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Deletion of the adenosine A2A receptor increases the survival rate
in a mice model of polymicrobial sepsis
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Abstract
We aim to investigate the role of A2A receptor in peritonitis-related sepsis by injection of a fecal solution (FS) as a model of
polymicrobial infection. C57/black J6 wild-type (WT) and A2A-deficient mice (A2AKO) were exposed to sepsis induced by
intraperitoneal injection of a FS (FS-induced peritonitis) or instead was injected with saline buffer (Sham). Survival rate and
sepsis score were measured up to 48 h. The presence of bacteria in tissue homogenates was analyzed. Telemetry and speckle laser
Doppler were used for systemic blood pressure and peripheral blood perfusion analysis, respectively. Histological analysis and
identification of active caspase 3 were performed in selected organs, including the liver. The survival rate of A2AKO mice
exposed to FS-induced peritonitis was significantly higher, and the sepsis score was lower than their respective WT counterpart.
Injection of FS increases (50 to 150 folds) the number of colonies forming units in the liver, kidney, blood, and lung inWTmice,
while these effects were significantly attenuated in A2AKO mice exposed to FS-induced peritonitis. A significant reduction in
both systolic and diastolic blood pressure, as well as in the peripheral perfusion was observed inWT and A2AKOmice exposed to
FS-induced peritonitis. Although, these last effects were significantly attenuated in A2AKOmice. Histological analysis showed a
large perivascular infiltration of polymorphonuclear in the liver of WT and A2AKO mice exposed to FS-induced peritonitis, but
again, this effect was attenuated in A2AKO mice. Finally, high expression of active caspase 3 was found only in the liver of WT
mice exposed to FS-induced peritonitis. The absence of the A2A receptor increases the survival rate in mice exposed to
polymicrobial sepsis. This outcome was associated with both hemodynamic compensation and enhanced anti-bacterial response.
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IL Interleukins
iNOS Nitric oxide inducible synthase
NF- κB Nuclear factor κB
NO Nitric oxide
TNFα Tumor necrosis factor α
VEGF Endothelial growth factor

Introduction

Sepsis has been defined as a life-threatening systemic dys-
function linked with deregulation of the host response
to bacteria, fungi, viruses, or parasites infections [1]. Sepsis
is the leading cause of mortality in critical care units [2], with a
mortality rate between 25 and 77% [3]. Despite this high neg-
ative impact in social, epidemiological, and health care [4], the
pathophysiology of sepsis is not completely understood.

Current understanding of the pathophysiology of sepsis
involves an imbalance between the synthesis of pro-
inflammatory cytokines (such as interleukin-6) [5] and anti-
inflammatory cytokines (such as interleukin-10) [6] that pro-
motes an immunosuppressive state, which in turn leads to
uncontrolled infection, sepsis progression, multisystem fail,
and death [7]. The liver plays a central role in metabolic he-
mostasis and the host defense against pathogens; albeit, liver
function can be acutely compromised by shock as in severe
sepsis. Indeed, the development of liver failure in sepsis is
recognized as a major complication, which contributes to the
severity of the sepsis and limits positive outcomes [8]. Also,
septic patients exhibit generalized hemodynamic failure and
decline in tissue perfusion [9–11] associated with both macro-
and microvascular alterations and endothelial dysfunction [7].
All of those alterations involve paracrine mediators such as
adenosine [12].

High plasma levels of adenosine (ADO), a nucleotide de-
rived from the metabolism of adenosine triphosphate (ATP),
have been described in septic patients [13]. The clinical sig-
nificance of this elevation is unclear. But, adenosine activates
a family of G-coupled protein membrane receptors identified
as adenosine receptors type A1, A2A, A2B, and A3, which are
involved in the regulation of inflammation, immunity, vascu-
lar tone, hemostasis, angiogenesis, among others key homeo-
static process [14, 15] altered in septic patients.

In sepsis, the A2A receptor expressed by antigen-presenting
cells [16], lymphocytes [17], and neutrophils [12] has been
initially associated with anti-inflammatory effects [18–20].
The relevance of A2A adenosine receptors in sepsis has been
further confirmed using mice lacking this receptor (A2AKO).
However, reports using A2AKO are contradictory. For in-
stance, compared to wild-type (WT) mice, some reports indi-
cate that A2AKO mice have increased mortality when sepsis
was generated by monomicrobial infection [21], while other
reports indicate that these mice have increased survival rate

when sepsis was generated by polymicrobial infection [22,
23]. Among several differences between the models of sepsis
in A2AKO mice, appears that in sepsis generated by
polymicrobial infection (i.e., cecal ligation and puncture
(CLP)), A2AKO mice exhibit longer survival rates, reduced
anti-inflammatory response, and limited systemic bacterial
progression than their WT counterparts [8, 21, 22, 24], sug-
gesting that participation of A2A in sepsis is more complex
than initially thought. Due to the ubiquitous expression of A2A

on different cells belong to cardiovascular, immune, or hepatic
systems, it is highly probable that lacking A2A also interferes
in the normal function of those systems.

In the cardiovascular system, there is no information on
how the lack of A2A receptors may interfere in the hemody-
namic alterations observed in septic mice. This is relevant
since it is well-characterized that WT mice exposed to CLP
exhibit an hypodynamic phase 24 h after infection insult. This
hypodynamic phase is characterized by a decrease in cardiac
output, mean blood pressure, oxygen utilization, and impor-
tantly, a reduction in the blood flow perfusion in organs such
as the intestine, spleen, and kidneys. All these changes are
associated with an increase in vascular resistance [25].
Whether the A2A receptor is participating in these hemody-
namic and tissue perfusion changes during sepsis is unknown.
Although, activation of the A2A receptor generates vasodila-
tion under physiological conditions [26, 27], while the
endotoxin-induced hypotension is not further affected after
A2A stimulation [28].

This study aims to investigate the role of A2A receptor in
peritonitis-related sepsis by injection of a fecal solution (FS-
induced peritonitis) as a model of polymicrobial infection.
Our a priori hypothesis was that A2AKO mice exposed to
FS-induced peritonitis has a better survival rate associated
with reduced bacteremia and vascular alterations than their
WT counterpart.

Methodology

Animals and ethics

C57BlackL/6 mice were purchased from the animal facility of
the Pontificia Universidad Católica de Chile (PUC). Dr.
Jiang-Fan Chen from Boston University, USA, donated
A2AKO mice. The generation of A2AKO mice has been de-
scribed in detail previously (Chen et al., 1999). In brief, an
A2A receptor genomic fragment was split by a positive selec-
tion marker (neomycin cassette), which replaced the 3′ end of
exon 2, the adjacent 5′ splice junction, and intron sequences.
Confirmation of A2AKO was performed using the amplifica-
tion of neomycin cassette using PCR.Mice were housed at the
Universidad de Valparaiso, Chile animal facility where they
were kept under standard environmental conditions, which
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