
High-mobility group box 1 (HMGB1) 
is a versatile protein with nuclear and 
extracellular functions. In the extra-
cellular milieu, HMGB1 binds to sev-
eral receptors, notably the receptor 
for advanced glycation end-products 
(RAGE). The expressions of HMGB1 
and RAGE have been described in  
a variety of cancers. However, the 
clinical values of HMGB1 and RAGE in 
haematological malignancies have yet 
to be evaluated. A systematic search 
through PubMed and the Web of Sci-
ence for articles discussing the role of 
HMGB1 and RAGE in haematological 
malignancies produced 15 articles. 
Overexpression of HMGB1 was report-
ed to be associated with malignancy 
and, in certain studies, poor prognosis 
and tumour aggressiveness. Only one 
included study investigated the clini-
cal value of RAGE, in which no signif-
icant difference was found between 
expression of RAGE in CLL neoplastic 
cells and nonmalignant controls. The 
discussed associations of HMGB1 and 
RAGE with clinicopathological char-
acteristics of patients with haemato-
logical malignancies warrants further 
investigation into the prognostic and 
diagnostic value of both of these mol-
ecules.
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Introduction

High-mobility group box 1 (HMGB1) is a highly conserved and ubiquitous 
protein found in eukaryotic cells. Structurally, HMGB1 consists of 215-amino 
acid polypeptide organised into two DNA-binding domains and a negatively 
charged C-terminal tail [1, 2]. This molecule exhibits dual functionality as  
a non-histone nuclear protein and also an inflammatory cytokine, extracellu-
larly [3]. HMGB1 can be released passively by damaged or necrotic cells or ac-
tively by immune cells and stressed cancer cells [4–8]. Extracellular HMGB1 
binds to several cell surface receptors, including the Receptor for Advanced 
Glycation End products (RAGE) and the Triggering Receptor Expressed on 
Myeloid cells 1 (TREM-1) [9, 10].

RAGE is a transmembrane receptor belonging to the immunoglobulin 
superfamily that binds to advanced glycation endproducts. RAGE is most-
ly stimulated by cellular stress, such as inflammation, and is found to be 
over-expressed in many diseases, including numerous malignancies [11]. The 
interaction between HMGB1 and RAGE has also been studied in different 
cancers. HMGB1 binding to RAGE may activate signalling pathways, such as 
Ras/MAKP, PI3K/Akt, and NF-kB, leading to over-expression of certain genes 
and a change in tumour cell biological behaviour [12]. Additionally, HMGB1 
and RAGE play important roles in the development, growth and metasta-
sis of multiple tumours [13, 14]. In a murine lung cancer model, blockade of 
HMGB1 and RAGE signalling suppressed tumour growth and metastasis [15].

Several malignancies, including haematopoietic ones, are known to arise 
in association with infection and chronic inflammation. An inflammato-
ry microenvironment may aid in the development of neoplastic processes 
and foster its proliferation, survival, and migration [16]. As such, HMGB1 has 
been extensively studied in various cancers due to its association with in-
flammation. Previous studies have identified the roles of HMGB1 in cancer, 
with increased protein expression in colon, breast, lung, prostate, cervical 
and gastric cancer and hepatocellular carcinoma when compared with nor-
mal tissues and healthy controls [7, 17]. Furthermore, recent investigations 
have demonstrated the capacity of HMGB1 to promote angiogenesis [12, 18]. 
To our knowledge, however, a systematic evaluation of the clinical value of 
HMGB1 and RAGE in haematological malignancies has not been performed 
to date. The present study systematically reviews the available literature re-
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garding HMGB1 and RAGE in haematological malignancies 
and evaluates its potential clinical value.

Methods

The following terms were used in a systematic search of 
PubMed and the Web of Science: leukaemia, lymphoma, 
non-Hodgkin’s lymphoma, and haematological malignan-
cies with HMGB1 or RAGE. Article titles and abstracts were 
screened, with full-text review ultimately determining inclu-
sion status. Only articles in English discussing original stud-
ies investigating the clinical utility of HMGB1 and RAGE in 
human haematological malignancies were included. 

Results

Searches of PubMed and the Web of Science returned 
53 and 78 articles, respectively (Fig. 1). After screening ti-

tles and abstracts, the full-text of 15 articles were retrieved 
for further review to include in the study. Five articles were 
excluded due to insufficient or inapplicable data, leaving  
a final ten articles to be included in this review.

The included articles demonstrated a great deal of vari-
ability in the type of haematological malignancy studied. 
The characteristics of each study are summarised in Ta-
ble 1, with major findings summarised in Table 2. Malig-
nancies of B-cell origin were the most commonly studied, 
including non-Hodgkin’s lymphoma (NHL) [19–21] and 
lymphocytic leukaemias [22–24]. A minority of studies in-
vestigated HMGB1 and RAGE in T-cell malignancies [25, 26] 
and acute myeloid leukaemia (AML) [27, 28].

The study by Court et al. [27] observed significant-
ly higher expression of HMGB1 in AML samples than in 
controls (microarray, p = 0.009; Southern blot, p < 0.001). 
Separately, a comparison of 31 newly diagnosed AML pa-
tients to 12 relapsed/refractory patients using real-time 
PCR demonstrated a significantly increased expression 
in the relapsed/refractory group (p = 0.005) [28]. Interest-
ingly, HMGB1 expression was found to be a target of and 
inversely correlated with levels of microRNA-181b. This mi-
croRNA plays a role in the regulation of activated B cells 
and has been shown to be down-regulated in chronic lym-
phocytic leukaemia (CLL), it decreases with progression of 
CLL, and it is associated with survival in CLL patients [29–
31]. This early evidence is suggestive of a role of HGMB1 in 
the development and progression of AML.

An investigation of HMGB1 expression in various B-cell 
leukaemias and lymphomas was performed in four stud-
ies. Xu et al. [22] demonstrated HMGB1 mRNA and protein 
levels to be higher in bone marrow samples of patients 
with acute lymphocytic leukaemia, when compared with 
lymphocytes from healthy individuals used as controls. In 
CLL patients [23], plasma levels of HMGB1 were highest in 
those with progressive relapsed disease, and they correlat-

Table 1. Summary of characteristics of included studies investigating HMGB1 and RAGE

Study Neoplasm Sample N (total) N (malignant) Mean Age 
(range)

Gender 
M : F

Court et al. (2004) AML Bone marrow 18 11 64a (21–75) –

Xu et al. (2004) ALL Bone marrow 28 28 - –

Meyer et al. (2008) NHLb FFPE 24 18 50.9 (17–87) 8 : 6*

Zappasodi et al. (2010) BCL Lymphoma cells from LN or 
blood

14 14 58.2 (45–72) 10 : 4

Nomura et al. (2011) Various Serum 45 45 54a (21–78) 27 : 18

Mao et al. (2012) T cell lymphoma FFPE biopsy 142 102 56 (14–81) 60 : 42

Inoue et al. (2013) Variousc Serum 54 54 61a (26–77) 32 : 22

Jia et al. (2014) CLL Plasma & 
FFPE LN biopsy

60 (plasma) 
144 (LN)

60 (plasma)
86 (LN)

– –

Kimura et al. (2014) Adult ATLL Plasma 13 8

Lu et al. (2014) AML Bone marrow aspirate 43 43 46a (13–80) 20 : 23

*Not all reported. 
aMedian. bDLBCL (n = 8), anaplastic large T cell lymphoma (n = 1), follicular lymphoma (n = 6), small lymphocytic lymphoma (n = 2), nodal marginal zone BCL (n = 1).  
cAML (n = 18), ALL (n = 5), DLBCL (n = 7), follicular lymphoma (n = 5), angioimmunoblastic T cell lymphoma (n = 1), myelodysplastic syndrome (n = 8), multiple 
myeloma (n = 5), ATLL (n = 1), complicated hematopoietic stem cell transplant patient (n = 4).
ALL – acute lymphocytic leukemia; AML – acute myeloid leukemia; ATLL – acute T cell leukemia/lymphoma; BCL – B cell lymphoma; CLL – chronic lymphocytic 
leukemia; DLBCL – diffuse large B cell lymphoma; FFPE – formalin-fixed paraffin-embedded; NHL – non-Hodgkin lymphoma 

Fig. 1. Systematic search of PubMed and the Web of Science re-
turned a total of 131 studies. After review of titles, abstracts, and 
full-text, 10 studies were included in this review 
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ed with lymphocyte counts in CLL samples (p < 0.0001). In 
the same study, evaluation of formalin-fixed, paraffin-em-
bedded lymph node biopsies from CLL patients demon-
strated tissue HMGB1 expression to be decreased in the 
nucleus and increased in the cytoplasm (p < 0.001). Overall 
HMGB1 expression in CLL patients was decreased, when 
compared to reactive lymph node controls (p < 0.001). 
Interestingly, while decreased overall intratumoural 
HMGB1 expression was associated with a poor prognosis, 
an increase in the number of cells expressing HMGB1 in 
the cytoplasm was also associated with shorter survival  
(p = 0.0303). Additionally, this was the only included study 
to concurrently investigate RAGE. Immunohistochemical 
evaluation demonstrated RAGE to be similarly expressed 
in the microenvironment stromal cells in both CLL tissue 
and controls.

Meyer et al. [19] analysed the expression of HMGB1 us-
ing reverse transcription PCR and immunohistochemistry 
in lymph nodes from patients with various types of NHL, 
including diffuse large B-cell lymphoma (DLBCL; n = 8), 
anaplastic large T-cell lymphoma (n = 1), follicular lym-
phoma (n = 6), small lymphocytic lymphoma (n = 2), and 
marginal zone lymphoma (n = 1). Levels of HMGB1 mRNA 
in lymphoma samples demonstrated marked variability 
with no correlation by malignant grade, though 11 of the 
18 NHLs expressed higher levels than the average of the 
benign lymph node controls. HMGB1 protein expression 
was observed to be restricted to the lymphoma cells in the 
tissue sections. Another study [24] investigating HMGB1 
release from lymphoma cells observed similar variability in 
HGMB1 levels. Primary lymphoma cells were isolated from 
peripheral blood or lymph nodes of patients with lympho-

Table 2. Clinical significance of HMGB1 and RAGE in hematologic malignancies

Study Neoplasm Assay Clinical significance

Court et al. 
(2004)

AML cDNA microarray, 
real-time PCR, 
Southern blot

AML patient samples exhibited significantly higher expression of HMGB1 than controls 
(p = 0.009)

Xu et al. 
(2004)

ALL qRT-PCR, Western 
blot

HMGB1 mRNA and protein levels were increased in ALL specimens when compared to 
normal lymphocytes

Meyer et al. 
(2008)

NHL qRT-PCR, IHC HMGB1 level was higher in 11/18 lymphoma samples, compared with the average of the 
controls
In positive samples, HMGB1 was localized to the nucleus and specifically in lymphoma 
cells, not surrounding cells

Zappasodi  
et al. (2010)

NHL ELISA HMGB1 release from treated tumor cells did not statistically differ by treatment 
(doxorubicin, UVC, γ irradiation, and HS, single or combined), suggesting much variation 
in ability to emit immunogenic signaling in lymphoma cells

Nomura 
et al. (2011)

Variousa ELISA Patients with DIC associated with hematologic malignancy exhibited a decrease in 
serum HMGB1 after rTM therapy (p < 0.001)
HMGB1 correlated with other serum markers including prothrombin time, fibrinogen, 
C-reactive protein, IL-6, and TNF-α (all, p < 0.05)

Mao et al. 
(2012)

T cell 
lymphoma

IHC HMGB1 was present in the cytosol in 72% (n = 65) lymphoma cases vs. 45% (n = 18/40) 
of reactive lymphoid hyperplasia controls (p < 0.05)
Overexpression of HMGB1 was associated with tumor aggressiveness (p < 0.001) and 
clinical stage (p < 0.001)

Inoue et al. 
(2013)

Variousb ELISA NSD in serum HMGB1 between patients in complete remission vs. refractory malignancy
Malignancy complicated by SIRS had significantly higher serum HMGB1 compared with 
patients in remission (p = 0.001) or with refractory malignancy (p = 0.08)
Resolution of SIRS (n = 13) led to decreased serum HMGB1
High HMGB1 in SIRS cancer patients was associated with early death within 1 month  
(p = 0.016) 

Jia et al. 
(2014)

CLL Plasma: ELISA
LN: TMA, IHC

Plasma HMGB1 levels correlated with acute lymphocyte count (p < 0.0001) 
Decreased LN HMGB1 overall (p < 0.0001), but increased cytoplasmic expression 
Increased HMGB1-containing cells in LN was associated with shorter overall survival  
(p = 0.03) 
RAGE is strongly expressed in LN of patients with CLL 

Kimura et al. 
(2014)

ATLL ELISA HMGB1 tended to be higher in ATLL plasma than healthy controls (p = 0.051) 

Lu et al. 
(2014)

AML qRT-PCR, Western 
blot

Increased HMGB1 expression in relapsed/refractory AML patients compared to newly 
diagnosed patients (p < 0.05)

aDLBCL (n = 8), anaplastic large T cell lymphoma (n = 1), follicular lymphoma (n = 6), small lymphocytic lymphoma (n = 2), nodal marginal zone BCL (n = 1) 
bAML (n = 18), ALL (n = 5), DLBCL (n = 7), follicular lymphoma (n = 5), angioimmunoblastic T cell lymphoma (n = 1), myelodysplastic syndrome (n = 8), multiple 
myeloma (n = 5), adult ATLL (n = 1), complicated hematopoietic stem cell transplant patient (n = 4).
ALL – acute lymphocytic leukemia; AML – acute myeloid leukemia; ATLL – acute T cell lymphocytic leukemia; BCL – B cell lymphoma; CLL – chronic lymphocytic 
leukemia; DLBCL – diffuse large B cell lymphoma; NHL – non-Hodgkin lymphoma; NSD – no significant difference; qRT-PCR – quantitative real-time polymerase 
chain reaction; rTM – recombinant thrombomodulin; SIRS – systemic inflammatory response syndrome; TMA – tissue microarray 
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plasmacytic or follicular lymphoma. When comparing cells 
from patients who responded to immunotherapy (vacci-
nation with autologous monocyte-derived DCs pulsed 
with autologous tumour cells dying after exposure to heat 
shock, γ-ray, and UVC ray) with nonresponders, no signifi-
cant difference in HMGB1 release was observed. While this 
study investigates the use of HMGB1 as a marker for re-
sponse to therapy, further studies are needed on response 
to more conventional therapeutic modalities.

Evaluation of serum from patients with various types of 
lymphoma was performed in two studies [20, 21]. Nomu-
ra et al. [20] explored the role of HMGB1 as a marker for 
disseminated intravascular coagulation (DIC) in patients 
with haematological malignancies. In patients with DIC, 
numerous platelet activation markers correlated with 
HMGB1 levels, including prothrombin time, fibrinogen, and 
C-reactive protein. Additionally, HMGB1 levels significant-
ly decreased after recombinant thrombomodulin therapy 
(p < 0.001). This study was limited by its non-comparative 
design. However, it did form the basis for further investiga-
tion regarding the possible value of HGMB1 as a biomarker 
for the outcome and development of complications in pa-
tients with haematological malignancy. Another study [21] 
investigated the role of HMGB1 in the development of sys-
temic inflammatory response syndrome (SIRS) in patients 
with haematological malignancies. Included patients were 
classified as cases with complete remission, no remission, 
or cases complicated by SIRS. Serum HMGB1 did not dif-
fer by remission status, but was found to be significantly 
higher in cases complicated by SIRS, compared to cases of 
no remission and cases of complete remission (p < 0.001 
and p = 0.008, respectively). Serum HMGB1 was seen to 
decrease in cases with improvement of SIRS (p = 0.047), 
whereas higher serum HMGB1 levels were associated with 
earlier mortality (p = 0.016). 

Two included studies investigated the clinical value of 
HMGB1 in T-cell-derived haematological malignancies [25, 
26]. Plasma HMGB1 levels collected upon admission from 
patients diagnosed with adult T-cell leukaemia tended to be 
higher than those of healthy donors (p = 0.051) [25]. While 
this study was affected by a small sample size (total, n = 
13), the mean level of HMGB1 in patients with T-cell leukae-
mias was over ten-fold higher than that of healthy donors. 
In another study [26] immunohistochemical evaluation of 
102 formalin-fixed, paraffin-embedded T-cell lymphoma 
specimens similarly demonstrated HMGB1 expression to 
be more frequently expressed in lymphoma tissue than 
in biopsies of reactive lymphoid hyperplasia (p < 0.01). No 
correlation was found between expressions of HMGB1 and 
gender, age, or tumour location. Overexpression of HMGB1 
was found to be associated with tumour aggressiveness  
(p < 0.001), graded according to the 2008 WHO Classifica-
tion of Tumours of Haematopoietic and Lymphoid Tissue, 
with low-grade, aggressive, and highly-aggressive tumours 
positively expressing HMGB1 in 32.3%, 71.4%, and 100% of 
the cases, respectively. HMGB1 was also associated with 
tumour stage (p < 0.001), with expression being observed 
in 49.3% of stage I/II lymphomas and in 96.8% of stage III/
IV lymphomas.

Discussion

The included studies exhibited marked variation in the 
type of haematological malignancy and the clinical aspect 
studied. There is a marked paucity in the literature, partic-
ularly with regards to studies investigating the clinical val-
ue of RAGE in haematological malignancies. However, the 
studies that evaluated HMGB1 concur in that this molecule 
is aberrantly expressed in patients with haematological 
malignancies. While the majority of studies suggest HMGB1 
levels to be increased in malignant conditions, when com-
pared to controls, Jia et al. [23] observed an overall decrease 
in lymph node HMGB1 expression, but a marked increase in 
the number of cells exhibiting cytoplasmic expression. This 
could be due to the dual function of HGMB1 as a nuclear 
structural protein and as an inflammatory signalling mol-
ecule [3], with a shift toward the latter in cancerous states. 

Overall, the included studies offer incipient evidence 
on the clinical value of HMGB1 in haematological malig-
nancies. Numerous avenues for future research pursuit are 
raised, rather than confirming any specific clinical use for 
HMGB1. Only one included study investigated the poten-
tial relationship between HMGB1 expression and survival 
[23]. The predictive value of HMGB1 in patient survival is 
still unclear, and further exploration is warranted. 

Zappasodi et al. [24] investigated HMGB1 levels as 
a marker for response to immunotherapy. However, study 
on the value of HMGB1 in more conventional chemother-
apy and/or radiotherapy modalities, should be performed. 
In lower rectal cancer, HMGB1 immunostaining was previ-
ously shown to correlate with resistance of preoperative 
chemoradiotherapy, with higher expression indicating 
a poorer response to chemoradiotherapy [32]. Such investi-
gation could prove useful in clinical prediction of response 
to therapy in patients with haematological malignancies. 
Moreover, HMGB1 has a potential role as a biomarker for 
the prediction of certain complications seen in these pa-
tients. Early evidence is suggestive of a role of HMGB1 in 
DIC [20] and SIRS [21], although to date no large retrospec-
tive study nor prospective trial has been performed.

Lastly, HMGB1 offers potential for the development of 
targeted therapies. Its suggested role in oncogenesis and 
tumour progression [17] makes it an attractive target for ad-
juvant therapy. In vitro blockade of HMGB1 signalling using 
anti-HMGB1 and anti-RAGE antibodies inhibited differenti-
ation of CLL cells into nurse-like cells, a cellular phenotype 
associated with shorter overall survival in CLL patients. 

Conclusions

Early research on HMGB1 and RAGE is highly encourag-
ing and suggestive, making further investigation of these 
venues promising. The current literature suggests that 
there is potential for the application of these molecules in 
multiple clinical modalities.
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