
Stéphanie Barnay-Verdier
Lakhdar Fattoum
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Abstract Purpose: To assess the
prevalence and predictive value of
natural autoantibodies to high-mobil-
ity group box 1 (HMGB1) during
sepsis. Methods: Anti-HMGB1 and
anti-human serum albumin (HSA)
autoantibodies were detected by
ELISA in 178 plasma samples longi-
tudinally collected from 40 critically
ill patients with septic shock. One
hundred thirty-two plasma samples
from healthy donors were used as

control. Results: IgGs to HMGB1
were detected in 15/40 patients
(37.5%). The prevalence of anti-
HMGB1 antibodies was significantly
higher in the patients who survived
(55%) compared to the patients who
did not (20%) (p \ 0.0001). The
detection of anti-HMGB1 antibodies
during the course of the disease was
significantly associated with patient
survival (p = 0.038). Moreover, there
is a progressive and significant
emergence of anti-HMGB1 antibod-
ies during the course of the disease,
mostly in patients who survived.
Conclusions: This study shows that
autoantibodies to HMGB1 are pro-
duced during sepsis and are
associated with a favorable outcome
in patients undergoing septic shock.

Keywords Septic shock � HMGB1 �
Autoantibodies � Outcome

Introduction

High mobility group box 1 (HMGB1) was initially iden-
tified as a conserved, abundant and ubiquitous chromatin-
associated protein. In the nucleus, HMGB1 acts as an
architectural factor and contributes to transcription, DNA
replication, recombination and repair [1]. An increasing
body of evidences supports that HMGB1 is also active out
of the cell. Notably HMGB1 emerged progressively as a
central player in the signalization and coordination of both
septic and aseptic forms of inflammation [2, 3]. HMGB1

can be actively secreted from activated immune cells, or
released during necrosis, autophagy and some forms of
apoptosis [4–6]. Out of the cell, HMGB1 can bind to sev-
eral receptors, including RAGE, TLR2, TLR4 and TLR9,
which impacts many aspects of the cell behavior, such as
proliferation, migration, differentiation, maturation and/or
cytokine release [7–9]. The contribution of HMGB1 to
septic inflammation was first described in an experimental
mouse model of endotoxemia [10]. Thereafter, HMGB1’s
contribution to severe sepsis and septic shock has been
investigated in detail both in animal models and in humans.
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Two sets of evidence indicate that HMGB1 plays a central
role in sepsis and related conditions. First, HMGB1 con-
centration is significantly elevated in the serum of mice
exposed to experimental endotoxemia or sepsis, as well as
in sepsis-related conditions in humans [11–13]. Second,
therapeutic agents that inhibit HMGB1 release and/or its
activities, such as neutralizing antibodies, can rescue ani-
mals from severe sepsis [2].

Previous work by Gibot and colleagues [13] investi-
gated the time course of HMGB1 in the plasma of septic
shock patients admitted into an intensive care unit (ICU)
and its relationship with severity of the disease and out-
come. This work led to the conclusion that measurement
of circulating HMGB1 could not predict outcome,
although HMGB1 plasma concentrations correlated well
with the degree of organ dysfunction. The same cohort of
patients was used herein to investigate the presence
and evaluate the predictive value of natural antibodies
directed against HMGB1. Indeed, we postulated that
natural antibodies could possibly modulate the normal
activity of cytokines such as HMGB1. Although anti-
cytokines antibodies have been detected in patients with
chronic inflammatory diseases, they have also been
detected in most healthy donors under the form of cyto-
kine-autoantibodies complexes [14]. In addition, anti-
cytokine antibodies have been transiently detected fol-
lowing viral, bacterial or parasitic infections [15]. All
together, these observations led us to speculate that septic
shock could stimulate the production of autoantibodies
against HMGB1 that may in turn influence clinical
outcome.

Patients and methods

Study population

Between February and June 2006, 42 patients admitted
with a septic shock into a medical intensive care unit
(ICU) of a teaching hospital (Nancy, France) were enrol-
led. The diagnosis of septic shock was established on the
basis of the current definition. Patients were not enrolled if
they were over 80 years of age or were immunocompro-
mised. Upon admission into the ICU several items were
recorded: age, gender, Simplified Acute Physiology Score
II (SAPS), Sequential Organ Failure Assessment (SOFA)
score, vital signs, respiratory variables, routine blood tests
and microbial culture results. Outcome was assessed
during a 90-day follow-up period.

These patients have already been described in detail
previously [13], and their main clinical and biological
features are summarized in Table 1. The present study
focused on 40 of these 42 critically ill patients. Approval of
the institutional review board and informed consent were
obtained from patients or their relatives before inclusion.

Data collection

Day 1 was defined as the day of admission into the ICU.
Within 12 h after admission and enrollment in the study,
5 ml of whole heparinized blood was drawn via an arterial
catheter. Repeated sampling was performed longitudi-
nally during the ICU stay. In this work 178 plasma
samples collected from 40 patients were studied. The
control group used to establish baseline values for ELISA
was composed of 132 plasma samples collected from
apparently healthy adult donors who were not matched
with critically ill patients.

Antibody detection by ELISA

Human HMGB1 (rhHMGB1) recombinant protein was
purified from Escherichia coli BL21 (DE3) pLysS strain
transformed with pET15b-6His-HMGB1. Protein expres-
sion and purification were performed as previously described
[16]. A commercial human serum albumin (HSA) protein
(Sigma-Aldrich) was used in this study.

Maxisorp polystyrene 96-well plates were coated
with 50 ll per well rHMGB1, or HSA at 2 lg/ml or
1.7 lg/ml, respectively, in 8 M urea pH 8, and incubated
overnight at 4�C. The plates were blocked with 10% milk
in PBS-Tween 20 0.2% for 1 h. Plasma samples, diluted
1:10 in blocking buffer, were added in duplicates
(100 ll/well) and incubated for 1 h at 37�C. After four
washes, 100 ll of rabbit anti-human IgG-horseradish
peroxidase (HRP) (Rockland 209-4302), diluted at
1:1.000, was added to each well and incubated for 1 h at
37�C. Detection was achieved by addition of 100 ll of
ABTS (Roche Diagnostic) per well and incubated at
37�C for 20 min. Optical densities (OD) were measured
at 405 nm, and background levels were measured on
wells in which plasma was omitted. Cutoff values were
established for each antigen on 100 sera from apparently
healthy people. They were calculated as the mean
background OD value plus three standard deviations.
The mean OD cutoff values were 0.16 and 0.2 for HSA
and HMGB1, respectively. OD ratios were defined as the
ratio of the OD measured for a given sample over the
cutoff OD value.

Statistical analyses

Descriptive results of continuous variables are expressed
as mean (±SD). Non-normally distributed values are
reported as median (interquartile range, IQR) and com-
pared using the Mann-Whitney U test. The log-rank test
and Kaplan-Meier estimator were used for survival
analyses. p \ 0.05 was estimated statistically significant.
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Results

Prevalence of anti-HMGB1 natural antibodies
in apparently healthy adults and in septic shock
patients

Although circulating HMGB1 is frequently elevated in
septic shock patients, previous work by Gibot et al. sug-
gested that HMGB1 plasma concentrations, as measured
by commercial ELISA, only poorly correlate with out-
come [13]. This led us to speculate that HMGB1
biological activities might be modulated by natural anti-
bodies that would arise during sepsis. To test this
assumption, we designed an ELISA using a recombinant
form of human HMGB1 as an antigen. An ELISA was
also performed with another abundant self-antigen, the
human serum albumin (HSA), to evaluate the specificity
of the detected antibodies. HSA was used as a control
antigen since it shares several properties with HMGB1.
Notably, HSA is abundantly expressed, and natural anti-
bodies to HSA have previously been described in healthy
individuals [17]. Plasma samples from 132 apparently
healthy individuals were used to estimate the average
level of natural IgG antibodies against these proteins in
the normal adult population and to establish positive
cutoff OD values (see ‘‘Patients and Methods’’). IgGs to
HSA and HMGB1 were detected in 3 and 15% of the
samples, respectively, when plasma was diluted 1:10. No
samples scored positive for higher plasma dilution, indi-
cating that these antibodies have a low titer when present.
The average values for the OD ratios were 0.6 (SD = 0.2;
minimum = 0.3; maximum = 1.6) for anti-HSA and 0.9
(SD = 0.6; minimum = 0.4; maximum = 5.5) for anti-
HMGB1. Then we conducted a similar study on 178
plasma samples collected sequentially from 40 septic
shock patients. This cohort has been described in detail
previously [15]. The main clinical and biological char-
acteristics of these patients are summarized in the
Table 1. IgGs to HSA or HMGB1 were detected in 17 and
15% of the 178 plasma samples, respectively. The aver-
age values for the OD ratios were 0.9 (SD = 1.0;
minimum = 0.3; maximum = 6.2) for anti-HSA and 0.9
(SD = 1.1; minimum = 0.3; maximum = 8.1) for anti-

HMGB1. Overall, IgGs to HMGB1 were detected at least
once during the course of the disease in 15 patients
(37.5%), whereas IgG directed against HSA was detected
at least once in 8 patients (20%).

Prevalence of anti-HMGB1 natural antibodies
and survival

Next, we wondered whether the presence of IgGs to
HMGB1 could predict clinical outcome. As illustrated in
Fig. 1, the prevalence of anti-HMGB1 antibodies was
significantly higher in the patients who survived (55%)
compared to the patients who did not (20%) (v2 test,
p \ 0.0001). Conversely, anti-HSA antibodies were
detected in 15 and 25% of the survivors and non-survivors,
respectively, without any significant difference (v2 test,
p = 0.21; Fig. 1). Accordingly the detection of anti-
HMGB1 antibodies during the course of the disease was
significantly associated with patient survival (log rank test,
p = 0.038), whereas the presence of IgGs to HSA was not
(log-rank test, p = 0.645; Fig. 2). It is noteworthy that
survival curves significantly differ from day 7 upwards.
Therefore, we concluded that detection of anti-HMGB1
was both specific and highly predictive of clinical outcome
in patients with septic shock. Strikingly, anti-HMGB1
antibodies were absent in most patients at day 1 and
appeared gradually during the course of the disease, mostly
in patients who survived (Fig. 3). Anti-HSA IgGs also
appeared in a dynamic manner, but no significant differ-
ence was observed between survivors and non-survivors.

All together, our study showed for the first time that
IgGs to HMGB1 are predictive of a favorable outcome
during septic shock.

Discussion

In sepsis-related conditions, HMGB1 plasma concentra-
tions are usually higher and persist longer in patients who
succumb to the disease than in patients who survive,

Table 1 Clinical and biological parameters on admission (day 1)

Overall (n = 40) Survivors (n = 20) Non-survivors (n = 20) p

Age (years) 62.2 ± 17.4 58.9 ± 20.9 65.7 ± 12.3 0.21
Sex: male (%) 67 71 64 0.41
SAPS II 65 ± 19 65 ± 22 66 ± 18 0.93
SOFA score, median (IQR) 13 (12–15) 12 (12–15) 13 (11–16) 0.44
CVVH (%) 33 25 42 0.009
Bacteremia (%) 27 30 24 0.5
Corticosteroids (%) 79 85 74 0.17
HMGB1, median (ng/ml; IQR) 4.4 (1.2–12.5) 3.2 (0–18.5) 6.2 (2.7–18.5) 0.47

IQR interquantile range, SAPS Simplified Acute Physiology Scores, SOFA Sequential Organ Failure Assessment, CVVH Continuous
Venovenous Hemofiltration [13]
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although some noticeable exceptions have been reported
[12, 13, 18, 19]. Thus, it is tempting to assume that some
biological processes may control HMGB1 plasma con-
centrations and/or activities in patients who survive. Since
passive immunizations against HMGB1 improve outcome
in experimental animal models of sepsis or endotoxemia,
we hypothesized that natural antibodies to HMGB1 could
improve clinical outcome of septic shock patients as well.

Here we showed that IgGs to HMGB1 were detectable in
15 of 40 (37%) critically ill patients during severe sepsis,
whereas they are present in about 15% of healthy adult
blood donors. In both instances, these antibodies were
present at a low but significant titer, which may limit their
detection. This immune response was rather specific since
anti-HMGB1 and anti-HSA IgG titers measured by
ELISA correlate only poorly (Spearman’s rank correla-
tion coefficient \0.5). So far, we have been unable to
detect IgM in either HSA or HMGB1 in the same samples
(data not shown). Autoantibodies against TNF-a, another
key modulator in sepsis, have been detected in almost
40% of apparently healthy donors, a prevalence that
reaches 66% in patients with gram-negative septicemia
[20]. We showed here that anti-HMGB1 and anti-HSA
antibodies are produced transiently in most cases during
the course of the disease. This is reminiscent of the
transient secretion of neutralizing IgG directed against
IFN-c and TNF-a that has been reported in an experi-
mental model of self-limited meningitides associated with
Haemophilus influenza inoculation [15]. Whether or not
antibodies to other pro-inflammatory cytokines were also
present in our patients and contribute to favorable out-
come would deserve further investigation.

In 13 out of 15 patients, antibodies to HMGB1 were
detected in one or several samples at a significant but low
level, which hampered their purification and subsequent
characterization. Evaluating their ability to neutralize
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Fig. 1 Correlation between the presence of anti-HMGB1 antibod-
ies and outcome. Percentage of anti-HSA (in white) and anti-
HMGB1 (in black) were compared between survivors (n = 20) and
non-survivors (n = 20). **p \ 0.001

Fig. 2 Kaplan-Meier survival
curves according to the
presence (squares) or absence
(triangles) of anti-HMGB1 or
anti-HSA antibodies. Log-rank
test was performed to compare
the patient’s survival
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active forms of HMGB1 in functional assays will be a
major challenge to assess the exact contribution of anti-
HMGB1 to patients’ recovery. Nonetheless, we have been
able to purify IgGs from several plasma samples from two
patients who exhibited high anti-HMGB1 titers. As both
patients survived and maintained low levels of circulating
HMGB1 during the course of the disease, we speculated
that these antibodies could form inactive complexes with
HMGB1 and/or degrade it. Indeed, recent work identified
catalytic antibodies directed against key coagulation fac-
tors and endowed with serine protease activity in septic
patients. This enzymatic activity was significantly higher
in surviving patients, providing the first evidence that
catalytic antibodies could modulate recovery in septic
patients [21]. In these two patients, we could demonstrate
that purified IgGs could degrade HMGB1 in vitro,
although we have not yet characterized the biochemical
process that was involved (data not shown). Additional
experiments will be required to investigate anti-HMGB1
catalytic activity in patients secreting low amounts of
anti-HMGB1 antibodies as well.

So far, we observed a poor correlation only between the
presence of anti-HMGB1 IgGs and the levels of HMGB1
in the plasma of septic shock patients (data not shown).

This raises many questions concerning the ability of the
current commercial ELISA to quantify plasma HMGB1
precisely when bound to circulating antibodies, as already
discussed by others [22]. Ongoing experiments in our
laboratory clearly demonstrated that this commercial
ELISA was indeed unable to detect HMGB1 when bound
with known partners, including LPS or specific antibodies
(S. Barnay-Verdier, personal communication). Technical
improvement will therefore be required to measure
HMGB1 and anti-HMGB1 relative levels precisely.

Although there are still many questions regarding the
genesis and biological activities of anti-HMGB1 anti-
bodies, the present study highlights their significant
potential, in addition to plasma HMGB1, for the moni-
toring of sepsis-related conditions.
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