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Background: Recently, increased levels of high-mobility group box 1 protein (HMGB1) have been identified in various
inflammatory conditions and infections. However, no studies have evaluated the HMGB1 level in nontuberculous
mycobacterial (NTM) lung disease, and compared it to mycobacterial lung disease.
Methods: A total of 60 patients newly diagnosed with NTM lung disease, 44 culture-positive pulmonary tuberculosis (TB)
patients, and 34 healthy controls, were included in this study. The serum HMGB1 concentrations were quantified using
HMGB1 enzyme-linked immunosorbent assay kits.
Results: Serum HMGB1 level in patients with pulmonary TB or NTM lung disease, was significantly lower than that of
the healthy controls. In addition, the serum HMGB1 level in TB patients was significantly lower than patients with NTM
lung disease. However, the levels in NTM patient subgroups did not differ according to the causative species, disease
progression, and disease phenotype.
Conclusion: Although low levels of serum HMGB1 has the potential to be a marker of mycobacterial lung disease, these
levels were unable to differentiate disease progression and disease phenotype in NTM lung diseases.
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Introduction
All members of the genus Mycobacterium other than M. tuberculosis (MTB) complex and M. leprae are considered nontuberculous mycobacteria (NTM), and are frequently isolated
from environmental sources, including surface or tap water
and soil1,2. Currently, more than 170 mycobacterial species/
subspecies are listed in the Genus Mycobacterium database
(http://www.bacterio.cict.fr/m/mycobacterium.html), and the
number of newly identified NTM is increasing. The number
of patients with pulmonary disease caused by NTM has been
increasing worldwide, including South Korea3,4.
High-mobility group box 1 protein (HMGB1) was originally
reported as a DNA-binding protein involved in DNA recombination, repair, and gene transcription5. HMGB1 is released
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SY Kim et al.

into the extracellular milieu from necrotic cells and activated
macrophages with accompanying organ failure. HMGB1 then
migrates to tissue sites and induces various inflammatory cytokines including tumor necrosis factor (TNF)-α, interleukin
(IL)-1α, IL-1β, IL-6, IL-8, macrophage inflammatory protein
(MIP)-1α, and MIP-1β, thereby promoting chronic inflammation6,7. Several studies have described the roles of HMGB1
in pathological states, including atherosclerosis, arthritis,
acute lung injury, and bacterial pneumonia8-10. A few papers
have reported that the serum level of HMGB1 was increased
in patients with tuberculosis (TB)11,12. However, only limited
information is currently available about the role of HMGB1 in
TB infection. Moreover, HMGB1 level has not been evaluated
in NTM lung disease.
Therefore, the aim of this study was to compare serum
HMGB1 level in patients with mycobacterial lung disease including pulmonary TB and NTM lung disease and to evaluate
the association between serum HMGB1 level in patients with
NTM lung disease at diagnosis time and etiological agent or
disease progression.

Materials and Methods
1. Study populations
The data in the present study are part of an ongoing prospective observational cohort study investigating NTM lung
disease (ClinicalTrials.gov Identifier: NCT00970801). The
study protocol was approved through the Institutional Review
Board of Samsung Medical Center (IRB approval 2008-09016), and written informed consent was obtained from all
participants. A total of 60 patients that were newly diagnosed
with NTM lung disease from January 2007 to October 2011 at
Samsung Medical Center were enrolled. A diagnosis of NTM
lung disease was made in patients who fulfilled the clinical, radiographic, and microbiological diagnostic criteria published
by the American Thoracic Society1. NTM species were identified by polymerase chain reaction (PCR)–restriction fragment
length polymorphism analysis or PCR–reverse blot hybridization assay (REBA Myco-ID; YD Diagnostics, Yongin, Korea)
based on the rpoB gene at time of diagnosis13-15.
Thirty-four healthy controls (HC) with no previous history of pulmonary disease and 44 patients with pulmonary
TB were also tested. Pulmonary TB was diagnosed by clinical findings, chest radiographs, sputum analysis by standard
microscopy for acid fast bacilli (AFB), culture for MTB using
standard methods (solid media and on liquid media), and
PCR using a Cobas TaqMan MTB test (Roche Diagnostics,
Basel, Switzerland) or Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) 16,17. Control samples were obtained from
subjects who visited the health promotion center for regular
health checkups without any clinical symptoms or signs of ill-
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ness due to mycobacterial infection.
2. Measurement of HMGB1
Serum samples were carefully collected from the HC and
from patients with NTM lung disease and pulmonary TB before treatment and stored at –80°C until testing. The HMGB1
concentrations in the sera were quantified using an HMGB1
ELISA kit (IBL International, Hamburg, Germany) according
to the manufacturer’s instructions. Briefly, 100 μL sample diluent was added to each well and then 10 μL standard, sample
or control was added to the well. The plate was incubated for
24 hours at 37°C. After washing, 100 μL/well of anti-HMGB1
antibody conjugated to peroxidase was added and the plate
was incubated at room temperature for 2 hours. After washing, substrate was added to each well. The enzyme reaction
was incubated for 30 minutes at room temperature. The
chromogenic substrate reaction was stopped by the addition
of stop solution. Absorbance was determined using an automated plate reader at an excitation wavelength of 450 nm.
3. Statistical analysis
The data are presented as numbers (percentages) for categorical variables and medians (interquartile range [IQR]) for
continuous variables. Because the data were nonparametric,
Tukey’s box and whisker plots were used to show centrality
and dispersion. Statistical analyses were performed using the
Kruskal-Wallis test or the Mann-Whitney U test with post-hoc
paired comparisons using the Bonferroni method. All statistical analyses were performed using PASW version 18.0 (SPSS
Inc., Chicago, IL, USA). p-values less than 0.05 were considered statistically significant.

Results
1. Baseline characteristics
The baseline characteristics of patients with NTM lung
disease are summarized in Table 1. The median age was 57
years (IQR, 48–66 years), and 36 (60%) were female. The median body mass index was 20.2 kg/m2 (IQR, 18.9–21.7 kg/m2).
No patients had immunodeficiency, and all subjects were
negative for human immunodeficiency virus antibodies. The
etiological agents included M. avium in 20 patients (33%), M.
intracellulare in 20 patients (33%), M. abscessus in 10 patients
(17%), and M. massiliense in 10 patients (17%). Forty-five patients (75%) had nodular bronchiectatic disease, 14 (23%) had
fibrocavitary disease, and one (2%) had an unclassifiable form
of disease.
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Table 1. Baseline characteristics of the 60 study patients
with NTM lung disease
Variable

Value

Age, yr

57 (48–66)

Gender, female

36 (60)
2

Body mass index, kg/m

20.2 (18.9–21.7)

Smoking
Non-smoker

46 (77)

Current or ex-smoker

14 (23)

Comorbidity
Chronic heart disease

4 (7)

DM

4 (7)

Chronic liver disease

4 (7)

Rheumatic disease

2 (3)

COPD

1 (2)

History of TB treatment

28 (47)

Etiologic organism

Mycobacterium avium

20 (33)

M. intracellulare

20 (33)

M. abscessus

10 (17)

M. massiliense

10 (17)

Type of disease
Nodular bronchiectatic form

45 (75)

Fibrocavitary form

14 (23)

Non-classified form

1 (2)

Laboratory test at diagnosis
CRP, mg/dL
ESR, mm/hr
HMGB1, ng/mL

0.13 (0.05–0.43)
27.0 (15.0–46.0)
2.165 (1.335–3.712)

Values are presented as median (IQR) or number (%).
NTM: nontuberculous mycobacteria; DM: diabetes mellitus;
COPD: chronic obstructive pulmonary disease; TB: tuberculosis;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
HMGB1: high mobility group box chromosomal protein 1; IQR:
interquartile range.

2. Serum HMGB1 levels in patients with NTM lung disease
or TB compared with controls
Serum levels of HMGB1 were different among patients with
NTM lung disease (median, 2.17 ng/mL; IQR, 1.34–3.71 ng/mL),
TB (median, 0.76 ng/mL; IQR, 0.34–1.68 ng/mL), and the HC
(median, 3.21 ng/mL; IQR, 2.21–5.15 ng/mL; p<0.001) (Figure
1A). Serum HMGB1 level in NTM lung disease and TB patients was significantly lower than that in the HC (p<0.01 and
p<0.001, respectively). In addition, serum HMGB1 level in TB
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patients was significantly lower than that in NTM lung disease
patients (p<0.001).
3. Comparison of serum HMGB1 levels in NTM patient
subgroups according to etiology
Subgroup analysis of 60 newly diagnosed NTM patients
was performed to evaluate the association between serum
HMGB1 level and etiological agents. The serum levels of
HMGB1 were not different according to etiology (p=0.585)
(Figure 1B) in patients with NTM lung disease.
4. Comparison of serum HMGB1 levels in NTM patient
subgroups according to disease progression
NTM lung disease may progress slowly. Furthermore, patients may not require treatment or may require combination
antibiotic therapy. After this information was discussed with
the patients, an observation period of at least 6 to 12 months
without antibiotic treatment usually was implemented. When
the disease was clearly recognized as progressive, the patients
received combination antibiotic therapy. In patients with
serious symptoms and advanced or progressive radiographic
abnormalities, antibiotic therapy was initiated immediately.
Disease progression was determined by observing patients
with NTM lung disease until combination antibiotic therapy
was initiated. Among the 60 patients, 41 patients were received combination antibiotic therapy following a diagnosis
of progressive NTM lung disease. The median time interval
between diagnosis of NTM lung disease and start of antibiotic
therapy in progression group was 90 days (IQR, 27.5–383.5
days). Nineteen patients underwent long-term follow-up without treatment for stable NTM lung disease. The serum levels
of HMGB1 were not different according to disease progression (p=0.489) (Figure 1C) in patients with NTM lung disease.
5. Comparison of serum HMGB1 levels in NTM patient
subgroups according to disease phenotype
There was no difference according to types of NTM disease
(fibrocavitary form [median, 1.93 ng/mL; IQR, 1.19–3.79 ng/
mL] vs. nodular bronchiectatic form [median, 2.27 ng/mL;
IQR, 1.39–3.77 ng/mL], p=0.748), and AFB smear status (AFB
smear positive [median, 2.15 ng/mL; IQR, 1.58–3.67 ng/mL]
vs. AFB smear negative [median, 2.27 ng/mL; IQR, 0.90–3.71
ng/mL], p=0.495). In addition, there was no correlation between C-reactive protein (CRP) or erythrocyte sedimentation
rate (ESR) and HMGB1 in both NTM (p=0.066 and p=0.277,
respectively) and TB patients (p=0.743 and p=0.556, respectively).
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Figure 1. Levels of serum high mobility group box chromosomal protein 1 (HMGB1). (A) Amount of HMGB1 in the sera of healthy controls
(HC; n=34), patients with nontuberculous mycobacteria (NTM) lung disease (n=60), and tuberculosis (TB) patients (n=44). (B) HMGB1
levels according to etiology (Mycobacterium avium [n=20], M. intracellulare [n=20], M. abscessus [n=10], and M. massiliense [n=10]). (C)
HMGB1 levels according to disease progression (stable [n=19] vs. progressive [n=41]). The data are presented as Tukey’s box-and-whisker
plots. **p<0.01, ***p<0.001 for the results of comparisons between patients and controls.

Discussion
Because HMGB1 is released by both living and dead cells
in various tissues, the detection of HMGB1 might or might not
reflect disease status; as such, it is difficult to use as a unique
diagnostic marker. However, HMGB1 has been suggested to
be common to diverse diseases and might serve as a potential
marker for understanding disease processes. As different species of mycobacteria are known to cause necrotic cell death in
vitro , the release of HMGB1 from cultured cell supernatants
could be passive in nature18. HMGB1 released from lung macrophages could be an important mediator of the inflammatory
response and might be involved in the secretion of proinflammatory cytokines and the release of nitric oxide (NO) during
pulmonary TB19.
In previous reports, HMGB1 level was significantly increased in patients with TB compared with HC (TB patients
vs. HC, 47.5±26.1 ng/mL vs. 13.8±7.3 ng/mL; roughly 2.2 ng/
mL vs. 1.3 ng/mL [mean values not shown], respectively)11,12.
There was a large difference between the HMGB1 levels between the two studies. In many papers, the serum/plasma
HMGB1 levels were reported to be 1.12 to 3.9 ng/mL greater
than the mean or median, respectively, in HC 20-22. In fact,
HMGB1 can be released when preparing the serum due to
hemolysis and activated cells, so it is important to immediately collect the serum. The median HMGB1 levels in the HC
in our study were similar to those in the published literature.
In the present study, unlike in previous reports examining TB
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and other pulmonary infections, the serum HMGB1 levels
in patients with TB and NTM lung disease were significantly
lower than those in the HC. HMGB1, a late-phase mediator of
inflammation, is induced by early proinflammatory cytokines
and triggers the pathological and immunosuppressive effects
that accompany the subsequent release of cytokines such as
TNF-α, IL-1α, IL-1β, IL-6, and IL-8 during late infection23. In
our previous studies, the serum levels of T helper type 1-related cytokines were significantly decreased in patients with
NTM lung disease compared with the HC24,25. Therefore, the
down-regulated levels of HMGB1 in patients with NTM lung
disease might be influenced by the decreased levels of proinflammatory cytokines. HMGB1 can be reduced or oxidized;
reduced HMGB1 is a cytokine-stimulating factor that induces
TNF-α release and nuclear factor κB activation, while oxidized
HMGB1 induces immunosuppressive effects26. During early
infection, the activated macrophages produce NO, which creates a highly oxidizing environment. Apoptotic macrophages
liberate oxidized HMGB1 and temporally suppress excessive
inflammation and decrease protective immunity. During late
disease, the oxidative environment decreases as a result of
weaker macrophage activation, lower NO production, and
reduced macrophage apoptosis, leading to reduced HMGB1
production27.
The serum levels of HMGB1 were not different according
to disease progression in patients with NTM lung disease. In
addition, there was no difference according to severities of
disease such as types of NTM disease and AFB smear status
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and no correlation between CRP or ESR and HMGB1 in both
NTM. Depending on these results, at least HMGB1 might not
be a predictor for disease progression, disease type, or the status of inflammation in NTM lung disease.
In countries with classically high TB prevalence rates, like
South Korea, those patients with AFB-positive sputum on direct microscopic examination have generally been presumed
to have pulmonary TB and were treated empirically. Therefore, an early differentiation between pulmonary TB and NTM
lung disease in patients with AFB smear-positive specimens
is very important in South Korea28,29. Biomarker discovery and
validation studies are needed to define combinations of markers that might eventually assist case identification and accelerate access to treatment30. The identification of a pattern of
differentially expressed biomarker could help to differentiate
TB infection from the NTM infection or non-infected state.
There is some inconsistency in the serum HMGB1 levels
among various infectious and inflammatory diseases. For
example, the elevated levels of HMGB1 are present in synovial fluid from rheumatoid arthritis patients10,31. However,
in sera from most rheumatoid arthritis patients, they could
not detect HMGB1, whereas HMGB1 was detected in some
healthy subjects32. Serum HMGB1 level in rheumatoid arthritis patients was significantly lower than that of the HCs32. In
another study, serum HMGB1 level of patients infected with
Legionella pneumonia was not different to that in HCs33. This
finding disagrees with the results of previous studies in which
serum HMGB1 was higher in community-acquired infections
and pneumonia than in healthy subjects34-36.
Our study had several limitations. First, this study included
a relatively small number of patients. Second, HMGB1 protein
could correlate with the degree of inflammatory markers, such
as serum ESR and CRP. However, this information was not
available in substantial proportion of patients with pulmonary
TB. Third, patients with the early stage of NTM lung disease,
especially the nodular bronchiectatic form, could have normal
chest X-ray findings. Therefore, the possibility of early stage of
NTM lung disease in control subjects could not be completely
ruled out in our study.
To the best of our knowledge, this study is the first to determine that serum HMGB1 is lower in patients with NTM
lung disease compared to HC. Furthermore, the low level of
HMGB1 in pulmonary TB patients suggests that the magnitude of serum HMGB1 has the potential to differentiate
between different etiologies of mycobacterial lung disease.
Further large, prospective studies are needed to understand
the implications of biosignatures for development of future
differential biomarkers for mycobacterial lung disease.
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