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Purpose: Hemophagocytic lymphohistiocytosis (HLH) is a potentially lethal hyperinflam-

matory disorder. For further understanding of the pathogenesis of HLH, we examined serum

levels of high mobility group box protein 1 (HMGB1) in children with HLH.

Patients and methods: Serum HMGB1 levels were measured in 28 patients with HLH

and 6 normal controls using a quantitative enzyme-linked immunosorbent assay. The patients

were 21 boys and 7 girls, aged from 10 days to 21 years, with a median age of 8.5 years. The

underlying conditions of HLH were infection-associated HLH in 18 patients, malignancy-

associated HLH in 7 patients, and genetic HLH in 3 patients. The relations between serum

HMGB1 levels and clinical symptoms and laboratory parameters were analyzed.

Results: Serum HMGB1 levels were significantly higher in patients with HLH than in

normal controls (median, 6.5 ng/mL, interquartile range, 4.25–13.1). The serial serum

HMGB1 levels in one patient fell to reflect the disease activity. Serum HMGB1 levels

were significantly higher in patients with disseminated intravascular coagulation (DIC)

than in patients without DIC (p<0.001) and were also significantly higher in patients with

central nervous system (CNS) complications than in patients without CNS complications

(p<0.01). Serum HMGB1 levels were positively correlated with aspartate aminotransferase

(rs =0.48, p<0.01, Spearman’s rank correlation coefficient) and negatively correlated with

fibrinogen (rs = −0.475, p=0.011) and hemoglobin (rs = −0.465, p=0.013).

Conclusion: Serum HMGB1 levels reflect clinical features of childhood HLH. HMGB1 is a

potential mediator involved in the pathogenesis and determining the clinical findings of

HLH.
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Introduction
High mobility group box protein 1 (HMGB1) is a nonhistone nuclear protein that has

a dual function.1 Inside the cell, HMGB1 binds DNA, regulating transcription and

determining chromosomal architecture. In the extracellular milieu, HMGB1 is known

as a prototypical alarmin activating inflammation and innate immunity,2 which was

first identified as a novel lethal mediator of sepsis.3 HMGB1 can be released actively

from innate immune cells in response to pathogenic products and passively from

injured or dying cells. Until now, HMGB1 has been reported to be involved in the

pathophysiology of various infectious and noninfectious inflammatory disorders.4

Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening hyperinflam-

matory syndrome. Hypercytokinemia secreted from dysregulated hyperactivated
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monocytes, macrophages, T cells and NK cells has been

reported to play a major role in HLH.5 It has been recently

revealed that alarmin and innate immunity play an impor-

tant role in the pathogenesis of both primary and second-

ary HLH.6,7 There have been only three reports of serum

or plasma HMGB1 levels in patients with HLH or macro-

phage activation syndrome,8–10 and further investigations

are needed to define the involvement of HMGB1 in the

pathophysiology of HLH.

In this study, we examined serum levels of HMGB1 in

28 children with HLH and analyzed their relation to clin-

ical symptoms and laboratory parameters.

Materials and methods
Patients
Serum HMGB1 levels were analyzed in 28 patients who

were diagnosed as having HLH in the Wakayama Medical

University Hospital between 2006 and 2016 according to

the diagnostic criteria of HLH 2004.11 We also analyzed

blood samples from six, healthy five-year-old children

who underwent a preschool check-up. Written informed

consent was obtained from their guardians. This study was

approved by the institutional review board. The study was

explained to the patients and their guardians, and a

Website with additional information and including an

opt-out option was set up for the study. Clinical data

about patient characteristics, underlying conditions and

triggers for HLH, clinical symptoms, laboratory para-

meters at the time of HLH diagnosis, and outcome were

collected by reviewing the patients’ medical records.

Central nervous system (CNS) complications were defined

by altered consciousness level or seizures. Disseminated

intravascular coagulation (DIC) was diagnosed by the

Japanese Ministry of Health and Welfare DIC criteria.12

Respiratory complications were defined by the need for

oxygen inhalation. Infections were diagnosed by micro-

biological, serological, or molecular biological methods.

Measurement of HMGB1
Blood samples were collected from the patients at the time

of diagnosis of HLH and before specific treatment for

HLH. Serial serum HMGB1 levels were measured in one

patient. Whole blood collected in nonheparinized tubes

was left to clot at room temperature for 30 min before

centrifugation at 3000 rpm for 15 min. The serum fractions

were stored at −80 °C until the time of assay. Serum

HMGB1 concentrations were determined using a

quantitative enzyme-linked immunosorbent assay (Shino-

Test Corporation, Tokyo, Japan). We also analyzed blood

samples from six healthy children.

Statistical analysis
Continuous variables (serum HMGB1 levels and laboratory

parameters) are presented as medians and interquartile

ranges. The Mann–Whitney U test was used to test for

differences. We considered p<0.05 to indicate a statistically

significant difference. Correlations with serum HMGB1

levels and laboratory parameters were expressed by

Spearman’s rank correlation coefficient, where rs >0.4 was

considered to indicate a significant correlation. All statisti-

cal analyses were performed with EZR (Saitama Medical

Center, Jichi Medical University, Saitama, Japan), which is

a graphical user interface for R (The R foundation for

Statistical Computing, Vienna, Austria).13

Results
Patient characteristics
Patient characteristics and clinical symptoms are shown in

Table 1. The patients were 21 boys and 7 girls, aged from

10 days to 21 years, with a median age of 8.5 years. The

underlying conditions of HLHwere infection-associated HLH

in 18 patients, malignancy-associated HLH in 7 patients

(subdivided into two categories: 2 with malignancy-triggered

HLH and 5 with HLH during chemotherapy),14 and genetic

HLH in 3 patients. All patients were treated with immunosup-

pressive drugs and intensive support therapy. One patient

(patient 9) died of multiple organ failure, and one patient

(patient 23) died of acute respiratory distress syndrome.

Serum HMGB1 levels
Serum HMGB1 levels in patients with HLH are shown in

Table 1. The levels were significantly higher in patients

with HLH than in normal controls (median [mini–max]

6.5 [1.1–574] vs 0.25 [0.2–0.4], p<0.01). The serum

HMGB1 levels in patient 4 fell to reflect the disease activity

(Figure 1). The serum HMGB1 levels did not significantly

differ among the individual types of HLH. Strikingly high

levels of HMGB1 (>100 ng/mL) were seen in 3 of the 28

patients (11%): patient 6, 24, and 26.

HMGB1 and clinical symptoms
CNS complications and DIC were seen in 10 (35.7%) and 15

(53.6%) patients, respectively (Table 1). Serum HMGB1

levels were significantly higher in patients with DIC than in
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patients without DIC and were also significantly higher in

patients with CNS complications than in those without CNS

complications (Figure 2). Among the patients with strikingly

high HMGB1 levels, patient 6 had complicated mild leukoen-

cephalopathy revealed by magnetic resonance imaging (MRI)

and required exchange transfusion in addition to methylpred-

nisolone pulse therapy. Patient 24 had complicated moderate

leukoencephalopathy resulting in CNS sequelae and required

mechanical ventilation and hemodialysis. Serum HMGB1

levels were not related to respiratory complications, the

requirement of inotropic agents, or survival.

HMGB1 and laboratory parameters
Correlations between serum HMGB1 levels and laboratory

parameters are shown in Table 2. Serum HMGB1 levels in

HLH patients were positively correlated with aspartate

aminotransferase (AST) (rs =0.48, p<0.01) and negatively

correlated with fibrinogen (rs = −0.475, p=0.011) and

hemoglobin (rs = −0.465, p=0.013).

Discussion
It has recently become clear that alarmins play an

important role in the induction of sterile and nonsterile

Table 1 Patients characteristics, clinical symptoms, and serum HMGB1 levels

Patient No. Age Sex Underlying conditions/triggers HMGB1 CNS DIC Oxygen Inotropic agents Death

[infection-associated HLH]

1 2 Y 4 M Male EBV 6.7 + − − − −

2 1 Y 6 M Male EBV 5.9 + + + − −

3 11 M Male EBV 4.9 + + + − −

4 4 Y Male EBV 83.3 − + − − −

5 10 Y Male Adenovirus 1.5 − − − − −

6 10 days Female HSV-1 (systemic infection) 358.8 + + + + −

7 12 Y Male Mycoplasma pneumoniae 2.9 − − + + −

8 6 Y Male Mycoplasma pneumoniae 7.2 − − − − −

9 1 Y 4 M Male Norovirus 19.4 + + + − +

10 13 Y Male ? 8.8 − + − − −

11 10 Y Male ? 1.1 − − − − −

12 11 M Male ? 42.7 + + − − −

13 16 Y Male ? 3.1 − + − − −

14 12 Y Female ? 1.3 − − − − −

15 2 M Male ? 9.3 + + + − −

16 12 Y Male ? 4.5 − − − − −

17 11 Y Female ? 5.4 − + − − −

18 15 Y Male ? 3.5 − − − − −

[malignancy-triggered HLH]

19 14 Y Female Anaplastic large cell lymphoma 6 − − − − −

20 16 Y Male Ewing’s sarcoma 11 − + − − −

[HLH during chemotherapy]

21 10 Y Female AML (HSV-1 gingivitis) 6.3 − − − − −

22 21 Y Female ALL (Klebsiella pneumoniae) 5.4 − − − − −

23 10 M Male ALL (RSV) 3.5 − − + + +

24 3 Y Female Hepatoblastoma (enterovirus) 238.6 + + + + −

25 3 Y Male Neuroblastoma (?) 8.9 − + − − −

[genetic HLH]

26 6 M Male UNC13D deficiency 574 + + − − −

27 2 M Male UNC13D deficiency 7.7 + − − − −

28 15 Y Male XIAP deficiency 25.8 − + − − −

Abbreviations: HMGB1, serum HMGB1 level (ng/mL); CNS, central nervous system complications; DIC, disseminated intravascular coagulation; Oxygen, requirement of

oxygen inhalation; inotropic agents, requirement of inotropic agents; EBV, Epstein-Barr virus; HSV-1, herpes simplex virus type 1; ?, no cause found; AML, acute myelogenous

leukemia; ALL, acute lymphoblastic leukemia; Y, years; M, months.
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inflammation.2 The pathogenesis of HLH has been elu-

cidated from the viewpoint of defective cytotoxicity of

cytotoxic T cells and NK cells.5 The role of alarmins in

inducing additional inflammation in HLH has recently

received attention.6 HMGB1 is a potent alarmin that

activates inflammation and innate immunity, and it is

expected to be a molecular target for therapy of various

inflammatory disorders including HLH.15,16 We con-

ducted our study on this background, particularly

focusing on the relations between serum HMGB1

levels and clinical symptoms and laboratory

parameters.

Serum HMGB1 values in the patients of this study had

a broad range from 1.1 to 574 ng/mL. The median level

was almost the same as those in previous reports,8–10 but

extremely high serum HMGB1 levels were seen in three

patients (11%). Although these three patients recovered

from HLH, two of them experienced a severe clinical

course of HLH. The present study did not show that

serum HMGB1 levels were correlated with outcome, but

in cases of severe HLH, the presence of strikingly high

levels of HMGB1 should be taken into account in manage-

ment of the disease. Also, from the findings that the serial

serum HMGB1 levels fell to reflect the disease activity in

Figure 1 Clinical course of patient 4: Epstein-Barr virus infection-associated hemophagocytic lymphohistiocytosis.

Figure 2 (A) Comparison of serum high mobility group box protein 1 (HMGB1) levels between patients with (median 11.0, IQR 7.35–63.0) and without (median 4.5, IQR

2.9–6.3) disseminated intravascular coagulation (DIC). (B) Comparison of serum HMGB1 levels between patients with (median 14.35, IQR 6.96–189.6) and without (median

5.4, IQR 3.2–8.4) central nervous system (CNS) complications.
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patient 4 (Figure 1), serum HMGB1 levels may be a useful

biomarker in HLH.

Interestingly, our results showed that serum HMGB1

levels are associated with two important clinical symp-

toms, DIC and CNS complications, which are considered

to be the prognostic factors of HLH.17,18

In this study, serum HMGB1 levels significantly dif-

fered between patients with and without DIC. The

mechanisms by which alarmins trigger DIC have been

elucidated. HMGB1 triggers cell surface expression of

tissue factors on monocytes, extrusion of neutrophil extra-

cellular traps, and inhibition of the anticoagulant protein C

pathway.19 Although increased fibrinolysis and decreased

fibrinogen production in liver damage have been discussed

in relation to coagulopathy in HLH,20,21 our present study

showed that HMGB1 may also play an important role in

the development of DIC in children with HLH.

The mechanisms by which systemic inflammation

causes CNS damage have been studied, particularly in a

model of sepsis-induced encephalopathy. In this model,

HMGB1 may be one of the mediators that cause neuroax-

onal damage; thus, anti-HMGB1 antibody is a potential

new treatment strategy.22 Interestingly in our study, serum

HMGB1 levels were significantly higher in patients with

CNS complications than in patients without CNS compli-

cations. Also, leukoencephalopathy was revealed by MRI

in two of the three patients who exhibited strikingly high

serum HMGB1 levels. Although further study in a large

cohort is needed, our results suggest that serum HMGB1

may be related to CNS complications in HLH.

Only one report has assessed correlations between

serum HMGB1 levels and laboratory parameters. Wang

et al reported positive correlations of HMGB1 levels

with soluble CD25 and erythrocyte sedimentation rate.9

In our study, serum HMGB1 levels were correlated with

AST, fibrinogen, and hemoglobin levels. However, these

findings must be interpreted cautiously because our sample

size was small. Further study in a large cohort is needed to

determine which parameters are correlated with HMGB1.

Our present study has three limitations. First, our

patient cohort was small because of the rarity of HLH.

Second, we measured total HMGB1 levels but did not

consider HMGB1 isoforms, ie, the redox states of the

three cysteines of HMGB1 and the acetylation states of

the lysine residues of HMGB1. Because the redox iso-

forms of HMGB1 determine its specific activities, such

as chemoattractant activity and cytokine-inducing activity,

via interactions with different receptors, and because the

acetylation isoforms could originate by passive release

from dying cells or active release from NK cells and

monocytes, a more precise analysis of HMGB1 in HLH

is available by assessing these isoforms as previously

described by Palmblad et al.8 Third, we could not enroll

a control group comprising patients with infection, malig-

nancy, and systemic inflammatory response syndrome who

did not develop HLH. Thus, we could not precisely ana-

lyze whether serum HMGB1 is derived from inflammation

specific to HLH or damaged cells.

Conclusion
In conclusion, the present study showed that serum

HMGB1 levels reflect clinical features of childhood

HLH. HMGB1 is a potential mediator involved in the

pathogenesis and determining the clinical findings

of HLH.
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Table 2 Laboratory parameters and correlation with HMGB1

Median IQR Correlation

with HMGB1*

rs p-value

HMGB1 (ng/mL) 6.5 4.25–13.1 – –

AST (IU/L) 111 52–355 0.48 <0.01

Fibrinogen (mg/dl) 236 148−378 −0.475 0.011

Hb (g/dl) 11.1 8.7−12.5 −0.465 0.013

ALT (IU/L) 105 38−323 0.399 0.04

Ferritin (ng/mL) 2499 1316−13,910 0.363 0.057

Triglyceride (mg/dl) 178 117−290 0.361 0.059

LDH (IU/L) 637 502−1483 0.348 0.07

sFDP (μg/mL) 17.7 6.3−60.0 0.314 0.1

sIL-2R (U/mL) 2702 1602−7482 0.263 0.18

Albumin (g/dl) 3.1 2.6−3.7 –0.24 0.22

WBC (/μl) 3325 1663−8325 0.233 0.23

T.Bil (mg/dl) 0.75 0.5−1.2 0.211 0.28

PLT (×104/μl) 7.4 3.4−11.0 –0.179 0.36

Na (mEq/L) 133 129−136.5 0.178 0.37

Creatinine (mg/dl) 0.45 0.3−0.61 –0.173 0.38

CRP (mg/dl) 1.71 0.87−10.11 –0.124 0.53

Note: *Spearman’s rank correlation coefficient.

Abbreviations: HMGB1, high mobility group box protein 1; IQR, interquartile

range; AST, aspartate aminotransferase; Hb, hemoglobin; ALT, alanine transaminase;

LDH, lactate dehydrogenase; sFDP, serum fibrin degraded products; sIL-2R, soluble

interleukin-2 receptor; WBC, white blood cells; T.Bil, total bilirubin; PLT, platelets;

CRP, C-reactive protein.
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