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Elevated HMGB1-related interleukin-6 is associated with 
dynamic responses of monocytes in patients with active 
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Abstract: There were limited studies assessing the role of HMGB1 in TB infection. In this prospective study, we aimed 
to assess the levels of HMGB1 in plasma or sputum from active pulmonary tuberculosis (APTB) patients positive 
for Mtb culture test, and to evaluate its relationship with inflammatory cytokines and innate immune cells. A total of 
36 sputum Mtb culture positive APTB patients and 32 healthy volunteers (HV) were included. Differentiated THP-1 
cells were treated for 6, 12 and 24 hrs with BCG at a multiplicity of infection of 10. The absolute values and percent-
ages of white blood cells (WBC), neutrophils, lymphocytes, and monocytes were detected by an automatic blood 
analyzer. Levels of HMGB1, IL-6, IL-10 and TNF-α in plasma, sputum, or cell culture supernatant were measured by 
ELISA. The blood levels of HMGB1, IL-6, IL-10 and TNF-α, the absolute values of WBC, monocytes and neutrophils, 
and the percentage of monocytes were significant higher in APTB patients than those in HV groups (P<0.05). The 
sputum levels of HMGB1, IL-10, and TNF-α were also significantly higher in APTB patients than those in HV groups 
(P<0.05). Meanwhile, plasma level of HMGB1, IL-6, and IL-10 in APTB patients were positively correlated with those 
in sputum (P<0.05), respectively. IL-6 was positively correlated with HMGB1 both in plasma and sputum of APTB 
patients (P<0.05). HMGB1 and IL-6 is positively correlated with the absolute number of monocytes in APTB patients 
(P<0.05). BCG induced HMGB1, IL-6, IL-10 and TNF-α production effectively in PMA-treated THP-1 cells. HMGB1 
may be used as an attractive biomarker for APTB diagnosis and prognosis and may reflect the inflammatory status 
of monocytes in patients with APTB.

Keywords: Active pulmonary tuberculosis, infection, cytokines, HMGB1, immunity

Introduction

Tuberculosis (TB) remains a global health prob-
lem. It has been estimated that 8.6 million indi-
viduals worldwide developed TB and more than 
1.3 million died from TB-related disease, in 
2012 [1, 2]. In China, TB infection incidence 
has been estimated as 50~124 cases per 
100,000 inhabitants per year [1]. The rapid and 
accurate detection of TB still relies on sputum 
smear microscopy and culture in a well-man-
aged and equipped laboratory network, 
although it takes weeks to the result. The prog-
nosis of the TB disease depends on the ability 
of the host to eliminate the mycobacterium 

tuberculosis (MTB). In the removal process, 
innate immune cells, adaptive immune cells 
and inflammatory cytokines, etc. play important 
roles.

HMGB1 (previously HMG1; HMG-1; HMG 1; 
amphoterin; p30), an inflammatory cytokines, 
functions in nucleus (e.g., nucleosome stability, 
genome chromatinization, nuclear catastrophe, 
DNA binding, V (D) J recombination, DNA repli-
cation, telomere stability and gene transcrip-
tion), cytoplasm (e.g., autophagy, unconvention-
al secretory pathway), membranes (e.g., neurite 
outgrowth, platelet activation, cell differentia-
tion, erythroid maturation, adhesion and innate 
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immunity) and extracellular environment (e.g., 
inflammation, immunity, migration, invasion, 
proliferation, differentiation, antimicrobial de- 
fense and tissue regeneration) [3-7]. Especially, 
extracellular HMGB1, released by immune cells 
(e.g., macrophages, monocytes, neutrophils, 
DCs, NKs), fibroblasts, or epithelial cells, func-
tions as a DAMP to alert the innate immune sys-
tem by recruiting inflammatory cells in lung dis-
ease (e.g., asthma, COPD, acute respiratory 
distress syndrome, cystic fibrosis, pneumonia, 
acute lung injury and lung cancer) [3, 8-13]. 
Notably, extracellular HMGB1 also functions as 
an immune adjuvant to trigger a robust 
response of T cells, dendritic cells, and endo-
thelial cells [3, 14-18]. It is well established 
that HMGB1 as a pro-inflammatory cytokine in 
many inflammatory diseases [3]. Extracellular 
or blood HMGB1 levels were found increased in 
patients with juvenile idiopathic arthritis, atrial 
fibrillation, gastric cancer, and septic shock, 
and closely associated with the clinical and 
pathologic features [19-22]. In addition, sup-
pression of HMGB1 release and/or activity sig-
nificantly decreased the inflammatory res- 
ponse, tissue injury, and death in animals [3, 
23-25]. These properties of HMGB1 make it an 
attractive biomarker and therapeutic target. 
Therefore, there are many translational studies 
ongoing to assess the feasibility of HMGB1 sup-
pression as therapeutic strategies for inflam-
matory diseases [3, 13, 26-28]. 

Recently, Grover et al. reported that HMGB1, 
independent of its interaction with receptor for 
advanced glycation end products (RAGE), 
enhanced the protective efficacy and cellular 
immune response of TB subunit vaccines as an 
adjuvant [29]. Currently, only limited informa-
tion is available about the role of HMGB1 in TB 
infection. Hence, in this prospective study, we 
aimed to assess whether HMGB1 is detectable 
or mutative both in plasma and sputum of 
active pulmonary tuberculosis (APTB) patients 
positive for Mtb culture test, and to evaluate its 
relationship with inflammatory cytokines (e.g., 
IL-6, IL-10 and TNF-α) and innate immune cells 
(e.g., monocytes and neutrophils).

Subjects and methods

Subjects 

A total of 36 sputum Mtb culture positive APTB 
patients and 32 healthy volunteers (HV) were 
recruited from April 2013 to April 2014 in 

Dongguan 6th People’s Hospital (Dongguan, 
China) with the following inclusion/exclusion 
criteria [30]. All subjects were MTB positive in 
sputum culture test. Age, gender, tuberculin 
skin test, fever and smoking status were 
obtained at the screening evaluation. Subjects 
with HIV infection, diabetes, cancer, autoim-
mune diseases, immunosuppressive treat-
ment, or pulmonary tuberculosis history were 
excluded from the study. The study was 
approved by the Internal Review and the Ethics 
Boards of Guangdong Medical College and 
Dongguang 6th People’s Hospital, and informed 
consent was obtained from all study subjects.

Plasma and sputum preparation

After registering eligible, patients were asked to 
rinse their mouth with water and bloods and 
sputum concomitantly samples were collected. 
6 mL blood was drawn into anticoagulated 
tubes (Improve medical, Guangzhou, china). 
One third of the blood samples were used to 
analyze counts and percentages of WBC, neu-
trophils, lymphocytes, and monocytes by an 
automatic blood analyzer (UniCel DxC 800 
Synchron, Beckman coulter, California, USA). 
Remaining blood samples were centrifuged at 
1500 rpm for 15 min, and plasma samples 
were collected and stored at -80°C until analy-
sis. Induced sputum collection was done 2 hrs 
later. After brushing teeth and rinsing mouth, 
patients were instructed to inhale sterile 3% 
saline for up to 30 min via a disposable sputum 
suction device (Hangzhou Medtec Medical 
Devices, Hangzhou, China) completed by nurs-
es. Sputum samples were collected directly 
into 50 ml sterile disposable polypropylene 
centrifuge tubes (Corning incorporated, NY, 
USA) and processed within 2 hrs of collection 
as described previously [31] with minor modifi-
cations. Briefly, sputum was diluted with an 
equal amount of Hank’s solution containing 
0.1% dithiothreitol and incubated on a rocking 
platform for 15 min at room temperature to 
digest mucus. Following digestion, half of the 
sputum digests were removed for AFB smear 
and quantitative culture. Remaining sputum 
digests were centrifuged at 1500 rpm and fil-
tered with 0.22 μm disposable filters (Millipore, 
MA, USA) to sediment cellular or bacterial con-
stituents and stored at -80°C until analysis. 
Sputum specimens from healthy control sub-
jects (induced sputum only) were collected and 
processed following the same procedure as 
that of APTB patients. 
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Infection of THP-1 cell line with BCG

M. bovis BCG was obtained from Zheng W. 
Chen laboratories, University of Illinois College 
of Medicine, Chicago, Illinois, USA. Myco- 
bacterial strains were grown to mid-log phase 
in MB7H9 medium supplemented with albu-
min-dextrose-catalase (1×), glycerol (0.5%) and 
Tween 80 (0.05%) according to the method 
described by Huang et al [32]. PBS stocks were 
prepared and stored at -80°C until further use. 
The CFU of stocks was enumerated by plating 
appropriate dilutions in duplicates on MB7H11 
agar supplemented with oleic acid-albumin-
dextrose-catalase (1×) and glycerol (0.5%) [32]. 
THP-1 cells were obtained from cell bank of 
Chinese Academy of Sciences, Shanghai, 
China, and were maintained in RPMI 1640 
medium supplemented with 10% fetal bovine 
serum, 100 units/ml penicillin, and 100 μg/ml 
streptomycin at 37°C in a humidified incubator 
with 5% CO2. The cells were seeded in 6-well 
microplates at a concentration of 1×106 cells/
well followed by adding 100 nM PMA for 24 hrs 
to induce the cells differentiation into macro-
phages. Differentiated THP-1 cells were treated 
for 6, 12 and 24 hrs with heat-inactivated BCG 
at a multiplicity of infection of 10. 1 μg/ml lipo-
polysaccharide (LPS) was used as positive con-
trol and PBS was used as negative control. 
After culture for an indicated period, cell culture 
supernatants were collected and filtered 
through a 0.22 μm filter, and stored at -80°C 
until analysis. 

ELISA detection

Cytokines were measured in the plasma, spu-
tum and cell culture supernatant samples using 
human HMGB1 ELISA Kit (Bluegene Biotech, 
Shanghai, China) and human IL-6, IL-10 and 
TNF-α ELISA Kit (RayBiotech, Atlanta, USA) 

according to the manufac-
turer’s instructions. Cell cul- 
ture supernatant was dilut-
ed 1:10. Plasma and pro-
cessed sputum were used 
as an undiluted specimen.

Statistical analysis

Normality test was first per-
formed to decide whether 
the data were in normal dis-
tribution. Data were shown 
in Mean ± SEM (standard 

Table 1. Demographics of subjects included in the study
Groups APTB HV t/x2 P
n 36 32
Age, years 38.550±1.610 37.210±1.520 0.6010 >0.05
Male/Female 20/16 17/15 0.040 >0.05
Smoking (ever), n (%) 5 (13.9) 3 (9.4)
New/Relapsed 28/8 -
TST, ≥10 mm, n (%) 36 (100) 0 (0)
AFB Smear-positive, n (%) 36 (100) 0 (0)
Fever, n (%) 0 (0) 0 (0)
TST = Tuberculin skin test; AFB = Acid-fast bacilli.

error of the mean, SEM). Student’s t-test or 
ANOVA (analysis of variance, ANOVA) were 
employed to compare the differences of mea-
sured data, and Pearson correlation was used 
to measure the degree of dependency between 
variables by the GraphPad Prism version 5.0 
software (GraphPad Software Inc., San Diego, 
CA, USA). A P value of less than 0.05 was con-
sidered as statistical significant.

Results

Characteristics of the subjects included in the 
study

We prospectively enrolled 68 subjects. Among 
them, 36 cases were active pulmonary tubercu-
losis (APTB) and 32 cases were healthy volun-
teers (HV). The demographic and clinical char-
acteristics for all study subjects are shown in 
Table 1. No significant difference in terms of 
age and gender was noted between APTB and 
HV groups. Among APTB patients, 100% 
(36/36) of them were MTB positive by sputum 
smear analysis, 77.8% (28/36) of them were 
newly APTB patients, and 100% (36/36) of 
them were positive for tuberculin skin test (TST) 
(induration diameter ≥10 mm). 

HMGB1, IL-6, IL-10 and TNF-α are increased 
both in plasma and sputum of APTB patients

It has been reported that during lung disease 
like asthma, COPD, acute respiratory distress 
syndrome, cystic fibrosis, pneumonia and lung 
cancer, blood HMGB1 levels are increased and 
correlates with disease severity [3, 8-13]. 
Additionally, HMGB1 production is increased in 
sputum and contributes to inflammatory 
response and lung matrix degradation in cystic 
fibrosis airway disease [11, 33]. Therefore, we 
evaluated the level of HMGB1 in both plasma 



HMGB1 handling IL-6 and tuberculosis

1344 Int J Clin Exp Pathol 2015;8(2):1341-1353

and sputum, in 36 APTB patients and 32 HV 
subjects. At the same time, levels of IL-6, IL-10 
and TNF-α in plasma and sputum were also 
analyzed to evaluate inflammatory response in 
blood and airways or lung parenchyma. 

Results showed that plasma level of HMGB1 
(1.68-fold) of APTB patients were significantly 
higher than those in HV groups (Figure 1A). We 
also found increased plasma levels of IL-6 
(1.86-fold), IL-10 (1.44 folds) and TNF-α (1.63-
fold) in APTB patients (Figure 1B-D), which was 
consistent with previously published studies on 
TB patients [34, 35]. Notably, sputum levels of 
HMGB1 (1.82-fold), IL-10 (1.59-fold), and TNF-α 
(2.18-fold) were significantly higher than those 
in HV groups (Figure 1A-D). Interestingly, levels 
of HMGB1 (1.27-fold), IL-10 (1.30-fold), and 
TNF-α (1.50-fold) were also significantly higher 
in sputum than those in plasma in APTB 

patients. However, sputum level of IL-16 (-1.58-
fold) was significantly lower than that in plasma 
in APTB patients. No significant differences in 
these cytokines were found between plasma 
and sputum HV groups (Figure 1A-D).

These results suggested that HMGB1, IL-10, 
and TNF-α may be involved in a dynamic inflam-
matory response to TB infection in blood and 
airways (or lung parenchyma). Especially in air-
ways, released HMGB1, IL-10, and TNF-α may 
be a useful marker for assessing the airways or 
lung parenchyma inflammatory response to TB 
infection. 

Plasma level of HMGB1, IL-6 and IL-10 in APTB 
patients are positive correlate to themselves in 
sputum, respectively 

We further investigated correlations of plasma 
levels of HMGB1, IL-6, IL-10, and TNF-α with 

Figure 1. Abundance of HMGB1, IL-6, IL-10 and TNF-α both in plasma and sputum of APTB patients. ELISA was 
performed in concomitantly collected plasma and sputum samples. Plasma and sputum HMGB1 (A), IL-6 (B), IL-10 
(C) and TNF-α (D) were significantly increased in APTB patients (n=36) compared to HV (n=32). Data were shown as 
Mean ± SEM. *, P<0.05; **, P<0.01; ***, P<0.0001. 
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those in sputum, in either APTB patients or HV 
groups (Figure 2A and 2B). Interestingly, plas-
ma levels of HMGB1, IL-6, and IL-10, but not 
TNF-α, were positively correlated with those in 
sputum after TB infection (Figure 2A and 2B).

These results suggested that ele-
vated level of HMGB1, IL-6, and 
IL-10 in plasma may be closely 
related to the activity of inflamma-
tory response caused by TB infec-
tion. They also suggested HMGB1, 
IL-6, and IL-10 may share some 
similar response pathway to TB 
infection, although the abundance 
of IL-6 levels between plasma and 
sputum was inconsistent with the 
abundance of HMGB1 and IL-10 
(Figure 1).

IL-6 positively correlates with 
HMGB1 in both plasma and spu-
tum of APTB patients

In order to explore the relationship 
among the inflammatory cyto-
kines, correlations of HMGB1, IL-6, 
IL-10, and TNF-α levels with each 
other were analyzed in either plas-
ma or sputum (Figure 3A and 3B). 
Consistent with previously pub-
lished studies in disease of seve- 
re community-acquired infections 
and bacteraemia [36], plasma 
level of IL-6 showed a positive cor-
relation with HMGB1 in this study 
(Figure 3A-a). Furthermore, in line 
with the findings by Nemeth, et al. 
[37], there was a positive correla-
tion between plasma level of IL-6 
and plasma level of TNF-α in APTB 
patients (Figure 3A-b). Interestin- 
gly, similar to the findings in plas-
ma, sputum level of IL-6 displayed 
a positive correlation with sputum 
level of HMGB1 and TNF-α (Figure 
3B-a, 3B-b) respectively. While in 
plasma or sputum of APTB 
patients, level of HMGB1 had no 
correlation with level of IL-10 
(Figure 3A-c, 3B-c) or level of 
TNF-α (Figure 3A-d, 3B-d), and 
level of IL-10 also had no correla-
tion with level of TNF-α (Figure 
3A-e, 3B-e) or level of IL-6 (Figure 
3A-f, 3B-f).

Figure 2. Relationship between the plasma and sputum levels of 
HMGB1, IL-6, IL-10 and TNF-α in APTB patients and HV subjects. Cor-
relation of plasma and sputum level of HMGB1, IL-6, IL-10 and TNF-α 
in APTB patients (A) and HV subjects (B) were analysised by Pearson 
correlation using GraphPad Prism Version 5.0. Plasma levels of HMGB1 
(A-a), IL-6 (A-b) and IL-10 (A-c), but not TNF-α (A-d) in APTB patients were 
positively correlated with those in sputum, respectively. However, plas-
ma levels of HMGB1 (B-a), IL-6 (B-b), IL-10 (B-c) and TNF-α (B-d) in HV 
subjects did not correlate with those in sputum.

These results further indicated that HMGB1 
and IL-6 may share some similar or the same 
response pathway to TB infection. The above 
results also indicated the levels of different 
cytokines are fine-tuned and the delicate bal-
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Figure 3. Relationship among the levels 
of HMGB1, IL-6, IL-10 and TNF-α in plas-
ma and sputum of APTB patients. Cor-
relations among the levels of HMGB1, 
IL-6, IL-10 and TNF-α in plasma (A) 
and sputum (B) in APTB patients were 
analyzed by Pearson correlation using 
GraphPad Prism Version 5.0. Plasma 
level of HMGB1 was positively corre-
lated with plasma levels of IL-6 (A-a), 
and plasma level of TNF-α was posi-
tively correlated with plasma level of 
IL-6 (A-b). There were no significant cor-
relations between plasma HMGB1 level 
and plasma IL-10 (A-c), between plasma 
HMGB1 level and plasma TNF-α (A-d), 
between plasma TNF-α and plasma IL-
10 (A-e), and between plasma IL-6 and 
plasma IL-10 (A-f). Similarly, sputum lev-
el of HMGB1 was positively correlated 
with sputum level of IL-6 (B-a), and spu-
tum level of TNF-α was positively cor-
related with sputum level of IL-6 (B-b). 
There were no signification correlations 
between sputum HMGB1 and sputum 
IL-10 (B-c), between sputum HMGB1 
and sputum TNF-α (B-d), between spu-
tum TNF-α and sputum IL-10 (B-e), and 
between sputum IL-6 and sputum IL-10 
(B-f).

ance between the pro-inflammatory 
and anti-inflammatory cytokine sig-
naling is well established at APTB 
progression.

HMGB1 handling IL-6 may be as-
sociated with monocytes dynamic 
responses in APTB patients

It is clear that HMGB1 plays a criti-
cal role in the regulation of innate 
and adaptive immune responses 
[3, 37]. Both innate and adaptive 
immunity play important roles in 
the host defense against MTB 
infection [38-43]. In accordance 
with the findings by Veenstra, et al., 
we found the absolute WBC, mono-
cytes, and neutrophils counts were 
significantly higher, but lympho-
cytes were significantly lower in 
APTB patients compared to those 
in HV groups (Table 2). Meanwhile, 
the percentage of monocytes was 
significantly higher, but lympho-
cytes were significantly lower in 
APTB patients (Table 2). It’s worth 
noting that the absolute value of 
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blood monocytes was positively correlated to 
plasma levels of HMGB1 (Figure 4A) and IL-6 
(Figure 4B), but not IL-10 (Figure 4C) or TNF-α 
(Figure 4D).

These results suggested that HMGB1 handling 
IL-6 may be associated with monocytes dynam-
ic responses in APTB patients and also indicat-
ed that the elevation of plasma level of HMGB1 
and IL-6 may be directly related to the elevation 
of blood monocytes.

BCG induced HMGB1, IL-6, IL-10, and TNF-α 
production in PMA-treated THP-1 cells

To better address the relationship of HMGB1, 
IL-6, IL-10 and TNF-α production with mono-
cytes dynamic responses after TB infection, 
THP-1 cells that differentiated into a macro-
phage-like phenotype following the treatment 
with 100 nM PMA for 24 hrs were used to incu-
bate with BCG at a multiplicity of infection of 10 
for 6, 12 and 24 hrs. HMGB1, IL-6, IL-10 and 
TNF-α were detected in the cell culture super-
natant. LPS was used as a positive control and 
PBS was served as a negative control. As shown 
in Figure 5, BCG in accordance with LPS 
induced HMGB1, IL-6 and TNF-α, but not IL-10 
production from PMA-treated THP-1 cells in a 
time-dependent manner. HMGB1 production, 
at 24 hrs, showed 4-fold increased after BCG 
stimulated, and near 8-fold increased after LPS 
stimulation in comparison with un-stimulated 
group (Figure 5A). In accordance with HMGB1, 
IL-6 production at 24 hrs showed more than 
2-fold increase after BCG stimulation and more 
than 9-fold increase after LPS stimulation 
(Figure 5B). However, IL-10 reached the highest 
level at 12 hrs after BCG (2.4-fold) or LPS (7.5-
fold) stimulation and gradually decreased dur-

ing 12~24 hrs after BCG (1.7-fold) 
or LPS (4.9-fold) stimulation (Fig- 
ure 5C). In addition, the baseline 
TNF-α production in PMA-treated 
THP-1 cells was at a high level, and 
both BCG and LPS stimulation 
showed a near 2-fold increase at 
24 hrs (Figure 5D).

These results suggested that mo- 
nocytes like macrophage generat-
ed HMGB1, IL-6, IL-10, and TNF-α 
after TB infection, but who was the 
instigator is unknown. These re- 
sults also further supported HMG- 

Table 2. Blood cell differential of subjects (Mean ± SEM) 
Groups APTB (n=36) HV (n=32) t P
WBC, ×109/L 7.531±0.313 6.014±0.310 3.430 <0.01
Mono, ×109/L 0.4561±0.0282 0.3419±0.02611 2.949 <0.01
Lymp, ×109/L 1.337±0.221 2.031±0.209 2.266 <0.05
Neut, ×109/L 5.360±0.330 4.094±0.368 2.569 <0.05
Mono, % 7.533±0.683 5.259±0.541 2.525 <0.05
Lymp, % 20.216±2.133 30.899±2.744 3.109 <0.01
Neut, % 60.310±3.852 51.630±3.728 1.610 >0.05
WBC = white blood cells; Mono = monocytes; Lymp = lymphocytes; Neut = 
neutrophils. Groups were compared by t test with GraphPad Prism Version 
5.0. 

B1 handling IL-6 may be associated with mono-
cytes dynamic responses in APTB patients. A 
recent report showing anti-IL-6 protein inhibits 
HMGB1 by macrophage also supported our 
hypothesis [44].

Discussion

The innate cells including macrophages, mono-
cytes, dendritic cells (DCs), mast cells, neutro-
phils, eosinophils and natural killer cells were 
the majority producers of HMGB1, IL-10, TNF-α 
and IL-6 in pulmonary infection [3, 45-47]. In 
this study, for the first time to our knowledge, 
we found that HMGB1 is detectable both in 
plasma and sputum of patients positive for 
sputum Mtb culture test and it was increased in 
comparison with healthy volunteers. Moreover, 
elevated levels of IL-6, IL-10 and TNF-α were 
also detected on the corresponding subjects in 
plasma and sputum. The blood levels of IL-6, 
IL-10 and TNF-α had been shown to increase in 
patients with TB infection [34-37]. Levels of 
TNF-α and IL-10 were elevated in sputum from 
TB patients, indicating that their production 
may be a dynamic response associated with 
pulmonary infection [48, 49]. In contrast to the 
findings of TNF-α and IL-10 described above, 
level of IL-6 in sputum did not follow the same 
pattern as IFN-a, although TNF-α and IL-6 may 
be produced by macrophages and neutrophils, 
both of which represented the majority of cells 
found in sputum from TB patients and healthy 
volunteers [50]. 

Interestingly, level of HMGB1, IL-10 and TNF-α, 
but not IL-6, were significantly higher in sputum 
than those in plasma in APTB patients, sug-
gesting HMGB1, IL-10, TNF-α but not IL-6 may 
display a more dynamic inflammatory response 
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to TB infection in airways or lung parenchyma 
than blood. To better address the role of 
HMGB1 in the pathogenesis of TB infection, the 
correction of HMGB1 level between plasma 
and sputum, and correlations of HMGB1 with 
other inflammatory cytokines or blood innate 
immune cells were further evaluated. We 
showed that HMGB1 level was positively corre-
lated with IL-6 level both in plasma and sputum 
of APTB patients, at the same time, both 
HMGB1 and IL-6 were associated with mono-

cytes, but not with neutrophils or lymphocytes 
(Dates not shown) dynamic responses in APTB 
patients. These results suggested that HMGB1 
may handle IL-6 to involve in a monocytes 
dynamic inflammatory response to TB infe- 
ction.

Previous studies have demonstrated HMGB1 
mediated the inflammatory response to initiate 
by TLRs (TLR2, TLR4 and TLR9) in neutrophils, 
monocytes, and macrophages. And IL-6 de- 

Figure 4. Relationship between the plasma level of HMGB1, IL-6, IL-10 and TNF-α to the absolute values of blood 
monocytes (Mono) in APTB patients. Correlations of the absolute value of blood monocytes (Mono) in APTB patients 
with plasma levels of HMGB1 (A), IL-6 (B), IL-10 (C) and TNF-α (D) were analyzed by Pearson correlation using Graph-
Pad Prism Version 5.0. The absolute value of blood monocytes were positively correlated to plasma levels of HMGB1 
(A) and IL-6 (B), but not IL-10 (C) and TNF-α (D).
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pends on a TLR4/MyD88-dependent pathway 
involving p38 MAPK and NF-κB [46, 51, 52]. 
Therefore, HMGB1 handling IL-6 may be associ-
ated with monocytes dynamic responses after 
TB infection.

To better address that HMGB1 and IL-6 could 
co-produce by monocytes, a PMA-treated 
THP-1 cells displaying a macrophage-like phe-
notype were used. Results showed that HMGB1 
and IL-6, unlike IL-10 and TNF-α, had a similar 
generation process in PMA-treated THP-1 cells 
after BCG infection. The study of the interaction 

between HMGB1 and IL-6 has been reported in 
other disease and models. Plasma level of 
HMGB1 positively correlated with plasma level 
of IL-6 in patients with suspected community-
acquired infections with sepsis, severe commu-
nity-acquired infections with bacteraemia, neo-
natal sepsis model, but not in patients with 
septic shock, patients with severe sepsis and 
septic shock, patients with bacteraemia only, 
burned patients, children with febrile seizures, 
and mouse model of polymicrobial sepsis [36, 
53-59]. In addition, anti-IL-6R antibody prevent-
ed the early loss of transplanted mouse islets 

Figure 5. Abundance of HMGB1, IL-6, IL-10 and TNF-α in supernatant of THP-1 cells after BCG infection. PMA dif-
ferentiated THP-1 cells were infected with BCG. Infection was continued for 6, 12 and 24 hrs and supernatant was 
collected for the detection of HMGB1, IL-6, IL-10 and TNF-α. LPS was used as a positive control and PBS was used 
as a negative control. The values and error bars represent average and standard error of the mean (SEM) of three 
independent set of experiments. *, P<0.05; **, P<0.01; ***, P<0.0001.
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in parallel with reduced HMGB1 production by 
hepatic mononuclear cells [44]. In addition, IL-6 
and HMGB1 may form a positive feedback loop 
to amplify the downstream signals. The con-
centration of HMGB1 increased as early as the 
elevation of IL-6 in reducing renal ischemia-
reperfusion injury (IRI) [60]. HMGB1 neutraliza-
tion enhanced hepatic TNF-α, IL-6 mRNA 
expression during acetaminophen hepatotoxic-
ity [61]. And the L. sanguineus (Ls) IL-6 tran-
scription was significantly induced by recombi-
nant LsHMGB1 in HK leukocytes [62]. These 
results indicated that HMGB1 may play an 
important role in immune response by positive 
feedback to IL-6. 

In conclusion, for the first time to our knowl-
edge we showed that the plasma and sputum 
levels of HMGB1 were significantly increased in 
MTB infected patients in comparison with 
healthy donors and significantly correlated with 
IL-6 level, a pro-inflammatory cytokines, 
involved in a monocytes dynamic inflammatory 
response to against TB infection, although the 
correlation is low. 
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