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Abstract: Sepsis refers to a systemic inflammatory response syndrome resulting from a microbial infection, which
kills > 225,000 people annually in the U.S. alone. The high mortality of sepsis is partly mediated by bacterial
endotoxin, which stimulates macrophages/monocytes to sequentially release early (e.g., TNF) and late (e.g.,
HMGB1) pro-inflammatory cytokines. Although early proinflammatory cytokines may be protective against
infection, excessive accumulation of late-acting proinflammatory mediators (such as HMGB1) may sustain a
potentially injurious inflammatory response. Agents capable of inhibiting HMGB1 activities (e.g., neutralizing
antibodies) or release [e.g., Chinese herbs, Danggui (Angelica sinensis), Danshen (Salvia miltiorrhiza) and Green
tea (Camellia sinensis)] rescue mice from lethal sepsis even when given 24 hours after onset of the disease. Here
we review emerging evidence that support a critical role for extracellular HMGB1 as a late mediator of lethal
sepsis, and several commonly used Chinese herbs (Danggui, Danshen and Green tea) as potential HMGB1-

targeting therapeutic agents in experimental sepsis.
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Introduction

In response to microbial infection, innate
immune cells (such as macrophages,
monocytes, and neutrophils) constitute a front
line of defense by ingesting and Killing
invading pathogens. If the invading pathogens
are efficiently eliminated, the inflammatory
response resolves normally to restore
immunologic  homeostasis. In  contrast,
inefficient pathogen clearance can lead to a
rigorous inflammatory response manifested by
excessive production of various proinflam-
matory mediators. Sepsis refers to a systemic
inflammatory response syndrome resulting
from a microbial infection. As a continuum of
increasing clinical severity, “severe sepsis” is
defined as sepsis associated with one or more
acute organ dysfunctions [1]. Despite recent
advances in antibiotic therapy and intensive
care, sepsis is still the most common cause of
death in the intensive care units, claiming
approximately 225,000 victims annually in the

U.S. alone.

The high mortality of sepsis is partly mediated
by bacterial endotoxins (e.g., Lipopolysaccha-
ride, LPS) [2], which activate macrophages
and monocytes to release various proinflam-
matory mediators such as nitric oxide [3],
tumor necrosis factor (TNF) [4], interleukin (IL)-
1 [5], interferon (IFN)-y 6], and macrophage
migration inhibitory factor (MIF) [7]. These
proinflammatory mediators, individually or in
combination, contribute to the pathogenesis of
lethal systemic inflammation. For instance,
neutralizing antibodies to TNF, the first
cytokine elaborated in inflammatory cascade,
reduces lethality in an animal model of
endotoxemic/bacteremic shock [4]. However,
the early kinetics of TNF production makes it
difficult to target in a clinical setting [4],
forcing us to search for other Ilate
proinflammatory mediators that may offer a
wider therapeutic window for the treatment of
lethal systemic inflammatory diseases.
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Figure 1. Amino acid sequence of human HMGB1. The N-terminal portion of HMGB1 comprises two internal
repeats of a positively charged domain of about 80 amino acids (termed “HMG boxes”) (shown by bold text).
The cytokine-stimulating motif (“Cytokine Domain”) of HMGB1 does not overlap with its RAGE-binding site,
supporting the potential involvement of other cell surface receptors (such as TLR2 and TLR4) for HMGB1-

mediated inflammatory responses.

Several years ago, we made the seminal
observation that a ubiquitous protein, high
mobility group box 1 (HMGB1), was released
by activated macrophages/monocytes [8-10],
and functioned as a late mediator of lethal
endotoxemia [8] and sepsis [11-14].
Subsequently, we found that aqueous extracts
and/or components of three Chinese herbs,
Danggui (Angelica sinensis) [14], Danshen
Salvia miltiorrhiza) [15] and Green tea
(Camellia sinensis) [16] effectively inhibited
bacterial endotoxin-induced HMGB1 release in
vitro, and protected mice against lethal
endotoxemia and sepsis (induced by CLP) in
vivo. Here we review accumulating evidence
that support a critical role for extracellular
HMGB1 as a late mediator of lethal sepsis,
and emerging data that suggest several
Chinese medicinal herbs as potential
therapeutic agents for experimental sepsis.

Discovery of HMGB1 as a Late Mediator of
Lethal Sepsis

In an effort to broaden the therapeutic window

for sepsis, we initiated a search for other
macrophage-derived mediators that are
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endotoxemia. Following stimulation of macro-
phage cultures with bacterial endotoxin, a 30
kDa protein accumulated late in the culture
medium, and was identified as the HMGB1 by
N-terminal amino acid sequencing analysis [8].

Nuclear HMGB1 as a DNA-binding protein

As a non-histone nucleosomal protein, HMGB1
was purified from nuclei > 30 years ago, and
termed high mobility group box 1 (HMGB1)
based on its apid mobility on electrophoresis
gels [17]. It is constitutively expressed in many
cell types, and a large “pool” of preformed
HMGB1 is stored in the nucleus due to the
presence of two lysine-rich nuclear localization
sequences [18, 19]. As an evolutionarily
conserved protein, HMGB1 shares 100%
homology (in amino acid sequence) between
mouse and rat, and a 99% homology between
rodent and human. HMGB1 contains two
internal repeats of positively charged domains
(“HMG boxes” known as “A box” and “B box”)
in the N-terminus, and a continuous stretch of
negatively charged (aspartic and glutamic
acid) residues in the C-terminus (Figure 1).
These HMG boxes enable HMGB1 to bind
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Figure 2. Schematic summary of recent development in pharmacological inhibition of HMGB1 release and
action. In addition to HMGB1-specific antibodies, a number of commonly used Chinese herbs (e.g., Danggui
(Angelica sinensis), Danshen (Salvia miltiorrhiza) and Green tea (Camellia sinensis)] are capable of inhibiting
HMGB1 release or cytokine activities, thereby rescuing animals from lethal experimental sepsis.

chromosomal DNA and fulfill its nuclear
functions including determination of
nucleosomal structure and stability, and
regulation of gene expression [13]. Intriguingly,
HMGB1 contains consensus binding (LXCXE)
motif for retinoblastoma (RB), and functions as
a tumor suppressor through HMGB1/RB
interaction in human breast cancer cells [20].

Extracellular release of HMGB1

In response to exogenous bacterial products
(such as endotoxin or CpG-DNA) [8, 21], or
endogenous inflammatory stimuli (e.g., TNF,
IFN-y, or hydrogen peroxide) [8, 9, 22],
macrophages and monocytes actively release
HMGB1 in a dose- and time-dependent
manner (Figure 2). In addition, HMGB1 can be
released passively from necrotic or damaged
cells [23], and similarly triggers an
inflammatory response.

In murine models of endotoxemia (induced by
intraperitoneal administration of bacterial
endotoxin, LPS) and sepsis (induced by cecal
ligation and puncture, CLP), HMGB1 is first
detectable in the circulation eight hours after
the onset of lethal endotoxemia and sepsis,
subsequently increasing to plateau levels from
16 to 32 hours [8, 11]. This late appearance
of circulating HMGB1 parallels with the onset
of animal lethality from endotoxemia or sepsis,
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and distinguishes itself from TNF and other
early proinflammatory cytokines [24].

In critically ill patients with sepsis, HMGB1
levels in the < 100 kDa serum fraction were
significantly elevated, and higher in patients
who did not survive than those who survived
sepsis [8]. Subsequent studies indicated that
levels of HMGB1 in unfractionated crude
serum were persistently elevated even in
patients that are recovering from severe
infections [25, 26]. Unfortunately,
immunoblotting analysis of HMGB1 in crude
human serum could be perplexed by a few
potential problems. For instance, some
HMGB1-targeted antibodies could also cross-
react with the light chain of human
immunoglobulin on Western blots (IgG1, 25
kDa, our unpublished observations), giving
potential false positive results. In contrast,
many serum/plasma components (such as
human 1gG1) can bind to HMGB1 [27],
negatively interfering with HMGB1 detection by
ELISA assays. Furthermore, these serum
HMGB1-binding protein(s) may also potentially
modulate or mask various proinflammatory
activities of HMGB1 [25, 27], adding another
layer of complexity to the regulation of already
intricate extracellular HMGB1 functions.

Extracellular HMGB1 as an alarmin danger
signal

Int J Clin Exp Med (2008) 1, 64-75
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Figure 3. HMGB1 mediates proinflammatory responses. In vivo, administration of HMGB1 via intracerebro-
ventricular, intratracheal, intraperitoneal, and intraarticular routes induces marked inflammatory responses.
In vitro, HMGB1 activate various innate immune cells, and facilitate innate recognition of microbial products

(such as CpG-DNA).

Recently, a number of structurally diverse,
multifunctional, ubiquitous host proteins [such
as high mobility group box 1 (HMGB1), and
heat shock protein 72 (Hsp72)] have been
categorized as “alarmins” based on several
common properties [28]. First, HMGB1 is
actively secreted by innate immune cells [8],
and/or passively released by injured/damaged
cells [23, 29]. Subsequently, extracellular
HMGB1 is capable of recruiting cells to sites of
infection of injury [30, 31], and facilitates
innate recognition of bacterial products (e.g.,
CpG-DNA) by innate immune cells [21, 32]. For
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instance, extracellular HMGB1 can augment
CpG-DNA-mediated cytokine production by
innate immune cells (e.g., macrophages and
dendritic cells) [21, 32], consequently
facilitating innate recognition of bacterial/viral
CpG-DNA to mount an effective inflammatory
response.

In addition, extracellular HMGB1 binds to
several cell surface receptors including the
receptor for advanced glycation end products
(RAGE), and the Toll-like receptor 2 (TLR2),
and TLR4 [33, 34], and consequently activates
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innate immune cells to produce pro-
inflammatory cytokines (Figure 3) [33-36].
Indeed, fluorescence resonance energy
transfer (FRET) analysis has demonstrated a
close physical interaction between HMGB1
and TLR2 or TLR4 on macrophage cell surface
within 5-15 minutes of HMGB1 incubation
[35]. Intriguingly, we observed a time-
dependent accumulation of exogenous
HMGB1 clustering on macrophage cell surface
within 4-6 hours of HMGB1 incubation [16],
which correlates with the kinetics of HMGB1-
induced release of proinflammatory cytokines
[37]. It is plausible that engagement of
exogenous HMGB1 to cell-surface receptors
(such as TLR2, TLR4, and RAGE) induces
clustering of ligand/receptor complexes at cell
surface [16], thereby activating various innate
immune cells.

Similarly, HMGB1 stimulates endothelial cells
to express intracellular adhesion molecule 1
(ICAM-1), vascular adhesion molecule 1
(VCAM-1), proinflammatory cytokines (e.g.,
TNF), and chemokines (e.g., IL-8) (Figure 3)
[38, 39]. In the brain, exogenous HMGB1
induces release of proinflammatory cytokines
[40] and excitatory amino acids (such as
glutamate) [41], fever [42], and exacerbates
cerebral ischemic injury (Figure 3) [43]. In the
lung, HMGB1 induces Ilung neutrophil
infiltration, and acute lung injury [44-46]. Focal
administration of HMGB1 near the sciatic
nerve induces unilateral and bilateral low
threshold mechanical allodynia [47]. Similarly,
intraperitoneal injection of HMGB1 increases
ileal mucosal permeability, leading to bacterial
translocation to mesenteric lymph nodes [48],
and exacerbates hepatic ischemic injury [49].

Although highly purified eukaryotic, or bacte-
rially produced recombinant HMGB1 has a
weak proinflammatory activity by itself [21, 32,
50], it can bind to various bacterial substances
(such as CpG-DNA), thereby strengthening
such proinflammatory activities [21, 32].
Considered together, these studies indicate
that extracellular HMGBZ1 can function as an
alarmin signal, which alerts, recruits, and
activates various innate immune cells, and
consequently sustains a potentially injurious
inflammatory response. Even though excessive
HMGB1 may be pathogenic, low levels of
HMGB1 might still be beneficial. For instance,
HMGB1 is capable of attracting stem cells
[31], and may be needed for tissue repair and
regeneration. Therefore, like other cytokines,

68

there may be protective advantages of
extracellular HMGB1 when released at low
amounts [51]. It is thus important to
pharmacologically modulate, rather than
abrogate, systemic HMGB1 accumulation to
conquer various inflammatory diseases.

Extracellular HMGB1 as a later mediator of
lethal endotoxemia and sepsis

The patho-genic role of HMGB1 as a late
mediator of lethal endotoxemia was originally
examined using HMGBZ1-specific neutralizing
antibodies, which  conferred significant
protection against lethal endotoxemia [8], and
endotoxin-induced acute lung injury (Figure 2)
[44]. In a more clinically relevant animal model
of sepsis (induced by CLP), delayed
administration of HMGB1-neutralizing
antibodies beginning 24 h after the onset of
sepsis, dose-dependently rescued mice from
lethal sepsis (Figure 2) [11, 52]. An increasing
number of agents (anti-HMGB1 antibodies,
ethyl pyruvate, stearoyl lysophosphatidyl-
choline, nicotine, anti-IFN-y antibodies) have
shown efficacy in inhibiting bacterial
endotoxin-induced HMGB1 release in vitro,
and protecting animals against lethal
endotoxemia [8] and sepsis [11, 12, 53], even
when the first doses are administered 24
hours after onset of diseases [11, 12].
Notably, the first dose of the HMGB1 inhibitors
were given 24 h after CLP, a time point at
which mice developed clear signs of sepsis
including lethargy, diarrhea, piloerection.
Together, these experimental data establish
HMGB1 as a late mediator of lethal
endotoxemia and sepsis with a wider
therapeutic window for the treatment of lethal
systemic inflammatory diseases [13, 24].

Regulation of HMGB1 Release

To ensure a timely response to endotoxin,
mammals have evolved an effective innate
recognition system consisting of LPS-binding
protein (LBP), CD14, and Toll-like receptor 4
(TLR4). When presented to CD14 by LBP, LPS
is delivered to high affinity transmembrane
receptors such as TLR4 [54], leading to
activation of MAP kinase (e.g., p38, ERK1/2,
and JNK) and NF-kB pathways, and sequential
release of early (e.g., TNF) and late (e.g.,
HMGB1) proinflammatory cytokines. TNF is
produced in vanishingly small amounts (if any
at all) in quiescent macrophages/monocytes,
but its transcription and translation are rapidly
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up-regulated by endotoxin (LPS), leading to
TNF synthesis and secretion within 1-2 hours
[55]. LPS fails to induce TNF secretion in
CD14-deficient  macrophages [10, 56],
indicating that the innate recognition system is
critically important for endotoxin-induced rapid
TNF release [56]. As many other cytokines,
TNF contains a leader signal sequence, and is
secreted via a classical endoplasmic reticulum
(ER)-Golgi secretory pathway.

In contrast, HMGB1 is constitutively expressed
in quiescent macrophages/monocytes, and a
large “pool” of preformed HMGB1 is stored in
the nucleus [9, 10]. Lacking a leader signal
sequence, HMGB1 cannot be released via the
classical ER-Golgi secretory pathway in
response to endotoxin stimulation [8]. Instead,
activated macrophages/monocytes acetylated
HMGB1 at its nuclear localization sequences,
leading to sequestration of HMGB1 within
cytoplasmic vesicles and subsequent release
into the extracellular milieu [9, 19, 57]. The
LPS-stimulated HMGB1 release was only
partially (by 30-50%) reduced in CD14-
deficient macrophages, suggesting that innate
recognition system is somewhat less critical
for endotoxin-induced HMGB1 release.

In parallel, mammals have also evolved
multiple negative regulatory mechanisms to
counter-regulate potentially injurious
inflammatory response. For instance, the
central nervous system can directly and rapidly
attenuate endotoxin-induced release of early
(e.g., TNF) and late (e.g., HMGB1) proinflam-
matory cytokines through acetylcholine, the
principal neurotransmitter of the vagus nerve
via nicotinic cholinergic receptors [12, 58].
Another local feedback mechanism regulates
inflammatory response through spermine, a
ubiquitous molecule that accumulates at sites
of infection or injury to function as a negative
regulator of innate immune response [10, 59-
62].

Exploration of Chinese Medicinal Herbs for
HMGBZ1-Inhibiting Agents

Currently, there are two new therapies
available for patients with sepsis, including the
“Early Goal Directed Therapy” (EGDT) and the
use of activated protein C (APC). EGDT
employs extremely tight control of a number of
physiological parameters (such as central
venous pressure, mean arterial blood
pressure, central venous oxygen saturation,
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blood glucose and hematocrit), which reduces
septic mortality by 16% (from 46.5% to 30.5%)
in a single site clinical trial [63]. On the other
hand, APC marginally reduces the 28-day
mortality (from 30.8% to 24.7%) [64], but is
associated with a 1.5% increase in
hemorrhagic complication risk. Therefore,
other agents capable of inhibiting late-acting,
clinically accessible mediators are still needed
for the clinical management of lethal systemic
inflammatory diseases.

Traditional herbal medicine has formed the
basis of folk remedies for various inflam-
matory ailments. For instance, Danggui
(Angelica sinensis) has been traditionally used
to treat gynecological disorders (such as
abnormal menstruation), and recently tested
for efficacy in animal models of bacteria-
induced pneumonia [65], carrageenan-
induced edema [66], and ethanol-induced
hemorrhagic tissue damage [67]. Another
Chinese herb, Danshen (Saliva miltorrhiza) has
been widely used in China for patients with
cardiovascular disorders [68]. Similarly, green
tea brewed from the leaves of the plant,
Camellia sinensis, has been associated with
many important health benefits, such as
reduction of risk of oxidative stress and
damage [69], atherosclerosis [69], cancer
[70], and cardiovascular diseases [71]. After
screening more than two dozen commonly
used Chinese herbs, we found that aqueous
extracts of Danggui, Danshen and Green tea
efficiently inhibited endotoxin-induced HMGB1
release in vitro [14-16], and protected animals
against lethal endotoxemia and sepsis in vivo
[14].

Suppression of endotoxin-induced HMGB1
release

As the first step to elucidate immunemodula-
tory mechanisms of the above Chinese herbs,
we examined their major anti-inflammatory
components for HMGBZ1-inhibiting activities.
Danshen contains abundant red pigments
(termed tanshinone |, tanshinone 1A, and
cryptotanshinone), a group of substance with
medicinal value for patients with
cardiovascular abnormalities [68]. Interes-
tingly, all these tanshinones (I, A, and
cryptotanshinone) effectively attenuated LPS-
induced HMGBA1 release, with estimated IC50
< 25 pM (Figure 4). Despite a structural
resemblance (i.e., the presence of a four-
fused-ring structure) between tanshinones and
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Figure 4. Structures of major components of Danshen (A) and Green tea (B). Danshen contains abundant red
pigments termed tanshinone |, tanshinone lIA, and cryptotanshinone. Green tea contains catechins which
harbor two or more aromatic rings (each carrying at least one aromatic hydroxyl) connected with a carbon

bridge (consisting of five carbons and one oxygen).

steroidal anti-inflammatory drugs (such as
dexamethasone and cortisone), these steroids
failed to attenuate LPS-induced HMGB1
release [15], indicating that tanshinones and
steroidal drugs exert anti-inflammatory action
through distinct mechanisms.

Green tea contains a class of biologically
active polyphenols called catechins, which
harbor two or more aromatic rings (each
carrying at least one aromatic hydroxyl)
connected with a carbon bridge (consisting of
five carbons and one oxygen) (Figure 4).
Among them, EGCG accounts for 50-80% of
the total catechin, representing approximately
50 mg in a single cup (100 ml) of green tea
[72]. Interestingly, EGCG effectively attenuated
endotoxin-induced HMGB1 release in a dose-
dependent fashion, with an estimated IC50 <
1.0 uM [16]. In contrast, two relevant
molecules, catechin and ethyl gallate, did not
affect LPS-induced HMGB1 release, even at
concentrations up to 10 pM, indicating that
functional groups of both catechin and gallate
are needed for EGCG’s HMGBZ1- inhibiting
properties [16].

To investigate the mechanisms by which
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Danggui extract and Danshen components
(e.g., tanshinone 1lA) inhibit HMGB1 release,
we determined their effects on endotoxin-
induced HMGBJ1 translocation - an essential
step for HMGB1 release [9, 10, 57]. Danggui
extract or Danshen component (TSN IIA)
almost completely abrogated LPS-induced
HMGB1 cytoplasmic translocation in most
endotoxin-stimulated cells [14, 16], indicating
that Danggui extract and Danshen component
attenuate HMGB1 release by interfering with
its cytoplasmic translocation.

Suppression of endotoxin-induced release of
other cytokines

To better understand Danshen and Green
tea’s anti-inflammatory properties, we also
examined their effects on LPS-induced release
of other cytokines. At concentrations (15 uM)
that completely abrogated LPS-induced
HMGB1 release, EGCG similarly inhibited LPS-
induced release of many other cytokines
including IL-6, MIP-1&, MIP-1y, MIP-2, RANTES,
KC, MCP1, and CXCL16 [16]. In sharp
contrast, a watersoluble derivative (sodium
sulfonate) of tanshinone IIA, TSN 1IA-SS (Figure
4), at concentrations (100 uM) that completely
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abrogated LPS-induced HMGB1 release, did
not suppress LPS-induced release of most
cytokines, and only partially attenuated LPS-
induced release of IL-12p70, IL-1a, platelet
factor 4 (PF-4), and MCP-5 [15]. Taken
together, these data indicate that Danshen
and Green tea components inhibit several
common mediators (e.g., HMGB1), and at the
same time exhibit distinct specificities with
respect to other cytokines.

Protection against lethal endotoxemia and
sepsis

In light of the capacity of aqueous extracts and
components of Danggui, Danshen and Green
tea in attenuating LPS-induced HMGB1
release, we explored their efficacy in an animal
model of lethal endotoxemia. Repeated
administration of Danggui extract, TSN 1IA-SS
and EGCG conferred a dose-dependent
protection against lethal endo-toxemia [14-
16]. More importantly, in animal models of
experimental sepsis induced by cecal ligation
and puncture, repeated adminis-tration of the
above agents beginning at +24 h, followed by
additional doses at +48, +72 and + 96 h after
the onset of sepsis, dose-dependently rescued
mice from lethal sepsis (Figure 2) [14-16].

To gain insight into the mechanisms under-
lying herbal extract or component-mediated
protection against lethal sepsis, we evaluated
their effects on systemic accumulation of
various cytokines. Delayed administration of
Danggui extract, TNS IIA-SS, or EGCG did not
attenuate circulating levels of TNF or nitric
oxide at 52 h after the onset of sepsis (data
not shown), but dose-dependently attenuated
circulating HMGB1 levels in septic mice [14-
16]. Furthermore, delayed adminis-tration of
EGCG markedly attenuated circu-lating levels
of IL-6 and KC [16] - two most reliable
surrogate markers of experimental sepsis that
can predict outcome [73]. Considered
together, these experimental data indicate
that these herbal extracts and/or components
protect mice against lethal sepsis partly by
attenuating systemic accumulation of a late
proinflammatory  mediator, HMGB1. At
present, our experimental data can not
exclude the possibility that herbal extracts
and/or components confer protection against
lethal sepsis through additional unknown
mechanisms. Therefore, future studies are
needed to better understand the protective
mechanisms underlying Chinese herbal
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medicinal herb-mediated protective effects.

In light of the clinical use of TSN IIA-SS in
China for patients with cardiovascular
disorders [68], we also determined whether it
improves cardiovascular function in septic
animals. Administration of TSN IIA-SS did not
significantly affect the mean arterial blood
pressure, but slightly reduced the heart rate
(from 378.3 + 25.1 to 334.1 + 25.8
beats/minutes, P < 0.05). More importantly, it
dosedependently reduced total peripheral
vascular resistance, and yet significantly
increased cardiac stroke volume, and cardiac
output [15]. As an important organ frequently
compromised by sepsis and septic shock, poor
cardiac output as a consequence of depressed
myocardial function may contribute to the
pathogenesis of lethal sepsis or septic shock
[74]. The dual effects of TSN [IA-SS in
attenuating late inflammatory response and
improving cardiovascular function make it a
promising therapeutic agent for patients with
sepsis.

Suppression of HMGB1 cytokine activities

To elucidate additional mechanisms
underlying EGCG-mediated protection, we
determined whether Green tea component
(EGCG) inhibits HMGB1-mediated inflame-
matory response. Indeed, EGCG dose-
dependently inhibited HMGBZ1- induced
release of TNF, IL-6, and nitric oxide in
macrophage cultures [16]. Furthermore, EGCG
effectively inhibited HMGB1-induced release of
IL-6 release, even when it was given 2-4 hours
after HMGB1 stimulation. Despite the fact that
EGCG failed to inhibit LPS-induced nitric oxide,
it dose-dependently suppressed HMGBI1-
induced release of nitric oxide in macrophage
cultures, supporting the notion that LPS and
HMGB1 use distinct mechanisms to activate
innate immune cells [37, 75]. Taken together,
these data suggest that EGCG confers
protection against lethal sepsis partly by
inhibiting HMGB1 cytokine activities.

To elucidate the mechanism by which EGCG
attenuates HMGB1-mediated cytokine
production, we determined its effect on
macrophage cell surface accumulation/
clustering of exogenous HMGB1. Cell surface
accumulation/clustering of exogenous (biotin-
labeled) HMGB1, as indicated by streptavidin-
conjugated Alexa 594 fluorescence, was noted
at 4-6 h post HMGB1 treatment [16]. In the
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presence of EGCG (10 uM), the cell surface
accumulation/clustering of exogenous HMGB1
was almost completely eliminated [16],
suggesting that EGCG inhibits HMGB1 cytokine
activities by preventing its cell surface
accumulation/clustering.

Conclusion

A ubiquitous nuclear protein, HMGB1, is
released by activated macrophages/
monocytes, and functions as a late mediator
of lethal endotoxemia and sepsis. First,
circulating HMGB1 levels are elevated in a
delayed fashion in endotoxemic and septic
animals. Second, administration of exogenous
HMGB1 to mice induces fever, derangement of
intestinal barrier function, and tissue injury.
Third, administration of anti-HMGB1
antibodies or inhibitors (e.g., Chinese
medicinal herbs, Danggui, Danshen, and
Green tea) protects mice against lethal
endotoxemia, and rescues mice from lethal
experimental sepsis even when the first doses
are given 24 hours after onset of sepsis.
Taken together, these experimental data
establish HMGB1 as a late mediator of lethal
endotoxemia and sepsis with a wider
therapeutic window, and support several
commonly used Chinese herbs (e.g., Danggui,
Danshen and Green tea) as potential
therapeutic agents for experimental sepsis.
The downstream or “late” action of HMGB1 is
a marked departure from the early activities of
TNF and other classical proinflammatory
cytokines, and has significant implications for
understanding and manipulating innate
immune responses. Thus, future studies are
needed to further explore the therapeutic
potential of Chinese herbal medicine in the
clinical management of human sepsis.
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