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                        ORIGINAL ARTICLE: CLINICAL    

 Role of serum high mobility group box 1 in hematological malignancies 
complicated with systemic infl ammatory response syndrome and eff ect 
of recombinant thrombomodulin      

    Yasuyuki     Inoue  ,       Tasuku     Saito  ,       Kohei     Ogawa  ,       Yuji     Nishio  ,       Shigeki     Kosugi  ,       Yoshinori     Suzuki  ,       Hirotaka     Sakai  , 
      Masayuki     Kato  ,       Masatomo     Takahashi     &         Ikuo     Miura    

  Division of Hematology and Oncology, Department of Internal Medicine, St. Marianna University School of Medicine, 
Kawasaki, Japan                             

  Introduction 

 High mobility group box protein 1 (HMGB1) is recognized 
as a late mediator of sepsis or lipopolysaccharide endotoxin 
lethality and an infl ammatory cytokine. It is a nuclear pro-
tein that can be released actively from monocytes and mac-
rophages or passively from damaged cells [1,2]. Increased 
serum levels of HMGB1 protein are associated with the 
death of patients with sepsis and disseminated intravascular 
coagulation (DIC) [3,4]. 

 Recombinant human soluble thrombomodulin (rhTM) 
is a new endothelial anticoagulant cofactor for treating 
DIC that promotes the thrombin-mediated formation of 
activated protein C [5], and has unique anti-inflammatory 
properties due to its ability to bind to HMGB1 DNA-
binding protein. 

 We investigated the clinical relevance of serum HMGB1 
concentrations in 54 patients with hematological malig-
nancies, including 25 who also had systemic infl ammatory 
response syndrome (SIRS). 

 Th e treatment outcomes of 17 of the patients who were 
complicated by SIRS and DIC and treated with rhTM are also 
described.   

 Patients and methods  

 Patients 
 We enrolled 54 patients (age range, 26 – 77 years; median 
age, 61 years; male,  n     �    32; female,  n     �    22) with hemato-
logical malignancies that required treatment with high 
dose chemotherapy between July 2009 and Dec 2011. None 
of the patients had uncontrolled infection or severe renal, 
heart or liver disease, and all were serologically negative 
for the human immunodeficiency virus. Patients with 
acute promyelocytic leukemia were excluded. Patients 
who achieved complete remission (CR) after two rounds 
of chemotherapy were assigned to group 1 ( n     �    13), those 
who did not were assigned to group 2 ( n     �    16) and those 
who developed SIRS during chemotherapy were assigned 
to group 3 ( n     �    25). Serum HMGB1 concentrations were 
compared among the three groups. All patients in group 1 
achieved complete remission of the following hematologi-
cal malignancies: acute myeloid leukemia ( n     �    4), acute 
lymphoblastic leukemia ( n     �    4), non-Hodgkin lymphoma 
( n     �    3) and myelodysplastic syndrome ( n     �    2). All patients 

  Abstract 
 High mobility group box 1 (HMGB1) mediates infl ammation. 
We investigated the role of serum HMGB1 in 54 patients 
with hematological malignancies with and without systemic 
infl ammatory response syndrome (SIRS). There was no diff erence 
between groups 1 (complete remission of hematological 
disease:  n     �    13) and 2 (no remission:  n     �    16) in serum HMGB1 
levels. However, those of group 3 (complicated by SIRS:  n     �    25) 
were signifi cantly higher (vs. group 1:  p     �    0.001 and vs. group 
2:  p     �    0.008, respectively). Seventeen patients in group 3 also 
developed disseminated intravascular coagulation and received 
recombinant human thrombomodulin (rhTM). Thirteen of those 
with SIRS improved, and serum HMGB1 levels signifi cantly 
decreased ( p     �    0.047). Seven patients in group 3 who died 
within 28 days of SIRS onset had signifi cantly higher serum 
HMGB1 levels than the survivors ( p     �    0.016). The anti-HMGB1 
properties of rhTM might be useful therapy if serum HMGB1 
is associated with the development of SIRS in the presence of 
hematological malignancies.  
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in group 2 without SIRS did not achieve remission of the 
following hematological malignancies: acute myeloid leu-
kemia ( n     �    5), acute lymphoblastic leukemia ( n     �    1), non-
Hodgkin lymphoma ( n     �    4), myelodysplastic syndrome 
( n     �    4) and multiple myeloma ( n     �    2). Group 3 with SIRS 
also had acute myeloid leukemia ( n     �    9), non-Hodgkin 
lymphoma ( n     �    6), myelodysplastic syndrome ( n     �    2), 
multiple myeloma ( n     �    3), adult T cell leukemia ( n     �    1) and 
post-allogeneic bone marrow transplant ( n     �    4). In group 
3, minimal responses to medium or high doses of chemo-
therapies were observed in 21 of 25 patients. Main causes 
of SIRS were infection (11 of 25 patients) or progression 
of hematological malignancies (10 of 25 patients). Four 
patients suffered from complications of post-allogeneic 
bone marrow transplant (acute graft-versus-host disease; 
 n     �    2, and intestinal transplant-associated microangiopa-
thy;  n     �    2, Table I). Complete remission was defined as 
 �    5% of malignant cells in the bone marrow and absence 
of lymph node swelling on computed tomography images. 
Both SIRS and DIC were diagnosed and graded as described 
[6,7]. Serum HMGB1 concentrations were measured at 
the time of complete remission, when febrile neutropenia 
disappeared and at the onset of SIRS in groups 1, 2 and 3, 
respectively. Patients with SIRS and DIC were treated with 
rhTM, and then serum HMGB1 levels were re-analyzed 
immediately after rhTM. Stabilization of the endothelium 
by rhTM was estimated by measuring serum endothelial 
leukocyte adhesion molecule-1 (ELAM-1) concentrations 
before and after rhTM administration, when the HMGB1 
concentration was also determined. The dose and term 
of rhTM administration was adjusted according to renal 
function and the effects of the drug on each patient. 
Patients in group 3 were followed up for 28 days after SIRS 
was diagnosed, and outcomes were assessed. The institu-
tional review board at St. Marianna University approved 
the protocol, and all patients provided written informed 
consent to participate in study-related procedures.   

 Analysis of blood samples 
 Whole blood ( ~ 10 mL) collected in non-heparinized tubes 
was left to clot at room temperature for 30 min before cen-
trifugation at 3000 rpm for 15 min. Th e serum fraction was 
collected and stored at  �    80 ° C before analysis by enzyme-
linked immunosorbent assays using an anti-HMGB1 poly-
clonal antibody (Shino-Test Corporation, Tokyo, Japan) or 
an anti-ELAM-1 monoclonal antibody (Mitsubishi Chemical 
Medience Co. Ltd., Tokyo, Japan) according to the hemato-
logical malignancy.   

 Data analysis 
 Serum HMGB1 levels of each group are expressed as mean 
[95% confi dence interval (CI) mini-max], and were compared 
using the Kruskal – Wallis test with  post hoc  Dunn. Serum 
HMGB1 and ELAM-1 levels before and after rhTM admin-
istration were compared using the Wilcoxon signed-rank 
test for continuous variables. Serum HMGB1 levels between 
survival and non-survival patients with DIC in group 3 were 
compared using the Mann – Whitney test. All data were ana-
lyzed using IBM SPSS Statistics for Windows version 20.0.0 
software (IBM Corp., Armonk, NY).    

 Results 

 Serum HMGB1 levels did not diff er between groups 1 and 2 
(mean [95% CI mini-max]: 0.9 [0.5 – 1.9] vs. 3.1 [2.3 – 4.8] ng/mL, 
 p     �    0.133), but were signifi cantly elevated in group 3 com-
pared with groups 1 and 2 (10.7 [7.7 – 17.4] vs. 0.9 [0.5 – 1.9] and 
3.1 [2.3 – 4.8] ng/mL,  p     �    0.001 and  p     �    0.008, respectively, 
Table I and Figure 1). Th e HMGB1 concentrations did not 
signifi cantly diff er among the hematological malignancies in 
all groups. 

 Seventeen of 25 patients with SIRS in group 3 developed 
DIC that was treated with rhTM, which improved the condi-
tion in 13 patients and signifi cantly ameliorated their serum 
HMGB1 concentrations ( p     �    0.047, Figure 2). Improvement of 

  Table I. Patient characteristics.  

Patients in remission 
(group 1)

Patients in non-
remission (group 2)

Patients with 
SIRS (group 3)

Number 13 16 25
Male 5 10 17
Female 8 6 8
Age (median) 60 57 63
Disease
   Acute myeloid leukemia 4 5 9
   Acute lymphoblastic leukemia 4 1
   Non-Hodgkin lymphoma
      Diff use large B-cell lymphoma 2 1 4
      Follicular lymphoma 1 3 1
      Angioimmunoblastic T cell lymphoma 1
   Myelodysplastic syndrome
      Refractory cytopenia 2
      Refractory anemia with excess blasts 2 4
   Multiple myeloma 2 3
   Adult T cell leukemia 1
   iTAM post-allo-HSCT 2
   aGVHD post-allo-HSCT 2
Serum HMGB1 level (ng/mL) mean [95% 

CI mini-max]
0.9 [0.5 – 1.9] 3.1 [2.3 – 4.8] 10.7 [7.7 – 17.4]

    SIRS, systemic infl ammatory response syndrome; iTAM, intestinal transplant-associated microangiopathy; allo-HSCT, 
allogeneic hematopoietic stem cell transplant; aGVHD, acute graft-versus-host disease; HMGB1, high mobility group box 1; 
CI, confi dence interval.   
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serum C-reactive protein (CRP) was observed in 12 patients. 
DIC withdrawal rate was 52.9% (nine of 17 patients). Serum 
ELAM-1 concentrations tended to decrease ( p     �    0.38) in 10 
of 13 of these patients, with SIRS improved. Adverse events 
due to rhTM including bleeding did not arise. 

 Seven of the 25 patients with SIRS died within 28 days of 
diagnosis due to multiple organ failure caused by hemato-
logical disease progression or complications. None of these 
patients achieved complete remission of the hematological 
malignancy, and six of seven patients developed DIC. Th eir 
serum HMGB1 levels remained above 10 ng/mL or were 
not decreased by rhTM therapy, and were signifi cantly 
higher than those of survivors with SIRS and DIC (18.5 
[9.4 – 41.2] vs. 6.10 [3.2 – 15.0] ng/mL,  p     �    0.016, Table II, 
Figure 3; cut-off  value, 12.65 ng/mL, Table III, Figure 4). It 
has been reported that the mean serum HMGB1 level of 
a healthy population was 1.65    �    0.04 ng/mL by the same 
method using the same anti-HMGB1 polyclonal antibody 
as in the present study (Shino-Test Corporation) [8].   

 Discussion 

 Th e nuclear factor HMGB1 is also a secreted protein. In 
the nucleus it acts as an architectural chromatin-binding 

factor that binds DNA and promotes protein assembly on 
specifi c DNA targets that play an important role in cancer 
development. It is also a potent extracellular mediator of 
infl ammation [9,10]. Plasma or serum HMGB1 levels might 
serve as a prognostic marker of SIRS arising from systemic 
diseases such as septic shock, severe pancreatitis and DIC 
[3,4,11,12]. Th ere have been a few studies investigating the 
role of HMGB1 in hematological malignancies. Nomura 
 et   al . showed signifi cantly high serum HMGB1 levels and 
a decrease after rhTM therapy in patients with DIC associ-
ated with hematological malignancies [13]. High levels of 
serum HMGB1 were indicated in children with acute lym-
phoblastic leukemia in the initial treatment group [14]. In 
an  in vitro  study, HMGB1 released in leukemia cell lines 
functioned as a positive regulator of autophagy, which 
enhanced resistance to anticancer therapies [15]. HMGB1 
also has something to do with leukemia pathogenesis and 
chemotherapy resistance. Serum HMGB1 levels have not 
been investigated in patients with SIRS with hematologi-
cal malignancies, although it seems relevant to understand 
them from the viewpoint of managing SIRS when compli-
cated by hematological malignancies. 

 Because all patients in group 3 developed SIRS dur-
ing chemotherapy, we compared their serum HMGB1 
concentrations with those of patients without SIRS 
after receiving chemotherapy. Our findings suggest that 
serum HMGB1 levels were associated more closely with 
severe inflammation than with the status of remission 
and the development of malignant cells in patients 
with hematological  malignancies. None of the patients 
without SIRS had HMGB1 levels of  �    10 ng/mL, and the 
prognosis of patients with SIRS and HMGB1 levels of 
 �    12.65 ng/mL was very poor. 

 Due to its favorable effects, safety and ease of admin-
istration, rhTM has recently been recommended as a 
first-line anticoagulant with which to treat DIC. Throm-
bomodulin was originally identified as an endothelium-
specific membrane protein. The extracellular portion 
of TM is composed of an N-terminal lectin-like domain 
(D1), followed by an epidermal growth factor (EGF)-
like domain (D2) consisting of six EGF-like repeats and 
an  O -glycosylation-rich domain (D3). D2 is critical for 
the anticoagulant cofactor properties of TM, which are 
thrombin inhibition and the promotion of activated pro-
tein C formation [16 – 18]. Recombinant human TM binds 
HMGB1 at the level of D1 and suppresses the induction of 
proinflammatory events [9]. 

 Although targeting HMGB1 ligand or its receptor 
 in vivo  as a therapeutic approach to managing SIRS has 
not yet been established, some studies have investigated 
the effects of an anti-HMGB1 antibody in animal models 
of SIRS. The findings showed that anti-HMGB1 antibody 
improves the survival of mice challenged with a lethal 
endotoxin and ameliorates murine lung inflamma-
tion after intratracheal endotoxin challenge [1,19]. This 
response is dose dependent, and a higher survival rate 
correlates with an increased frequency of anti-HMGB1 
antibody administration [19]. Serum HMGB1 levels were 
decreased among the 12 patients with SIRS who improved 

  Figure 1.      Serum HMGB1 levels did not diff er between groups 1 and 
2, but were signifi cantly elevated in group 3 compared with groups 1 
and 2.  

  Figure 2.      Seventeen patients with both SIRS and DIC in group 3 were 
treated with rhTM. Serum HMGB1 concentrations, before and after 
rhTM administration, could be analyzed in 16 patients. Th erapy 
improved the condition in 13 patients and signifi cantly ameliorated 
their serum HMGB1 concentrations.  
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after rhTM administration in the present study. One of the 
effects of rhTM on SIRS and DIC complicated by hema-
tological malignancies might be due to its ability to bind 
HMGB1 DNA-binding protein. Thus, rhTM might serve as 
the first anti-HMGB1 agent to treat SIRS. 

 One patient in group 3 developed intestinal transplant-
associated microangiopathy (iTAM) after allogeneic 
hematopoietic stem cell transplant (allo-HSCT) when the 
HMGB1 level reached 10.7 ng/mL (patient no. 4). He was 
also complicated by prednisolone-resistant grade 3 acute 
graft-versus-host disease (aGVHD) and DIC and developed 
severe diarrhea ( �    5 L/day). Notably, rhTM was obviously 
eff ective against DIC, iTAM and aGVHD and also amelio-
rated the diarrhea and high HMGB1 level [20]. Some reports 
have described successful outcomes of rhTM treatment 
among patients with veno-occlusive disease (VOD) or iTAM 
that arises after allo-HSCT [21,22]. Two of our patients with 
iTAM in group 3 had serum HMGB1 concentrations of  �    10 
ng/mL. Th e receptor for advanced glycation end product 
(RAGE) is also a receptor for HMGB1, and it is expressed on 
endothelium. Endothelial cells might be activated by HMGB1 
through up-regulating surface receptors and inducing the 
secretion of soluble proinfl ammatory mediators [23]. Serum 
HMGB1 might be associated with the development of high 
cytokine syndrome after allo-HSCT, such as GVHD, VOD and 
TAM. Th e anti-HMGB1 eff ects of rhTM might help to avoid 
these early complications of endothelial damage or excessive 
infl ammation after allo-HSCT. Endothelial cell vulnerability 
and dysfunction is related to steroid-refractory GVHD such 
as VOD and TAM [24]. Th e tendency for rhTM to ameliorate 
serum ELAM-1 in the present study indicated a potential 
improvement in endothelial cell activation. 

 In conclusion, serum HMGB1 concentrations were sig-
nifi cantly higher in patients with hematological malignan-
cies with, as opposed to without, complication by SIRS. 
We suppose that HMGB1 is involved in the development 
of infl ammation in hematological malignancies. If serum 
HMGB1 concentrations exceed 10 ng/mL in hematologi-
cal malignancies complicated by infl ammation, then early 
treatment for SIRS or DIC should be considered. Because 
HMGB1 is a late reactive protein associated with infl amma-
tion, rhTM administration at early onset of SIRS in a back-
ground of hematological malignancy might prevent progres-
sion to multiple organ failure and achieve a more favorable 
clinical outcome. Although anti-HMGB1 therapies for infl am-
mation have not yet been established, the anti-HMGB1 eff ect 
of rhTM might play an important role in patients with hema-
tological malignancies complicated by SIRS and/or DIC. 

 Th is is a limited pilot study and further clinical studies are 
warranted to estimate the optimal strategy for treating SIRS 
with rhTM. 

  Potential confl ict of interest:  Disclosure forms provided 
by the authors are available with the full text of this article at 
www.informahealthcare.com/lal.                  
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