S with the mechanic method and D-dimer, protein 
C, and ATIII with the optic method. Platelet (throm-
bocyte) and WBC count were measured in an LH 780 
analyzer device (Beckman Coulter, Inc., Fullerton, USA). 
INR was calculated using the formula INR = (Patient 
PT/Normal PT )ISI. 

A normal PT value represents the average of mean 
normal PT range of the laboratory, whereas the Interna-
tional Sensitivity Index (ISI) is the correction coefficient 
of thromboplastin in commercial kits calculated accord-
ing to international reference samples. 

Statistical analysis. Inter-group differences were 
calculated by using Anova and Kruskal Wallis variance 
analyses and Mann-Whitney U-test. The Kolmogorov-
Smirnov test was used to test the normality of distribu-

tions. Statistical Package for Social Sciences 
(SPSS) version 18.0 was used.

ReSULTS

Mean age was 74±9 years (58–92) in 21 
septic patients without DIC (group 1; 13 
males, 8 females), 70±16 (28–85) in 12 septic 
patients with DIC (group 2; 6 males, 6 fe-

males), 58±19 (22–85) in 20 patients constituting the 
ICU control group (group 3; 14 males, 6 females), and 
42±9.7 in 20 healthy controls (7 males, 13 females).

The distribution of patients by the type of infection 
is demonstrated in Table 1; mean ± SD, minimum and 
maximum values of HMGB1 levels in groups 1, 2, 3 and 
4 in Table 2, mean ±S.D., minimum, maximum and ref-
erence values of PT, INR, aPTT, fibrinogen, D-dimer, 
protein S, protein C, AT III activity, WBC and PLT 
counts are demonstrated in Table 3, and significance of 
inter-group differences in these tests is shown in Tables 
4 and 5. 

The level of HMGB-1 was significantly increased in 
septic patients without DIC (p<0.001, p<0.001) and with 
DIC (p<0.001, p<0.001) compared, respectively, to the 
normal and ICU control groups. It was also higher in 
septic patients with DIC compared to septic patients 
without DIC; however, the difference was not statistical-
ly significant (p=0.213). We also found that the HMGB1 
levels of lower respiratory tract infection (LRTI) patients 
and urinary tract infection (UTI) patients sepsis without/
with DIC were significant higher than in the ICU and 
normal control group (Table 6, 7) whereas the difference 
between the LRTI and UTI patients were not statisti-
cally significant in the no-DIC group or the DIC group 
(p=0.212, p=0.283) (Table 7).

Fibrinogen (p<0.001), thrombocyte count (p=0.001), 
ATIII (p=0.020), and protein C (p=0.028) were de-
creased, whereas D-dimer was increased (p=0.024) in 
septic patients with DIC compared to septic patients 
without DIC (Table 3).

The aPTT (p=0.002) and D-dimer (p<0.001) levels 
of the mortal patients were higher than in the surviving 
patients. On the other hand, the anticoagulant param-
eters protein C (p=0.001) and ATIII (p=0.002) activity 
of mortal patients were less than in the survivor group, 
whereas the difference in HMGB1 (p=0.074) was not 
significant between the non-survivor and survivor pa-
tients (Table 8).

DISCUSSIoN

Sepsis is a systemic inflammatory response to infec-
tion and one of the causes of mortality in intensive care 
units (Peters et al., 2003). Molecular patterns of micro-
organisms attach to specific receptors on host cells and 
cause secretion of cytokines (Cinel & Opal, 2009). TNFα 
and IL1 are early activators of the inflammatory cascade 

Table 4. Inter-group significance of differences of HMGB1 levels 

Groups

1–2 1–3 1–4 2–3 2–4 3–4

HMGB-1 p=0.213 p<0.001 p<0.001 p<0.001 p<0.001 p=0.365

1, Sepsis without DIC; 2, Sepsis with DIC; 3, ICU control; 4, Normal control

Table 5. Inter-group significance by coagulation markers

Groups

1, 2, 3 1–2 1–3 2–3

PT p  =  0.078

INR p = 0.094

aPTT p = 0.003 p = 0.059 p = 0.05 p = 0.001

Fibrinogen p < 0.001 p < 0.001 p < 0.001 p = 0.816

D-dimer p < 0.001 p = 0.024 p < 0.001 p < 0.001

Protein S p = 0.854

Protein C p < 0.001 p = 0.028 p = 0.007 p  < 0.001

AT III p < 0.001 p = 0.020 p < 0.001 p < 0.001

WBC p = 0.009 p = 0.088 p = 0.002 p = 0.321

PLT p = 0.003 p = 0.001 p = 0.340 p = 0.009

1, Sepsis without DIC; 2, Sepsis with DIC; 3, ICU control

Table 6. HMGB1 levels in subgroups

Sepsis without DIC
LRTI
n=12

Sepsis without DIC
UTI
n=4

Sepsis with DIC
LRTI
n=8

Sepsis with DIC 
UTI
n=4

ICU control

n=20

Normal control 

n=20

HMGB1
ng/ml

29.48±7.60 24.13±4.54 26.44±17.15 45.39±21.84 16.73±4.31 13.98±4.51

(18.31–41.11) (18.50–28.07) (14.17–68.18) (16.56–68.19) (9.61–24.71) (6.79–23.67)

Mean ± S.D. (min–max). LRTI, lower respiratory tract infection; UTI, urinary tract infection
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in sepsis, whereas HMGB-1 and IL10 are late activators 
(Shimaoka & Park., 2008). Cytokines released in sepsis 
trigger coagulation resulting in impairment of fibrinolytic 

and anticoagulant systems. Systemic intravascular fibrin 
accumulation leads to a frequent complication of DIC 
characterized with microvascular dysfunction and organ 
failures (Zeerleder et al., 2005).

Several studies have been performed on HMGB1 that 
is a cytokine taking part in septic process. Wang et al. 
(1999) used western immunoblotting to demonstrate 
HMGB1 secretion 6–8 hours after injection of lipopoly-
saccharide (LPS) to mice macrophage cultures. They re-
ported that HMGB1 levels were increased in mice se-
rum 8–32 hours following injection of endotoxins, and 
also that HMGB1 levels were increased in patients with 
sepsis compared to healthy controls. The increase was 
prominent in patients who died of sepsis compared to 
those who survived. In addition, organ function impair-
ment has been reported in mice models of HMGB1 
administration. Inhibition of HMGB1 with specific an-
tibodies reduced the mortality in sepsis. According to 
those results it has been reported that HMGB1 is a cy-
tokine of the late term in sepsis that is associated with 
mortality and organ dysfunction, and the latter has been 
associated with the toxic effect of the protein (Wang et 
al., 1999).

Gibot and coworkers (2005) investigated HMGB1 
levels in patients with septic shock using the ELISA 
method and reported that increased HMGB1 levels were 

Table 7. Significance of differences of HMGB1 levels between 
subgroups 

HMGB1

Sepsis without DIC LRTI ICU control p < 0.001

Sepsis without DIC LRTI Normal control p < 0.001

Sepsis without DIC UTI ICU control p = 0.013 

Sepsis without DIC UTI Normal control p = 0.002 

Sepsis without DIC LRTI Sepsis without DIC UTI p = 0.212 

Sepsis with DIC LRTI ICU control p = 0.016 

Sepsis with DIC LRTI Normal control p < 0.001 

Sepsis with DIC UTI ICU control p = 0.018 

Sepsis with DIC UTI Normal control p = 0.007 

Sepsis with DIC LRTI Sepsis with DIC UTI p = 0.283 

LRTI, lower respiratory tract infection; UTI, urinary tract infection

Table 8. Coagulation markers, WBC and HMGB1 levels in nonsurvivor and survivor patients

Sepsis without DIC +
Sepsis with DIC +
ICU control
NONSURVIVOR n = 31

Sepsis without DIC +
Sepsis with DIC +
ICU control
SURVIVOR n = 22

p value

PT (s)
23.10±9.67 18.79±4.95

p = 0.099
(13.9–51.10) (13.10–35.70)

INR
1.64±0.74 1.28±0.37

p = 0.060
(0.94–3.79) (0.85–2.59)

aPTT (s)
40.25±15.74 31.04±6.74

p = 0.002
(22.3–111.0) (20.10-46.50)

Fibrinogen (mg/dl)
490.83±199.53 458.72±201.45

p = 0.279
(117–896) (136–974)

D-dimer (ng/ml)
4258.03±6673.0 891.86±795.79

p<0.001
(102.0–38260.0) (46.0-2979.0)

Protein S (%)

96.93±34.78 88.90±27.28

p = 0.522
(31.0–180.0) (28.0–153.0)

Protein C (%)
56.23±28.62 80.04±23.01

p = 0.001
(11.0–132.0) (34.0–139.0)

AT III (%)
66.75±22.26 87.63±22.56

p = 0.002
(31–129) (47–142)

WBC (μl)–1
14306±7621 12009±5071

p = 0.299
(2800–30300) (4300-22400)

PLT (μl)–1 
167161±167049 195363±86903

p = 0.072
(15000–866000) (42000–360000)

HMGB-1 (ng/ml)
27.58±14.05 21.34±9.26

p = 0.074
(13.37-68.19) (9.61–42.59)

Mean ± S.D. (min–max)
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associated with the severity of septic shock with higher 
levels being observed at day 3 in patients who died com-
pared to those who survived. That result has been asso-
ciated with the formation of acute tissue injury with the 
pro-inflammatory effect of HMGB1.

In their study, Hatada and coworkers (2005) deter-
mined that HMGB1 was higher in ICU patients with in-
fection, tumor or trauma compared to normal controls, 
the rate of development of DIC was associated with 
increased levels of HMGB1, and that highest levels of 
HMGB1 were determined in patients with organ failure 
and patients that died. Those investigators have suggest-
ed that HMGB1 might be a proper prognostic marker 
of DIC. 

Levels of HMGB1 have been found significantly in-
creased in patients with sepsis and infection without 
SIRS (Systemic Inflammatory Response Syndrome) com-
pared to healthy controls, in severe sepsis compared to 
sepsis, and in bacteraemic patients compared to non-
bacteraemic patients in another study performed with 
154 patients using the ELISA kit. Levels were lower in 
septic shock compared to severe sepsis; however, the 
difference was not statistically significant. It was con-
cluded that levels of HMGB1 correlated with other pro-
inflammatory cytokines and disease severity, but not with 
mortality. That result was associated with the pro- in-
flammatory effect of HMGB1 (Gaini et al., 2007).

Van Zoelen and coworkers (2007) investigated 
HMGB1 levels in patients with sepsis secondary to uri-
nary infection, peritonitis and pneumonia using ELISA 
at day 0 and 3. They reported that the secretion of 
HMGB1 was delayed in sepsis secondary to urinary sys-
tem infections compared to sepsis secondary to pneu-
monia and peritonitis, and that the kinetics of HMGB1 
release were altered by the source of infection. HMGB1 
was not associated with mortality and disease severity in 
that study.

Sunden-Cullberg and coworkers (2005), measured the 
level of HMGB1 in patients with severe sepsis and sep-
tic shock using western immunoblotting with two sepa-
rate methods using different antibodies. In that study, 
HMGB1 remained elevated for a week and was a late 
marker of inflammation. According to one of the meth-
ods HMGB1 was decreased in dead subjects, whereas 
the other method demonstrated no differences. That dis-
crepancy was attributed to the use of different subunits 
in measuring biological activity in those methods, or to 
interference due to inhibiting factors in serum.

In a study performed on ICU patients with severe 
sepsis blood samples were drawn at day 0 and 3 to de-
termine levels of HMGB1 both with western immunob-
lotting and ELISA methods. Those authors determined 
that HMGB1 was increased compared to healthy con-
trols; however, there was no difference between dead 
and alive patients with sepsis. It has been concluded 
that HMGB1 is not a marker of mortality. HMGB1 was 
lower at 72 hours compared to day 0 in patients with 
severe cardiovascular and hematological failure, possibly 
because of the emergence of apoptotic rather than ne-
crotic cell death in certain patients (Karlsson et al., 2008).

Our results indicated that HMGB1 level was in-
creased in sepsis without DIC compared to the con-
trols conforming to the results of other studies indicat-
ing increased HMGB1 in sepsis as a pro-inflammatory 
marker (Wang et al., 1999; Gibot et al., 2007; Gaini et al., 
2007; Van Zoolen et al., 2007; Sunden-Cullberg 2005; 
Karlsson et al., 2008). HMGB1 was significantly higher 
in the group of patients with sepsis + DIC compared 
to normal and ICU controls in our study; however, no 

significant increase could be determined in patients with 
sepsis + DIC compared to those with sepsis alone. Our 
results differed from those of Hatada et al. (2005) who 
have demonstrated that HMGB1 levels are significantly 
elevated in ICU patients with DIC.

Other studies have reported that the variability in 
HMGB1 levels might be associated with apoptotic cell 
death or necrosis (Karlsson et al., 2008), or determina-
tion of different biological forms of HMGB1 in the im-
proved immunological kits (Sunden-Cullberg et al., 2005). 
Additionally, Van Zoolen et al. (2007) have reported 
that the kinetics of HMGB1 accumulation varies by the 
source of infection and that this is not associated with 
disease severity and mortality. 

In our study there was no difference in HMGB1 lev-
els obtained within the first day of diagnosis between 
the non-surviving and surviving patients. Contrary 
to this finding, Wang et al. (1999), Gibot et al. (2007), 
Hatada et al. (2005) reported higher HMGB1 levels in 
mortal patients. Different from our study, in Hatada et 
al. (2005) study there were patients with neoplasms. Gi-
bot et al. (2007) reported high levels of HMGB1 on the 
third day. Wang et al. (1999) reported that HMGB1 is 
a late mediator of endotoxin lethality in mice. Sunden-
Cullberg et al. (2005) used two methods different from 
our study and they found lower levels of HMGB1 in 
nonsurvivors compared to survivors, but the measure-
ment with a second method gave similar results in both 
groups. Our results are compatible with those of Gaini et 
al. (2007), Van Zoolen et al. (2007), Karlsson et al. (2008) 
who found no relation with mortality. aPTT and fibrin 
degradation products D-dimer levels of the nonsurvivor 
patients were higher than in survivor patients, also an-
ticoagulant protein C and ATIII activity were lower in 
nonsurvivor patients. At the first day of diagnosis signifi-
cant differences in fibrinogen and platelets were not de-
tected when comparing nonsurvivors and survivors. Van 
Zoolen et al. (2007) reported that in severe sepsis the 
kinetics of HMGB1 accumulation may differ depending 
on the primary source of infection. In our study there 
were no significant difference in HMGB1 levels between 
lower respiratory tract infection and urinary tract infec-
tion patients in regard to the etiology of sepsis. Unfor-
tunately, the size of the population in our subgroups is 
small which limits our study.

Unlike in the study of Hatada et al. (2005), patients 
with hematopoietic diseases and solid tumors were ex-
cluded from our study. HMGB1 expression has been 
reported to be increased in several types of cancer cells 
(Lotze & Tracey, 2005), breast (Flohr et al., 2001), co-
lon (Völp et al., 2006) and melanoma (Poser et al., 2003) 
cancers, suggesting that the pathology leading to the de-
velopment of DIC might influence the level of HMGB1.

Consequently, similar to the literature data (Levi et al., 
2009; Mujun et al., 2000; Fourrier et al., 1992) also in our 
patients the levels of fibrinogen, ATIII, protein C and 
thrombocyte count were significantly decreased, whereas 
D-dimer was significantly increased in septic cases with 
DIC compared to those without DIC. In the view of 
our findings measuring levels of HMGB1, might remain 
inadequate in determining the development of DIC in 
patients with sepsis. 
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