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Spns2/S1P: it takes two to tango with
inflammation and metabolic rewiring

during sepsis

Tineke Vanderhaeghen®?, Jolien Vandewalle®*" & Claude Libert**"

Sepsis is the result of a dysregulated host
response to an infection and causes high
morbidity and mortality at the intensive
care units worldwide. Despite intensive
research, the current management of sep-
sis is supportive rather than curative.
Therefore, new therapeutic interventions
for sepsis and septic shock patients are
urgently needed. In this issue of EMBO
Reports, Fang et al have used rat sepsis
models to show that macrophage-
expressed SPNS2, a major transporter of
S1P, is a crucial mediator of metabolic
reprogramming of macrophages during
sepsis which regulates inflammation via
the lactate-ROS axis.
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epsis is defined as a life-threatening

organ dysfunction caused by a dysre-

gulated host response to an infection
(Singer, 2016). With 49 million cases and 11
million deaths per year worldwide, sepsis
remains a huge unmet medical need and
challenge for science and the healthcare sys-
tem (Rudd et al, 2020). The current manage-
ment of sepsis relies on antibiotic treatment,
hemodynamic stabilization, and support of
failing organs. One of the key aspects herein
is early recognition of sepsis so that (spe-
cific) antibiotics and other interventions can
be started rapidly before organ dysfunction
sets in or aggravates. In general, the

improvements made in sepsis management
are generally attributed to earlier recognition
and rapid intervention, rather than finding
new mechanistic insights which may lead to
new therapies.

Based on the positive results obtained in
preclinical sepsis animal models, a lot of
clinical trials have been performed with anti-
inflammatory agents such as glucocorticoids
(GCs), cytokine antagonists such as anti-
TNF or coagulation modulating therapies;
however, none of these therapies have dem-
onstrated a significant survival benefit in
sepsis patients (Cohen et al, 2015). There are
several reasons behind the big gap between
preclinical animal research and the transla-
tion to the bedside. On the one hand, the
choice of animal species and sepsis model
applied is crucial (Libert et al, 2019). On the
other hand, the mechanism under investiga-
tion is also of great importance. Current
novel immunotherapy approaches in sepsis
research are focusing on restoring or enhanc-
ing the normal functioning of the immune
system to improve the outcome of sepsis
patients rather than merely suppressing the
immune system (Steinhagen et al, 2020).

Immune cell activation during inflamma-
tion is associated with rapid and fundamen-
tal changes in their metabolism. Switching
from oxidative phosphorylation (OXPHOS)
to glycolysis provides energy and building
blocks swiftly to meet their rapid division
and bioenergetic demands during inflamma-
tion. It has become clear that metabolic
reprogramming in activated immune cells is

not only important for their increased energy
demands but can also be directly linked to
their immune cell functions (Vandewalle &
Libert, 2022).

In this issue of EMBO Reports, Fang
et al (2023) have found that Spinster homolog
2 (Spns2) is playing a key role in macrophage
metabolic reprogramming (Fig 1). Spns2 is a
major transporter of sphingosine-1-phosphate
(S1P), a C12 small molecule mainly found in
endothelial cells, but also found in other cells
such as macrophages. The authors found that
Spns2 deficiency (Spns2™/7) in peritoneal
macrophages (PMs) 1is associated with
compromised malate-aspartate shuttle (MAS)
activity. This shuttle is essential for transfer-
ring the electrons from NADH (generated in
the cytoplasm) to the electron transport chain
supporting OXPHOS in the mitochondria. This
process regenerates cytosolic NAD" for the
glycolysis to proceed and electrons in the
mitochondria to generate ATP. Compromised
MAS function could contribute to the mito-
chondrial reorganization as well as increased
lactate  dehydrogenase  (LDH) activity
observed in Spns2™/~ PMs. These changes
support the metabolic switch from OXPHOS
toward glycolysis. Indeed, Spns2~/~ PMs are
characterized by a reduced respiration rate
and increased glucose consumption, increased
NAD'/NADH ratio, and increased lactate pro-
duction in Spns2~/~ PMs under basal condi-
tions. Supplementing Spns2~/~ PMs with S1P
is able to restore OXPHOS, implicating an
essential role for Spns2 via S1P in managing
OXPHOS. The concomitant increase in
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Figure 1. Spns2 as an essential immunomodulator of macrophage function during bacterial infection.
In wild-type macrophages, S1P will be transported via SPNS2 and will induce autocrine (or paracrine) signaling via its receptor. S1P signaling supports MAS function and
promotes mitochondrial dynamics to support OXPHOS. Furthermore, it sustains the pro-inflammatory cytokine production and bacterial killing of macrophages during
inflammation. Spns2 deficiency in macrophages causes more glycolysis due to a reduced functionality of MAS, which leads to lactate accumulation and ROS production.
The overactivity of the lactate-ROS axis drives hyperinflammation and impairs bacterial killing during bacterial infection in a later phase. These effects can be reverted
by S1P supplementation (indicated in red), inhibition of LDH activity via oxamate or reducing ROS levels via mitoquinone. OXPHOS, oxidative phosphorylation; MAS,
malate—aspartate shuttle; GA3P, Glyceraldehyde-3-phosphate; 1,3-BPG, 1,3-bisphosphoglycerate.

intracellular lactate in turn promotes the
inflammatory response by inducing reactive
oxygen species (ROS). ROS generated by mac-
rophages is essential for activating the
immune response on the one hand and for
bacterial killing on the other hand. Indeed,
Spns2~/~ PMs were characterized by hyperin-
flammation upon LPS stimulation and chal-
lenging PMs with Salmonella typhimurium
(S. typhimurium) revealed reduced intracellu-
lar replication in the KO cells. Taken together,
Spns2/S1P signaling in macrophages is impor-
tant to prevent uncontrolled inflammatory
response. Importantly, it remains to be evalu-
ated whether the observations in the
Spns2™/~ PMs could be confirmed using a
drug targeting Spns2 (e.g., SLF1081851).

The authors studied the implications of
these findings in vivo on sepsis models using
transgenic rats with global deletion of Spns2
(Spns2™/~ rats). In three different sepsis
models (cecal ligation and puncture [CLP]-
induced peritoneal sepsis, and Escherichia
coli and S. typhimurium infection), Spns2
deficiency led to a severe innate immune
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response during early stages of sepsis char-
acterized by exacerbated inflammation and
high mortality. This hyperinflammatory
response was quickly suppressed in the
Spns2~/~ rats leading to early innate immu-
nosuppression. The quickly suppressed innate
immune response concurred with higher
levels of unresolved infection in a later stage
in Spns2~/~ rats. These findings reveal a dual
role of Spns2 in sepsis, whereby first Spns2
limits the exaggerated inflammatory response
in the early phase of sepsis, and in a later
phase Spns2 enhances the production of pro-
inflammatory cytokines and bacterial killing.
Targeting Spns2 might thus be a valuable
strategy to combat sepsis. In contrast to immu-
nomodulatory molecules targeting the hyper-
inflammatory (e.g., GCs and anti-TNF) or
hypo-inflammatory phase, Spns2 covers both
phases limiting the risk of treating the patient
in the wrong window. Moreover, targeting the
glycolysis pathway (via mTOR inhibition, or
through pyruvate kinase isoenzyme M2 inhibi-
tion) to inhibit cytokine release has been
shown to undermine bacterial clearance (Van

Wyngene et al, 2018). The hyperinflammatory
phase could be prevented by using oxamate or
mitoquinone; however,
immunosuppression phase seemed to be inde-
pendent of lactate. In contrast, S1P injection in
Spns2™/~ rats was able to restore cytokine
expression in the late phase and enhanced sur-
vival upon CLP surgery in these mice (Fang
et al, 2023). These observations indicate that
Spns2/S1P signaling is necessary to prevent
innate immunosuppression. It remains to be
studied whether S1P is also able to reduce
mortality in WT septic subjects. Plasma S1P
levels inversely correlate with SOFA score in
sepsis patients (Winkler et al, 2019)
supporting the potential of S1P to reduce sep-
sis severity. Whether Spns2 levels on macro-
phages are reduced upon a septic insult has
not yet been described. Of note, Liu
et al (2020) have shown that suppression of
Spns2 expression in alveolar macrophages via
LncRNA-5657 silencing alleviated sepsis-
induced lung injury by inhibiting the inflam-
matory response, indicating that the role
of Spns2 might be organ-dependent (Liu

induction of the
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et al, 2020). Furthermore, to further pinpoint
the specific role of Spns2 in macrophages in
vivo, the authors might want to consider work-
ing with a macrophage-specific knockout line
for Spns2.

To date, no clinical trials have been
performed targeting the Spns2/S1P signal-
ing. To really translate these findings to
human sepsis patients, additional experi-
ments in animal models with increased rele-
vance for human sepsis, for example, pig
sepsis models should be considered to close
the big gap between the positive preclinical
data obtained and before these results can
be translated to the bedside.
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