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S1P Lyase Inhibition
Starting After
Ischemia/Reperfusion
Improves Postischemic
Cardiac Remodeling
Adjunct cardioprotection beyond that conferred by
coronary reperfusion in the setting of acute myocar-
dial infarction (AMI) has been a conceptual, experi-
mental, and clinical challenge for many years.1

Despite promising animal studies, numerous ap-
proaches have failed to improve outcomes after AMI
in clinical trials, which has been attributed to the
already excellent clinical outcome and normalized
ejection fraction in AMI patients undergoing timely
revascularization.1 Nevertheless, more than 10% of
patients might not benefit from coronary revascular-
ization because of delay of symptom onset and clin-
ical presentation, and a substantial proportion of
patients (more than 10%)—eg, latecomers—are not
eligible for the standard interventional procedure.1

Especially in these patients, heart failure with
reduced ejection fraction (HFrEF), disability, and
mortality are frequent. On the other hand, even the
high rate of revascularization does not completely
prevent functional impairment of left ventricular
function and HFrEF, which has profound socioeco-
nomic impact as well as high morbidity and mortality.
Therefore, druggable targets to improve cardiac
remodeling in addition to revascularization and in-
dependent of initial infarct size are still urgently
needed.

Reduced plasma levels of the endogenous bioac-
tive sphingolipid S1P have been linked to the inci-
dence and severity of coronary artery disease, AMI,
and HFrEF.2 Experimentally, administration of S1P or
its clinical analogon fingolimod (Gilenya, Novartis)
before cardiac ischemia/reperfusion (I/R) has been
shown to reduce infarct size and improve cardiac
function in mice and pigs.3,4 Accordingly, high
endogenous S1P caused by genetic or pharmacologic
inhibition of S1P degradation by the S1P lyase before
I/R has also proven beneficial.5 However, such ap-
proaches are not applicable in the clinical situation
where drug therapy were initiated during or after
revascularization and must decrease reperfusion
injury and/or improve cardiac remodeling if it were to
be considered truly adjunct. Such drugs are dearly in
demand.

In our study, we thus tested whether the admin-
istration of the S1P lyase inhibitor 4-deoxypyridoxine
(DOP) starting 24 hours after a 30-minute ischemia
followed by reperfusion of the left descending
artery in mice may fulfill these criteria. Remarkably,
DOP treatment (5 mg/kg orally) reduced scar
formation by 50% on histomorphometry and
improved ejection fraction by 20% on
echocardiography 28 days after I/R (Figure 1). End-
systolic volume was reduced by 23% (control: 47.11
� 11.06 mL vs DOP: 36.21 � 7.57 mL; P ¼ 0.016),
whereas end-diastolic volume was unchanged
(control: 70.98 � 7.69 mL vs DOP: 64.39 � 10.34 mL;
P ¼ 0.13). Invasive blood pressure measurements
showed no change in afterload (Pmax: control:
82.26 � 16.70 mm Hg vs DOP: 84.83 � 0.53 mm Hg;
P ¼ 0.77; Pmin: control: 56.90 � 9.84 mm Hg vs
DOP: 58.63 � 0.33 mm Hg; P ¼ 0.74; n ¼ 5 not shown).

Remodeling after AMI is a complex process
involving inflammation, scar formation, and
myocardial adaptation, and it is conceivable that S1P
signaling may play a role in these processes. The S1P
receptor 1 (S1PR1) is extremely important in medi-
ating all these effects in cardiac endothelial cells, fi-
broblasts, and myocytes. Because several S1PR1
agonists besides fingolimod (Gilenya), such as ozani-
mod (Zeposia, Celgene) and siponimod (Mayzent,
Novartis), have been recently approved for relapsing
multiple sclerosis, they may appear as an attractive
and easy-to-implement adjunct drug therapy to
improve cardiac performance after revascularization.
Understanding the biological S1P signaling pathways
leading to a better cardiac recovery after I/R is of
utmost relevance for the development of any
S1P-based adjunct cardioprotective pharmacologic
therapy initiated during or after coronary
revascularization.
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FIGURE 1 DOP Treatment Starting After Coronary Reperfusion Prevents Adverse

Cardiac Remodeling at 28 Days After Ischemia/Reperfusion in the Mouse

DOP treatment starting 24 hours after ischemia/reperfusion improves long-term

remodeling measured by (A) scar formation measured by Picro-Sirius Red (control:

24.37% � 11.01% vs DOP: 12.36% � 5.13%; P ¼ 0.010); and (B) ejection fraction on

echocardiography (control: 35.52% � 3.54% vs 43.94% � 5.94%; P ¼ 0.002); un-
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ventricle.
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