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defense (3,4). In particular, the toll-like 
receptor 4 (TLR4) expressed on den-
dritic cells is responsible for detecting the 
presence of lipopolysaccharides (LPS), 
a cell wall component in gram-negative 
bacteria (5). Formation of LPS-TLR4/
MD2 complex leads to the recruitment 
of MyD88 and TRIF, which in turn trig-
ger mitogen-activated protein kinases 
(MAPKs). TLR4 signaling promotes the 
gene expression of proinflammatory cy-
tokines, such as TNF-α and IL-6, within 
minutes after LPS exposure (4,6,7). Ex-
cessive production of these cytokines by 
immune cells results in cytokine storm, 
which induces tissue damage and organ 
dysfunction, the consequence of which is 
called severe sepsis (8).

Clinical trials of early sepsis mediator- 
targeted therapies have demonstrated 
limited success due to their narrow 

deaths caused by HIV, breast cancer or 
stroke (1,2).

When a pathogen invades a human 
body, toll-like receptors on the sentinel 
cells promptly recognize pathogen- 
associated molecular patterns (PAMPs), 
and subsequently initiate the first line of 
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CO2 gas was administered for another 
5 min after animals lost consciousness. 
All intraperitoneal injections, sacrifices for 
organ removal and tail bleeding assays 
were performed under isoflurane anesthe-
sia. Experimental animals were allowed to 
inhale isoflurane with 100% O2 gas for 60 s 
to minimize suffering.

DNa Constructs and Protein 
Preparation

pET28a-annexin A5 was constructed 
by Polymerase Chain Reaction (PCR) 
using template annexin A5 (Addgene) 
and primers TTTGG ATCCA TGGCA 
CAGGT TCTCA GAGG and AAAGA 
ATTCG TCATC TTCTC CACAG 
AGCA (Cosmo Genetech Co.). The 
PCR fragment was cloned into BamHI 
and EcoRI sites of the PET28a vector. 
pET28a- annexin A5 plasmids were trans-
formed into the competent BL21(DE3) 
Escherichia coli strain (NEB). Protein 
expression was induced by 1 mmol/L 
 isopropyl-b-D-thiogalactopyranoside 
(IPTG) (Bio Basic Inc.) at 37°C for 5 h. 
The cultured cells were harvested by 
centrifugation and the pellet was lysed 
in the SoluLyse buffer (Genlantis) for 
bacterial protein extraction containing 
lysozyme (100 μg/mL) (Gibco BRL),  
5 mmol/L DTT (Bio Basic Inc.) and de-
oxynuclease I (200 U/mL) (Invitrogen). 
The suspension was incubated at room 
temperature for 2 h and centrifuged at 
10,000g for 10 min. The lysate was puri-
fied by Ni+ affinity chromatography with 
Ni-NTA agarose (Qiagen) according to 
the manufacturer’s protocol. The eluted 
protein was concentrated with 10 K  
centrifugal filter devices (Merck- 
Millipore). The concentrated protein 
analyzed using 12% gradient SDS–
PAGE gels and Coomassie Brilliant Blue 
staining, and anti-annexin A5 antibody 
(abcam). Endotoxin was removed from 
purified proteins by using Triton X-114 
Surfact-Amps detergent (Thermo Scien-
tific). Endotoxin level (less than 0.1 EU/
mg protein), and the level of bacterial 
DNA (0.1 ng/mg protein) were assessed 
using Limulus amoebocyte lysate (LAL) 
QCL-1000 (LONZA Ltd.) and Picogreen 

TLR4/MD2 receptor (5,27,28). The thera-
peutic potential of annexin A5 in sepsis has 
mainly been investigated by examining 
the role of annexin A5 as an endotoxin 
inhibitor (5,28). The capacity of annexin A5 
to block TLR4/MD2 signaling prompted 
us to question whether annexin A5 can 
also antagonize the interaction between 
HMGB1 and TLR4/MD2.

In this study, we hypothesized that 
annexin A5 can block the binding of 
HMGB1 to TLR4/MD2, and lead to 
changes in two major aggravating fac-
tors in sepsis, including (a) suppression 
of HMGB1-mediated proinflammatory 
response in immune cells and (b) allevia-
tion of the pro-coagulant condition initi-
ated by HMGB1. We found that annexin 
A5 has a protective effect in polymi-
crobial sepsis and late treatment endo-
toxin models as well as LPS-induced 
sepsis models by inhibiting HMGB1 
functions. Overall, our study revealed a 
therapeutic role of annexin A5 in sepsis 
by inhibiting HMGB1-mediated proin-
flammation and coagulation responses.

MaTErIaLS aND METHODS

animals
Six-to-eight-week-old 16–18 g female 

C57BL/6 mice were purchased from the 
Orient Bio Inc. All animal studies were 
performed according to approved proto-
cols by the Institutional Animal Care and 
Use Committee (IACUC) of the Konkuk 
University (Permit Number: KU15058)  
and in accordance with recommendations 
for the proper use and care of the specific 
pathogen-free housing facility at the Konkuk 
University. By survival studies, humane 
endpoints were used to minimize suffer-
ing. In case clinical signs of the moribund 
state were recognized, the animals were 
euthanized by CO2 euthanasia (29). The 
signs of the moribund state included im-
paired mobility (unable to reach food and 
water), inability to maintain upright posi-
tion, prolonged lack of activity and labored 
 breathing (29). As soon as such signs had 
been observed, the animals were placed in 
the CO2 chamber, and low flow of CO2 gas 
was administered. One  hundred percent 

therapeutic windows, which directed 
new attention toward late-acting medi-
ators such as high-mobility group box 
1 protein (HMGB1) (6,9). HMGB1 is 
a highly conserved non-histone DNA 
binding nuclear protein, functioning 
as a damage-associated molecular pat-
tern (DAMP) upon release by dying 
cells or activated immune cells (10–12). 
Once emitted into extracellular milieu, 
HMGB1 physically interacts with various 
receptors in immune cells. In particu-
lar, binding of HMGB1 to TLR4/MD2 
complex plays a critical role in cytokine 
production (13,14). HMGB1-mediated 
proinflammatory cytokine production 
may further deteriorate organ dysfunc-
tion, and it has been established that the 
control of HMGB1 is crucial in the man-
agement of sepsis (6,15,16).

HMGB1-specific neutralizing anti-
bodies were shown to be successful in 
controlling sepsis in animal models, 
which led to further development 
of methods to antagonizing HMGB1 
(6,16–19). Many of these therapeutic 
strategies focused on the attenuation 
of HMGB1-mediated proinflammatory 
response. However, recent studies have 
revealed that in addition to mediating 
late stage-inflammatory response by 
immune cells, HMGB1 signaling in 
platelets play a critical role in thrombus 
formation and other hyper-coagulation 
processes, which exacerbates tissue 
damage and aggravates severe sepsis 
(11,12,20–22). In clinic, the serum level 
of HMGB1 and prognosis of organ fail-
ure appeared to be positively correlated 
in a septic patient with disseminated 
intravascular coagulopathy (DIC) (23).

Annexin A5, or the human placental 
anticoagulant protein-I (PAP-I), is a 35 kDa 
Ca2+-dependent phospholipid binding pro-
tein (5). Annexin A5 is known to bind to 
exposed phosphatidylserine on the plate-
let, and withholds further aggregation and 
coagulation processes by forming a protec-
tive 2-Dimensional (2D) crystallized shield 
over the platelet surface (5,24–27). Several 
groups have recently demonstrated that 
annexin A5 exerts an antiinflammatory 
effect through inhibiting LPS binding to 
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antibodies against JNK, p-JNK, p38, 
p-p38, ERK, p-ERK, IkB-α (Cell Signal-
ing Technology) and β-actin (Sigma) 
diluted 1:1,000 in 5% Bovine serum al-
bumin (BSA) and incubated with a goat 
anti-mouse IgG (Abbiotec) conjugated to 
horseradish peroxidase (HRP) secondary 
antibodies (Enzo Life Sciences). Immu-
noreactive bands were visualized by the 
enhanced chemiluminescence reaction.

Determination of Serum Levels of 
Organ Damage Markers

Serum levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase 
(ALT) and lactate dehydrogenase (LDH) 
were measured by the Konkuk Univer-
sity Hospital Automatic Hematology 
Analyzer.

Measurements of PMN Infiltration
Lungs were perfused with 4% para-

formaldehyde immediately after being 
excised from mice and kept at 4°C over-
night. Fixed lung tissue was washed 
with distilled water for 2 h to remove 
Paraformaldehyde (PFA). Tissue process-
ing was done using Auto Leica Tissue 
Processor 1020 (Leica Biosystems) that 
allowed for automatic control of tissue 
infiltration, dehydration and infiltration 
under vacuum. Lung tissue was perfused 
in formalin solution for 2 h and the pro-
cedure was repeated twice. Fixed lungs 
were then immersed into 70%, 80%, 90% 
and 100% ethanol, sequentially. After 
immersing in xylene, the tissues were 
embedded in paraffin and 7-μm sections 
were prepared. Slides were stored over-
night at 65°C for deparaffinization. Tis-
sues were hydrated by alcohol and rinsed 
with distilled water for 10 min. Tissues 
were then stained with hematoxylin 
(Merck) and eosin (Merck). Images were 
captured with a digital camera (Nikon 
DS-Ri1) coupled to a Nikon Eclipse Ni 
 microscope under 20× magnification.

Tail Bleeding assay
Tail bleeding assay was performed as 

previously described (31). Mice were injected 
intraperitoneally with 50 mg/kg LPS or 
intravenously with 300 ug HMGB1.  

Flow Cytometry
Dendritic cells were stained with a Flu-

orescein isothiocyanate (FITC)-conjugated 
CD11c DC surface antibody, Phycoerythrin 
(PE)-conjugated CD40, CD80 and CD86 
(Biolegend) DC maturation antibodies, 
respectively. T cells were stained with an 
APC anti-mouse CD3 (Biolegend), and 
analyzed using FACS Calibur cytometry 
with BD CELL Quest Pro software.

Cytokine Level Measurements
The concentrations of proinflamma-

tory cytokines IL6, TNFα, IL10 and 
HMGB1 in cell supernatants or serum 
were quantified by using commercially 
obtained enzyme-linked immunosorbent 
assay (ELISA) kits. The ELISA kits for 
measurement of IL6, TNFα and IL10 
were all purchased from eBioscience. The 
ELISA kits for measurement of HMGB1 
were purchased from Sino Biological Inc. 
The Elisa kits for measurement of total 
protein C and tissue factor is purchased 
from Cusabio  
Biotech Co. Each assay was carried out 
according to the instructions provided by 
the manufacturer.

Western Blot analysis
Bone marrow dendritic cells (4 × 106) 

were incubated with LPS (50 ng/mL) 
with or without annexin A5 protein  
(20 μg/mL) for 0, 10, 30, 60 or 120 min.  
Cells were scraped, washed, centrifuged 
and resuspended on ice in the RIPA 
protein extraction solution (50 mmol/L 
Tris-Cl [pH 8.0], 150 mmol/L NaCl,   
1 mmol/L phenylmethylsulphonyl 
fluoride [PMSF], 0.1% sodium dodecyl 
sulphate [SDS], 1% Nonidet P-40 [NP-
40] and 0.5 mmol/L EDTA; Elpis Bio-
tech) for 30 min. Protein concentrations 
were determined by a Bradford protein 
method. Equal protein quantities from 
each group were mixed with the SDS-
PAGE loading buffer (250 mmol/L Tris-
HCl, pH 6.8, 0.5 mol/L DTT, 10% SDS, 
0.5% bromophenol blue, 50% glycerol), 
boiled for 10 min, separated by SDS-
PAGE and transferred to polyvinylidene 
difluoride membranes (Roche Ltd). The 
membranes were probed with mouse 

assays ( Invitrogen), respectively. Protein 
concentrations were determined by a  
Bradford protein assay kit (Thermo  
Scientific).

LPS-Induced Endotoxemia Model
Mice were intraperitoneally injected 

with 50 mg/kg of LPS (E. coli serotype 
O127:B8) (Sigma) dissolved in Phosphate 
buffered saline (PBS). Each mouse was 
intravenously injected with 500 μg an-
nexin A5 protein dissolved in 100 μL PBS 
as indicated.

Cecal Content Injection  
(CCI)-Induced Sepsis Model

Cecal content injection-induced sepsis 
models were generated as previously 
described (30). After being euthanized by 
CO2 inhalation, cecectomy was performed 
and the cecal contents were extruded  
with a cotton swab into a Petri dish. PBS 
was added to a final concentration of  
20 mg/mL, which was then minced using 
ground glass. Mice were intraperitoneally 
injected with 1 mL of homogenized cecal 
contents. Each mouse was intravenously 
injected with 500 μg annexin A5 (in  
100 μL PBS) concurrently with CCI challenge.

Isolation of Bone Marrow-Derived 
Dendritic Cell

Monocytes were isolated from the 
bone marrow of C57BL/6 mice, which 
were then cultured in the RPMI 1640 
medium ( Biowest) supplemented 
with 10% fetal bovine serum, 50 U/
mL penicillin/ streptomycin, 2 mmol/L 
L- glutamine, 1 mmol/L  sodium pyru-
vate, 2 mmol/L nonessential amino acids, 
10 ng/mL granulocyte- macrophage colony- 
stimulating factor (GM-CSF) (Peprotech) 
and 5 ng/mL IL4 (Peprotech) at 37°C with 
5% CO2. The monocytes were incubated for 
6 d before being used in the experiment.

TLr Signaling-related reagents
Lipopolysaccharides obtained from 

E. coli O111:B4, Pam3CSK4, Poly(I:C), 
Imiquimod, ODN1826 and MAb 
mTLR4/MD2 were all purchased from 
InvivoGen. Human HMGB1 (His tag) 
was purchased from Sino Biological Inc.
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survival rate of LPS-injected mice in the 
annexin A5 treatment group compared 
with the survival rate in the LPS-only 
challenged group. This shows that an-
nexin A5 apparently has a therapeutic 
effect in the LPS-induced endotoxemia 
model.

To confirm the protective role of 
annexin A5 in a polymicrobial septic 
condition, a CCI-induced sepsis model 
was generated (30). C57BL/6 mice 
were intraperitoneally injected with a 
lethal dose (20 mg/mouse) of homog-
enized cecal contents. Each mouse was 
intravenously injected with 500 μg (in 
100 μL PBS) of annexin A5 protein con-
currently with CCI challenge. Annexin 
A5 treatment group exhibited signif-
icant protection against CCI-induced 
mortality compared with the CCI alone 
group (Figure 1B). We also confirmed 
the effectiveness of Annexin A5 treat-
ment in the CCI model with the dose 
of 15 mg/mouse, LD50 (Figure S2). 
This implies that the therapeutic effect 

All supplementary materials are available 
online at www.molmed.org.

rESULTS

annexin a5 Has a Therapeutic 
Effect in the Cecal Content Injection 
Model as well as in the LPS-Induced 
Endotoxemia Model

To evaluate the therapeutic efficacy of 
annexin A5 in endotoxemia, we adopted 
the LPS-induced endotoxemia model 
as follows. We synthesized the recom-
binant human annexin A5 protein by 
transforming pET28a-annexin A5 plas-
mids into the Escherichia coli BL21 (DE3) 
strain. Having confirmed the expression 
of the protein by assessing its size and 
purity (Figure S1), we injected C57BL/6 
mice intraperitoneally with lethal doses 
of LPS (50 mg/kg). Simultaneously, 
each mouse was intravenously injected 
with 500 μg (in 100 μL PBS) annexin 
A5 protein. As shown in Figure 1A, an-
nexin A5 injection significantly increased 

Annexin A5 (500 μg/mL) was intravenously 
administered as  described. Twelve hours 
after the annexin A5 injection, each mouse 
was placed in prone position. Distal 1 cm 
of the tail tip was amputated with a scal-
pel and the tail was instantly immersed 
into a 50 mL tube containing PBS (37°C). 
Each mouse was monitored until no 
more bleeding was observed for 1 h, and 
they were euthanized by CO2 inhalation 
method. We estimated the blood volume 
that flowed out of the tails by calculating 
the mass of the 50 mL tube and mea-
sured the total bleeding time.

Statistical analysis
All data were presented as the mean ± SD 

of three independent experiments. Indi-
vidual data points were compared by the 
Student t test. Survival of mice was  
analyzed by the Kaplan-Meier method 
followed by the log-rank test. Analysis 
was performed using SPSS software  
(version 22.0). Differences between groups 
were considered significant at P < 0.05.

Figure 1. Annexin A5 treatment enhances survival in LPS-induced and cecal content injection-induced sepsis model. (A) endotoxemia 
model: C57BL/6 mice were intraperitoneally injected with lethal doses of LPS, 50 mg/kg. Concurrently, each mouse was injected intrave-
nously with 500 μg annexin A5 (in 100 μL PBS) and monitored for 50 h. * - indicates significant differences (P < 0.05) from data obtained 
during the LPS-only challenge. (B) cecal content injection model: C57BL/6 mice were intraperitoneally injected with 20 mg of cecal con-
tents. Each mouse was intravenously injected with 500 μg (in 100 μL PBS) annexin A5 protein concurrently with CCI challenge and mon-
itored for 50 h. * - Indicates significant differences (P < 0.05) from data obtained during the CCI challenge. In both (A) and (B), the line 
graph illustrates survival of C57BL/6 mice in different treatment groups over time. We monitored survived mice in each group for another 
three weeks, no unexpected death was observed. Each group consisted of 6 mice and the experiments were performed twice. Annexin 
A5 is abbreviated as “Ann V” and control group as “con.”
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kidney functions. As shown in Figure 3B, 
serum levels of AST, ALT and BUN were 
substantially increased during the 18-h 
period after LPS injection. However, 
their concentrations at similar time pe-
riods were significantly reduced when 
annexin A5 was co-administered with 
LPS. These results suggest that annexin 
A5 treatment may reduce organ damage 
during LPS-induced endotoxemia.

Cellular infiltration of polymorpho-
nuclear leukocytes (PMN) causes direct 
tissue damage by releasing lysosomal en-
zymes and superoxide-derived free radi-
cals (7). To assess the potential reduction 
of tissue damage by annexin A5, we exam-
ined PMN infiltration in the lung follow-
ing LPS challenge. Massive lung PMN 
infiltration was observed following LPS 
injections, while co-administration of an-
nexin A5 and LPS significantly reduced 
the amount of PMN infiltration ( Figure 3C). 
This result implies that annexin A5 pro-
tein has a protective effect against tissue 
damage caused by LPS.

annexin a5 Dampens HMGB1-
Mediated Proinflammatory response 
by Inhibiting TLr4 Signaling in 
Dendritic Cells

It has been reported that inhibition 
of LPS-TLR4 signaling is ineffective in 
protecting LPS-induced organ damage 
in mice once the amount of cytokines 
in serum reach toxic level, which oc-
curs within 1–2 h of LPS administration 
(17,19,35). Thus, we hypothesized that if 
annexin A5′s antiinflammatory response 
occurs exclusively via interrupting LPS 
and TLR4 interaction, a delay in treat-
ment will abrogate its protective effect 
in the endotoxemia model. C57BL/6 
mice were injected intraperitoneally with 
50 mg/kg LPS. Three hours after LPS 
challenge, each mouse was intravenously 
injected with 500 μg (in 100μL) annexin A5. 
Surprisingly, a 3-h delay of annexin A5 
injection still significantly increased the 
survival of mice challenged with LPS 
compared with those without annexin 
A5 treatment (Figure 4A). This protective 
effect in delayed administration implies 
that annexin A5 may be able to inhibit 

Figure 2C, relatively strong phosphoryla-
tion of ERK, p38 and JNK were detected 
in DCs within 10 min of the LPS-only 
treatment. However, a concomitant  
administration of annexin A5 significantly 
decreased LPS-induced phosphorylation 
of these proteins in DCs (Figure 2C).  
Furthermore, annexin A5 treatment sta-
bilized the expression of IkB-α, indicat-
ing a suppression of NF-kB activation. 
These results support the notion that an-
nexin A5 inhibits proinflammatory cytokine 
production in DCs during endotoxemia via 
inhibition of TLR4 pathway proteins.

annexin a5 Dampens 
Proinflammatory Cytokine Levels and 
reduces the Magnitude of Organ 
Dysfunction and Tissue Damage in 
LPS-Induced Endotoxemia

Dysregulation of proinflammatory 
cytokine production initiates a cytokine 
storm, which may lead to tissue damage 
and organ dysfunction (8,34). To assess 
the effect of annexin A5 on LPS-induced 
proinflammatory cytokine production 
in vivo, dynamic changes in serum lev-
els of proinflammatory cytokines IL6 
and TNFα were determined following 
annexin A5 administration to mice chal-
lenged with LPS. As shown in Figure 3A, 
injection of LPS led to a rise in serum IL6 
and TNFα concentrations that peaked 
within 3 h after LPS injection and then 
gradually decreased. Notably, annexin 
A5 treatment caused a significant reduc-
tion of the levels of these cytokines in 
serum at each experimental time point. 
This result indicates that annexin A5 
attenuates proinflammatory cytokine 
levels, and, therefore can potentially re-
duce progressive tissue damage during 
endotoxemia.

Since the cytokine storm can in-
duce tissue damage and multi-organ 
failure (8), we examined the effect of 
annexin A5 treatment on LPS-induced 
organ damage by assessing serum con-
centrations of aspartate transaminase 
(AST), alanine transaminase (ALT) and 
blood urea nitrogen (BUN). Elevation of 
these parameters is known to positively 
correlate with impairment in liver and 

of annexin A5 persists in the polymi-
crobial septic condition as well as in 
endotoxemia.

annexin a5 reduces LPS-Induced 
Dendritic Cell activation and 
Maturation Levels by Inhibiting TLr4 
Signaling Pathway in Endotoxemia

Upon encountering the LPS originated 
from bacterial outer membranes, den-
dritic cells upregulate co-stimulatory  
molecules and proinflammatory cytokines 
(32,33). To estimate the antiinflammatory 
effect of annexin A5 in the LPS-induced 
sepsis model, dendritic cells (DCs) were 
obtained from bone marrow of C57BL/6 
mice and incubated with 50 ng/mL LPS 
in the presence of annexin A5 in different 
concentrations (0, 1, 5 and 10 μg/mL).  
DC activation was characterized by mea-
suring LPS-induced release of proinflam-
matory cytokines using ELISA. DC mat-
uration markers CD40, CD80, and CD86 
were then assessed using flow  cytometry. 
In comparison to the LPS-only chal-
lenged group, annexin A5 protein treat-
ment significantly decreased the produc-
tion of proinflammatory cytokines IL6, 
TNFα and IL10 by DCs in a dose depen-
dent manner (Figure 2A). Also, annexin 
A5 treatment decreased the expression of 
maturation surface markers CD40, CD80 
and CD86 by DCs (Figure 2B). These 
results indicate that annexin A5 inhibits 
LPS-induced activation and maturation 
of DCs.

It has been suggested that annexin 
A5 protein can inhibit TLR4 signaling 
pathway by interrupting the interaction 
of LPS with the TLR4/MD2 complex (5). 
Thus, we reasoned that downregula-
tion of cytokine production in DCs by 
annexin A5 (Figure 2A) may occur via 
inhibition of TLR4 signaling pathway. 
To confirm the relevance of TLR4 sig-
naling for the attenuation of cytokine 
production by annexin A5, various 
signaling proteins in the TLR4 pathway 
were assessed by Western blot. DCs were 
cultured in the presence of annexin A5 
protein (20 μg/mL) and LPS (50 ng/mL), 
and each signaling proteins were probed 
with designated antibodies. As shown in 
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(7,20,40). Since annexin A5 is known to 
exert antithrombotic action by binding 
exposed phosphatidylserine on the plate-
let surface (5,24–27), we determined to 
examine whether annexin A5 maintains 
its anticoagulant property in septic condi-
tion. First, we verified whether LPS  
challenge elevates coagulation status and 
induces annexin A5 binding (Figure S4). To 
investigate whether annexin A5 mitigates 
coagulation during sepsis, a tail bleed-
ing assay was performed. Tail bleeding 
assay is widely used to evaluate effects 
of antiplatelet drugs in murine models, 
and assesses bleeding time and volume 
of blood drained from a tail following 
amputation of its distal section. (31). As 
shown in Figure 5A, co-administration of 
annexin A5 and LPS led to an increase in 
bleeding time and bleeding volume com-
pared with the values of these parameters 
in mice that did not receive annexin A5 
treatment. This observation suggests  
that annexin A5 is able to alleviate LPS- 
mediated coagulation in septic condition.

Suppression of inflammation may  
reduce tissue factor production during 
sepsis, which also improves a patient’s 
coagulation status (41). Activated protein 
C is a well-known innate anti-coagulant, 
and decreased synthesis of protein C is 
one of the characteristics of severe sepsis 
(42). We observed that annexin A5 treat-
ment did not alter plasma level of tissue 
factor and protein C during the same ex-
perimental conditions in the tail bleeding 
assay described above (Figure S5).

To further examine whether the  
annexin A5 maintains its anticoagulant 
property in a late septic condition where 
serum HMGB1 has been elevated, we 
performed an additional tail bleeding 
assay in the delayed treatment model 
and the HMGB1-challenged model. 
Delay in treatment of annexin A5 did 
not abrogate the anticoagulant property 
of annexinA5 in endotoxemia model 
(Figure 5B). Also, we found that HMGB1 
itself promotes coagulation, which is inhib-
ited by the administration of annexinA5 
(Figure 5C). These observations imply 
that annexinA5 may play a role in inhib-
iting the HMGB1-mediated coagulation 

 abrogated HMGB1-mediated IL6 and 
TNFα secretions, which confirms that 
dendritic cells produce HMGB1-mediated 
cytokine via TLR4 signaling. In addition, 
annexin A5 protein treatment signifi-
cantly decreased the production of IL6 
and TNFα in HMGB1 challenged DCs 
compared with those that did not re-
ceive annexin A5 treatment (Figure 4C). 
HMGB1-mediated DC maturation lev-
els were also decreased by annexin A5 
treatment ( Figure S3). We subsequently 
confirmed the antiinflammatory role 
of annexin A5 in mice challenged with 
HMGB1. While injection of HMGB1 led 
to increase in serum level of IL6 and 
TNFα, the levels of these cytokines were 
notably reduced in annexin A5 treatment 
group ( Figure 4D). Both in vitro and 
in vivo demonstrations imply that an-
nexin A5 attenuates HMGB1-mediated 
proinflammatory cytokine levels partly 
by  interrupting HMGB1-TLR4 signaling.

Wang et al. discovered that serum 
HMGB1 levels are elevated in endo-
toxemia models and in patients with 
 sepsis (6). To assess the effect of annexin 
A5 on LPS-induced HMGB1 release, 
in vivo, serum HMGB1 level was deter-
mined following annexin A5 admin-
istration to mice challenged with LPS. 
C57BL/6 mice were injected intraperi-
toneally with 50 mg/kg LPS, followed 
by intravenous injection of 500 μg (in 
100 μL) annexin A5 protein. Three hours 
after the treatment, concentrations of 
HMGB1 in serum and peritoneal cavity 
wash were determined using ELISA. As 
shown in Figure 4E, annexin A5 treat-
ment significantly reduced the serum 
concentration of HMGB1. This result 
implies that annexin A5 may reduce 
HMGB1 release during LPS-induced 
endotoxemia.

annexin a5 reduces LPS- and 
HMGB1-Mediated Pro-Coagulation  
in Septic Condition

Both LPS (38,39) and HMGB1 
(11,12,20) have been suggested to induce 
coagulation, and each substance is con-
sidered as a single factor for aggravating 
tissue impairment in septic patients 

other signaling pathway or to interrupt 
other substances interacting TLR4.

To verify whether annexin A5 can 
interact with other TLR signaling 
 processes, we stimulated dendritic cells 
with several TLR ligands, including  
10 ug/mL Pam3CSK4 (TLR1/2),  
10 ug/mL Poly(I:C) (TLR3), 50 ng/mL 
LPS (TLR4), 5 ug/mL Imiquimod (TLR7) 
and 50 ug/mL ODN1826 (TLR9). Each 
designated groups were incubated with 
Annexin A5 (50ug/mL). We then charac-
terized CD40 as a DC maturation marker 
by FACS analysis, and determined the 
levels of IL6 and TNFα in supernatant 
as DC activation markers using ELISA. 
As shown in Figure 4B, annexin A5 did 
not alter the expression of CD40 or the 
secretion of IL6 and TNFα elicited by 
the presence of TLR agonists with the 
exception of LPS, a TLR4 agonist. These 
results imply that annexin A5 attenuates 
proinflammatory cytokine exclusively 
via inhibition of TLR4 signaling.

Next, we supposed that annexin A5 
may interrupt the interaction of TLR4 
with substance other than LPS. In search 
of TLR4 interacting substances other 
than LPS, which annexin A5 may inter-
rupt, we looked in HMGB1, a late acting 
mediator, as a strong potential candi-
date. The critical role of TLR4 signaling 
in HMGB1-mediated cytokine release 
has been strongly supported by TLR4 
knockout experiments in immune cells 
(13,14,36). In addition, HMGB1 is known 
to produce proinflammatory cytokines 
via the identical receptor complex 
(TLR4/MD2) as LPS (13,14,37). Thus, 
we hypothesized that annexin A5 may 
inhibit HMGB1-mediated proinflamma-
tory cytokine production by interrupting 
HMGB1 and TLR4 interaction. To test 
our hypothesis, we first confirmed the 
TLR4 dependency of HMGB1-mediated 
cytokine production in dendritic cell. 
DCs or TLR4 Ab (40 μg/mL) treated DCs 
were incubated with 5 μg/mL HMGB1 
in the presence of 50 μg/mL annexin A5. 
We then characterized DC activation by 
measuring HMGB1-induced release of 
proinflammatory cytokines using ELISA. 
As shown in Figure 4C, TLR4 antibody 
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The therapeutic potential of annexin 
A5 as an endotoxin inhibitor in sepsis has 
been established in recent reports. Rand 
et al. first found that annexin A5 reduces 
LPS-induced TNF-α production (28). 
 Arnold et al. also showed that annexin A5 
decreases myocardial TNF-α expression 
by inhibition of LPS binding TLR4/MD2 
complex, improving cardiac function 
and survival during endotoxemia (5). In 
accordance with these observations, we 

clinical setting, the time gap between 
diagnosis of sepsis and the onset of 
infection is inevitable (43). The present 
study highlights the clinical relevance of 
annexin A5 based on the double thera-
peutic potentials, including (a) inhibition 
of inflammation derived by both initial 
and late mediators, LPS and HMGB1, 
respectively, and (b) persistence of 
anti-coagulant property in LPS- and 
HMGB1- induced sepsis model.

process, suggesting the potential use of 
annexin A5 as anticoagulant therapy 
against various septic conditions.

DISCUSSION
In the present study, we explored the 

regulation of LPS- and HMGB1- mediated 
inflammatory response in immune cells 
by annexin A5 and determined the 
therapeutic role of annexin A5 as an 
anticoagulant in the sepsis model. In the 

Figure 5. Annexin A5 reduces LPS- and HMGB1-mediated pro-coagulation in septic conditions. (A) LPS-challenged group: C57BL/6 mice were 
intraperitoneally injected with 50 mg/kg LPS. Concurrently, each mouse was intravenously injected with 500 μg (in 100 μL PBS) annexin A5 
protein. Twelve hours after the treatment, the distal 1 cm-long portion of the tail tip was amputated. (B) delayed treatment group: C57BL/6 
mice were intraperitoneally injected with 50 mg/kg. Three hours after the LPS challenge, each mouse was intravenously injected with 500 μg 
(in 100 μL PBS) annexin A5. Twelve hours after treatment, the distal 1 cm-long portion of the tail tip was amputated. (C) HMGB1-challenged 
group: C57BL/6 mice were intravenously injected with the mixture of 300 μg HMGB1 and 500 μg annexin A5 in 100 uL PBS. Three hours after 
the treatment, the distal 1 cm-long portion of the tail tip was amputated. (A-C) Volume of blood flowed out of tail (in μL) and the time of 
cessation of blood flow (in seconds) were monitored and illustrated on the bar graph. Each group consisted of 3 mice and the experiments 
were performed twice. * - Indicates significant differences (P < 0.05) from data obtained during the LPS- or HMGB1-only challenge.
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the  phosphatidylserine exposed on 
the platelet surface, thereby prohibit-
ing platelet plug formation (5,24–27). 
 Anticoagulation, however, may also be 
indirectly  derived as a secondary conse-
quence of reduced inflammation upon an-
nexin A5  treatment. Thus, we confirmed 
that some factors in coagulation cascade, 
including tissue factor and  protein C, are 
not altered during annexin A5 treatment 
in sepsis models (Figure S5).

The persistent anticoagulant effect 
of annexin A5 in septic conditions has 
interesting clinical implications. In par-
ticular, the systemic activation of blood 
coagulation during sepsis generates and 
deposits fibrin leading to microvascular 
thrombi accumulation in various organs, 
a process that contributes to eventual 
organ dysfunction (22,47). To prevent 
patients from developing the coagulopa-
thy, the adequate use of anticoagulants is 
critical in sepsis treatment. Strong antico-
agulants, however, are often contraindi-
cated for patients with a septic condition 
(48,49). Also, the failure of clinical trials 
associated with anticoagulants in sepsis 
treatment is largely attributed to severe 
bleeding (49). Xigris (a recombinant 
form of the human activated protein C 
marketed by Eli Lilly and Company) 
was once approved by the U.S. Food and 
Drug Administration as sepsis-specific 
therapy, yet was withdrawn later due to 
its severe bleeding risk (5,48,50). In light 
of the existing need for relatively milder 
anticoagulants, the fact that annexin A5 
does not exert a potent antithrombolytic 
effect makes this protein particularly 
promising for sepsis treatment (5,49,51).

There are competing theories of ex-
plaining late deaths in sepsis: one is due 
to intractable inflammation-induced 
organ injury, and the other is owing 
to persistent immunosuppression (52). 
Overall, our group demonstrated the 
effect of annexin A5 based on the former 
point of view. However, annexin A5 ap-
pears to attenuate LPS-induced lymph-
openia (Figure S6), implying a beneficial 
role that can be interpreted based on the 
latter aspect. Since TLR4 inhibition itself 
is known to have no effect in decreasing 

for binding to MD2/TLR4, thereby 
inducing antiinflammatory response. 
However, whether annexin A5 inhibits 
HMGB1 binding to MD2 via competi-
tive or non- competitive manner is yet 
to be solved. Also, since HMGB1 is 
known to interact with other receptors, 
including TLR2 and RANGE, we should 
consider the possibility of the interaction 
between annexin A5 and these receptors 
(10). According to Figure 4B, annexin A5 
and TLR1/2 complex appears to have 
no interaction; since annexin A5 was 
not able to reverse Pam3CSK4 (TLR1/2)- 
mediated dendritic cell activation. 
 Furthermore, annexin A5 is known to 
compete with RAGE for phosphatidylser-
ine binding, which limits the possibility 
of direct binding (45). Our additional 
results partly support these findings in 
that TLR4/MD2 antibody abrogated 
HMGB1-mediated cytokine production 
in dendritic cells, the results of which 
were also reproduced by annexin A5 
treatment (Figure 4C). In addition to this 
HMGB1 antagonizing effect, we demon-
strated in vivo that annexin A5 treatment 
reduced the serum HMGB1 level in LPS 
challenged mice (Figure 4E). The active 
release of HMGB1 by immune cells is 
partially dependent on LPS- mediated 
TLR4 signaling (10,46). We speculate that 
annexin A5 potentially inhibits the re-
lease of HMGB1 by inhibiting both LPS- 
and HMGB1-mediated TLR4 signaling. 
Together, our results demonstrate that 
persistent therapeutic effect of annexin 
A5 in delayed treatment model are  
derived from annexin A5′s double 
protecting capacity against LPS- and 
HMGB1- mediated immune responses.

In the study we also identified that the 
anticoagulant property of annexin A5 
plays an important role in prolonging 
the survival under LPS- and HMGB1- 
induced sepsis. By using a tail bleeding 
assay, we confirmed the persistence of 
annexin A5′s anticoagulant capacity 
in various septic conditions including 
LPS and HMGB1 exposure (Figure 5). 
We postulate that annexin A5 exerts 
its anticoagulant property shown in 
the sepsis models by directly shielding 

confirmed that annexin A5 reduces the 
production of LPS-induced proinflamma-
tory cytokines IL6 and TNFα via block-
ing of TLR4 signaling in dendritic cells 
(Figure 2). We also found that annexin 
A5 treatment improves tissue damage 
and liver function in sepsis, consistent 
to the reduction of proinflammatory cy-
tokine production (Figure 3). Blockage 
of LPS-TLR4 signaling, however, cannot 
fully explain the protective effect of an-
nexin A5 against endotoxin lethality in 
delayed treatment model (Figure 4A). 
For example, therapeutic efficacy of an-
other potential candidate to treat sepsis 
condition, the platelet-activating factor, 
was greatly diminished when the  
treatment was delayed by 3 h (44).

We postulated that the protective  
effect of annexin A5 in delayed treatment 
model (Figure 4A) is derived by blocking 
HMGB1, a late-acting mediator of sys-
temic inflammation. It is well established 
that HMGB1 plays a role as a DAMP 
via TLR4 signaling, which promotes late 
proinflammatory cytokine production 
(6,9,13,14). Delayed administration of 
neutralizing anti-HMGB1 antibodies 
still protect against sepsis lethality (6,9). 
Antagonizing HMGB1 downregulated 
HMGB1-indcued TNFα and IL-6 release 
(6,9,13,14) and reduced liver damage 
(13). In accordance with these observa-
tions, we demonstrated both in vitro and 
in vivo that HMGB1 elevates proinflam-
matory cytokine TNFα and IL-6, and 
annexin A5 dampen the secretion of 
these cytokines (Figure 4C, D). Since 
inhibition of LPS binding TLR4/MD2 
complex is the key mechanism of how 
annexin A5 suppresses LPS-mediated 
cytokine production, we postulated 
that annexin A5 may be able to inhibit 
HMGB1 binding to TLR4/MD2 com-
plex (13,14,37). Recently, Yang et al.  
reported that HMGB1 binds to MD2 
and showed that MD2-deficient mac-
rophage fails to produce cytokine (13). 
They further identified that HMGB1 
typically binds to MD2 domain within 
the TLR4 receptor when it is in disul-
fide form (13). Annexin A5 appears to 
compete with disulfide from of HMGB1 
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LPS-induced lymphopenia (53), the exact 
mechanism of annexin A5 attenuating 
lymphocyte clearance in sepsis remains 
for future study.

CONCLUSION
In summary, our present study 

demonstrated that annexinA5 inhibits 
TLR4-mediated immune response by 
blocking the interaction of both LPS 
and HMGB1 with TLR4/MD2. We 
showed that annexin A5 exerts a double- 
protecting effect on proinflammation, as 
well as persistency of its anticoagulation 
capacity during various septic condi-
tions. Together, these findings suggest 
annexinA5 as a promising alternative 
therapeutic approach for treatment of 
patients with sepsis.
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