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FTY720 postconditions isolated perfused heart 
by a mechanism independent of sphingosine 
kinase 2 and different from S1P or ischemic 
postconditioning
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	 Background:	 We investigated the hypothesis that postconditioning by FTY720 (FTY) in isolated perfused mouse hearts is in-
dependent of the sphingosine 1-phosphate (S1P) pathway.

	 Material/Methods:	 Ex vivo hearts were exposed to postconditioning (POST) by either ischemia or FTY720. Protection against isch-
emia/reperfusion (IR) injury was measured by recovery of left ventricular developed pressure (LVDP) and in-
farct size.

	 Results:	 FTY effectively postconditioned (POST) ex vivo hearts against ischemia/reperfusion (IR) injury as measured by 
recovery of LVDP and a low infarct size. FTY protection, unlike S1P but like sphingosine (Sph), was insensitive 
to inhibition of S1P G-Protein Coupled Receptors (GPCRs) or inhibition of PI3 kinase. Protection by FTY and 
Sph was however blocked by inhibitors of PKA and PKG. Thus, FTY follows the same cardioprotective path-
way as Sph. This was further supported by studies of FTY POST in knockout (KO) mice lacking the SphK2 form 
of Sph kinase that is needed for phosphorylation of FTY to an S1P analog. In the absence of SphK2, FTY (and 
Sph) POST was still cardioprotective. This differed from the effect of SphK2 KO on protection by ischemic POST 
(IPOST). IPOST was not effective in KO hearts. To see if the GPCR signaling pathway to protection is normal in 
KO hearts, we looked at POST by GPCR agonists S1P and adenosine. Both provided effective protection even 
in KO hearts suggesting that the problem with IPOST in KO hearts is a low level of S1P available for release 
during IPOST. Thus, pharmacologic POST with FTY or Sph, like adenosine and S1P, is unaffected in the KO.

	 Conclusions:	 FTY720 administered in vivo might behave in a dual manner showing both S1P-like effects and sphingosine-like 
effects. It appears that the latter may have been overlooked and may be the more important in aging hearts.
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Background

Injury to the heart can result from prolonged periods of isch-
emia that extend beyond 20 min [1,2]. Much of the early 
damage arises at reperfusion and thus is referred to as isch-
emia/reperfusion (I/R) injury. Protection against I/R injury can 
be obtained by applying short periods of I/R that either pre-
cede long term ischemia (ischemic preconditioning, IPC) or are 
initiated immediately at the start of full reperfusion (ischemic 
postconditioning, IPOST). These protective regimens have the 
potential to be effective if implemented over the initial 90 min 
of ischemia [2]; after this time irreversible events occur [3]. 
One mechanism for IPC and IPOST involves cellular agonists 
that are released from myocytes via pannexin-1/P2X7 chan-
nels [4,5] in response to brief ischemia. These agonists bind to 
G-protein coupled receptors (GPCRs) initiating a protective re-
sponse [6–9]. Sphingosine-1-phosphate (S1P) has been shown 
to be one of these important endogenous cardioprotectants 
and its effects are mediated by binding to specific cell surface 
S1P GPCRs [9–13].

Of great interest is the sphingosine analog FTY720, which is 
an important immunomodulatory drug that also has cardio-
vascular effects [14,15]. Because FTY720-phosphate is an ef-
fective S1P analog, it has been presumed that FTY720 only 
functions as an S1P pro-drug [14,15]. However, it has recent-
ly been shown that sphingosine also promotes an effective 
cardioprotective pathway, one that is very different from the 
S1P pathway [16,17]. This raises the question of whether FTY 
in its unphosphorylated form might also be able protect via 
the sphingosine pathway.

Sphingosine is phosphorylated to form S1P in an ATP depen-
dent reaction catalyzed by sphingosine kinase. Sphingosine ki-
nase has two isoforms (SphK1 and SphK2) and both are pres-
ent in heart [18–20]. SphK1 appears to be a protective kinase, 
as over expression of SphK1 increases intracellular S1P con-
tent and promotes cell growth and survival [21–23]. Indeed, 
study of SphK1 null (KO) mice demonstrated that the absence 
of SphK1 sensitizes the myocardium to I/R injury and results 
in the loss of both IPC and IPOST [24,25]. In a study of hearts 
from SphK2 KO mice it was shown that they are also more 
sensitive to I/R injury in an isolated perfused heart model, and 
have a diminished response to IPC [26]. Gomez et al. [27] also 
reported a decreased responsiveness to IPC in SphK2 knock-
out mice hearts in vivo. Of interest for the current study is 
the fact that FTY720 is predominantly phosphorylated by the 
SphK2 form [14,28,29], and thus should not be phosphorylat-
ed in SphK2 KO hearts.

Our first objective was to determine whether cardioprotection 
using FTY720 more closely resembled S1P or sphingosine. We 
demonstrate that in an ex vivo heart the acute cardioprotective 

properties of FTY720 resemble sphingosine not S1P, and that 
these cardioprotective effects are even seen in knockout hearts 
that possess an inactivated SphK2 gene (SphK2 KO). Thus, in 
the absence of the SphK2 form of sphingosine kinase, which 
is the form that catalyzes FTY720 phosphorylation, FTY720 is 
still an effective cardioprotectant.

Also important is the recent suggestion that SphK2 directed 
S1P synthesis in mitochondria is important for proper assem-
bly and function of the respiratory chain [30] and that dele-
tion of SphK2 leads to increased susceptibility to mitochon-
drial permeability transition [27]. Because of the importance 
of the membrane permeability transition in I/R injury [31], it 
seemed possible that SphK2 could contribute to cardioprotec-
tion in ways unrelated to its role in providing S1P for binding 
to extracellular receptors. Discerning the role of SphK2 is im-
portant particularly with respect to aging as we have found 
that SphK2 activity, but not SphK1, decreases with aging [16].

Thus, a second objective of the present study was to utilize 
SphK2 knockout mice to determine if SphK2 affects sensitiv-
ity to myocardial IR injury or cardioprotection via a pathway 
unrelated to S1P release and binding to GPCRs. To do this, 
we have looked at an alternate pathway to cardioprotection. 
Sphingosine can also pre- and post-condition the ex vivo heart 
but, unlike S1P, it is independent of the S1P-GPCRs and sub-
sequent PI3 kinase (PI3K) driven pathway [16,17]. Instead, 
sphingosine utilizes a PKA and PKG dependent pathway [17], 
and we have investigated this pathway in SphK2 KO hearts

Material and Methods

D-Erythro-sphingosine and D-Erythro-sphingosine 1-phos-
phate (S1P) were obtained from Biomol Research Laboratories. 
FTY720 was obtained from Cayman Chemicals. L-Erythro-
sphingosine was obtained from Sigma. The S1P1 receptor an-
tagonist VPC23019 was obtained from Avanti Polar Lipids. The 
protein kinase A (PKA) inhibitor PKA-I 14-22 amide myristoylat-
ed, and the protein kinase G (PKG) inhibitor KT5823 were ob-
tained from Calbiochem. The PI3Kinase inhibitor wortmannin 
was obtained from Sigma.

Animals

This study was conducted in accordance with the Guide for the 
Care and Use of Laboratory Animals (National Academic Press, 
Washington DC, 1996), and all procedures were approved by 
the Institutional Animal Care and Use Committee of the San 
Francisco Department of Veterans Affairs Medical Center. Male 
C57BL/6 mice (3–4 months, ca. 25 g) were obtained from 
Jackson Labs. Mice in which exons 2–5 of the SphK2 gene had 
been deleted [26] were bred from a colony obtained from Drs. 
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Shaun Coughlin and Rajita Pappu (Cardiovascular Research 
Institute, University of California, San Francisco) and are re-
ferred to as SphK2 null (KO) mice. These mice, and their wild-
type littermates (WT), were 3 to 4 months of age at the time 
of study. Genotyping using PCR to confirm the absence of ex-
ons 2–5 of SphK2 DNA was routinely performed on tail biop-
sies of 3–4-week-old mice as described previously [26].

Previous studies [26] demonstrated that baseline parameters 
for WT and SphK2 KO hearts are not different. Thus, compari-
son of WT and KO mice revealed no differences in body weight, 
heart weight, heart rate, or left ventricular developed pres-
sure (LVDP) at baseline. The KO mice exhibit no evident phe-
notype, breed normally, have normal vascular development, 
and live a normal lifespan.

Langendorff isolated perfused heart preparation

Mice were heparinized (500 U/kg, IP) and anesthetized with 
sodium pentobarbital (60 mg/kg, IP). Hearts were rapidly ex-
cised, washed in ice-cold arresting solution (NaCl 120 mM, KCl 
30 mM), and cannulated via the aorta. Hearts were perfused 
at 70 mm Hg on a modified Langendorff apparatus at 37°C as 
previously described [22]. Hemodynamic function was moni-
tored by measuring left ventricular developed pressure (LVDP), 
LV end-diastolic pressure (LVEDP), and ±dP/dt via a Mylar pres-
sure sensor inserted into the left ventricle. During periods of 
global ischemia, the hearts were lowered into a thermostated 
chamber to maintain a heart temperature of 37°C.

Ischemia-reoxygenation (IR) and ischemic postconditioning 
(IPOST) protocols

The protocol for IR experiments consisted of a 20 minute equil-
ibration period, followed by 50 minutes of global ischemia and 
40 minutes of reperfusion (reoxygenation). For IPOST, hearts 
were equilibrated for 20 minutes, subjected to 50 min of index 
ischemia, and then reperfusion initiated with four short cycles 
of IPOST consisting of 5 sec of global ischemia and 5 sec of 
reperfusion. This was followed immediately by 40 min of re-
perfusion. LVEDP was initially set at 5 mmHg during equilibra-
tion and subsequent changes measured. Infarct size was mea-
sured at the end of the 40 min of reperfusion by TTC staining. 
Hearts were sectioned, placed in 1% TTC at 37° for 10 min, 
and then placed in 10% formalin. The fixed sections were then 
photographed and infarct size determined by computer analy-
sis [32]. Infarct size is expressed as percent of the area at risk 
which for global ischemia is the whole heart.

Statistical analysis

The data are presented as mean ±SEM and in all cases the 
sample size is n ³4. The significance of the differences in mean 

values for hemodynamics, infarction size, between groups was 
evaluated by one-way ANOVA, followed by post-hoc testing 
(Newman-Keuls). Differences in SphK activity between WT and 
SphK2 KO tissues were evaluated by Student’s t test. P<0.05 
(n=4) was considered statistically significant.

Results

Cardioprotection against ischemia/reoxygenation injury by 
FTY720

We have previously shown [17] that sphingosine can pre- and 
post-condition the ex vivo heart, and that it does so via a dif-
ferent pathway than S1P, i.e., via a PKA and PKG dependent 
pathway independent of S1P GPCRs. FTY720 is a sphingolipid 
which in its phosphorylated form is an important S1P analog. 
However, we postulated that in an ex vivo model the absence 
of extensive systemic phosphorylation would reveal the poten-
tial for FTY720 to behave as a sphingosine analog. We there-
fore examined postconditioning (POST) by FTY720 in the iso-
lated perfused mouse heart to determine if its mechanism of 
cardioprotection resembled sphingosine. Ex vivo hearts from 
C57BL/6 mice were equilibrated for 20 min, exposed to a 50 
min index ischemia, and reperfusion for 40 min in the pres-
ence or absence of FTY720. Study of the concentration depen-
dence revealed that optimum protection against IR injury was 
achieved at 0.6 µM FTY. The recovery of LVDP was improved from 
17±5% in untreated hearts to 76±9% in FTY720 treated hearts, 
and the infarct size was reduced from 42±1% to 6±2% (Figure 
1). This is significant (p<0.05) cardioprotection and is equal to 
that provided by 0.4 µM sphingosine or 0.4 µM S1P (Figure 1).

To determine which pathway to protection, S1P or sphingosine, 
is involved in FTY720 protection of ex vivo hearts, we studied a 
number of specific antagonists previously used to characterize 
S1P and sphingosine cardioprotection [17]. All of these antag-
onists, KT5823, PKA-I, VPC23019, and wortmannin were previ-
ously shown to be without effect on ex vivo heart hemodynam-
ics [17]. We first used the S1P1–3 receptor antagonist VPC23019. 
When ischemia is followed by reperfusion in the presence of 0.4 
µM FTY720 plus 1 µM VPC23019, recovery of LVDP was the same 
(65±6%) as FTY720 alone and the infarct size 14±3%) was not 
statistically different (p>0.05, Figure 1). Further, since the S1P 
pathway is sensitive to inhibition of PI3K by 1 µM wortmannin, 
we tested its effect on FTY720 protection. As with VPC23019, 
co-treatment at reperfusion with 0.4 µM FTY720 and 1 µM wort-
mannin did not significantly alter protection relative to FTY720 
alone (77±5% LVDP, 19±3% infarct size). Thus, FTY720 does not 
act via the S1P GPCR pathway in ex vivo hearts.

Alternatively, inhibitors of sphingosine cardioprotection were 
found to be inhibitory to FTY720 protection. Thus, 0.2 µM 
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KT5823, an inhibitor of PKG, and 0.1 µM PKA-I, an inhibitor 
of PKA, both were able to substantially reduce the cardiopro-
tective capacity of FTY720 (Figure 1). KT5823 reduced the re-
covery of LVDP to 10±3% and increased the infarct size to 
36±1%, while PKA-I reduced the recovery of LVDP to 8±2% 
and increased the infarct size to 39±1%. Thus, FTY720 effec-
tively postconditions the ex vivo mouse heart and does so ex-
clusively via a PKA/PKG dependent pathway in the same man-
ner as sphingosine, a pathway that appears to be independent 
of S1P-related effects.

We also tested the L-isomer of erythro-sphingosine as a post-
conditioning cardioprotectant. For D-erythro-sphingosine, 
the optimum concentration for postconditioning is 0.4 µM, 
but L-erythro-sphingosine was not very effective at 0.4 µM. 
However, it was determined that the optimum concentra-
tion for postconditioning was 1 µM, and at this concentration 
L-erythro-sphingosine resulted in a 59±15% recovery of LVDP 
with only an 11±2% infarct size, which is similar though not 
equivalent protection to D-erythro-sphingosine.

Deletion of SphK2 prevents cardioprotection during 
ischemia/reoxygenation injury and during ischemic and 
S1P postconditioning

We next investigated the role of SphK2 in IR injury and in pro-
tection by ischemic and pharmacologic POST. Previous char-
acterization of the SphK2 null mice (KO) and wild-type (WT) 
mice revealed that SphK2 protein and activity is absent from 
the KO hearts [25]. This is accompanied by a 53% decrease in 
sphingosine kinase activity in both cytosolic and particulate 
fractions. Hemodynamic function was not different at baseline 

between KO and WT hearts [26]. Both WT and KO hearts were 
subjected to 50 minutes of global ischemia and 40 minutes of 
reperfusion. The recovery of LVDP at the end of IR is shown 
in Figure 2. On average, there was lower recovery of LVDP in 
KO mouse hearts (8±1%) than in WT hearts (16±5%), and KO 
hearts showed a larger infarct size (37±1% vs. 30±2%). Thus, 
IR appeared to cause more serious damage to KO hearts rela-
tive to hearts from WT mice. These results are consistent with 
our previous findings [22].

As shown in Figure 2, IPOST increased cardiac protection in 
WT hearts. IPOST of WT hearts greatly improved recovery of 
LVDP (61±3%) compared to untreated WT hearts without IPOST 
(16±5%). Infarct size was far smaller in IPOST treated WT hearts 
(14±2%) compared with IR alone (30±2%). However, with KO 
hearts IPOST did not provide protection. Infarct size was not 
significantly diminished (36±3% compared to 37±1% for un-
treated). Further, recovery of LVDP was not significantly dif-
ferent between IPOST treated and untreated KO hearts (8±1% 
for no IPOST vs. 11±2% for IPOST (p>0.05).

POST by S1P also was investigated in WT and KO hearts. The 
data in Figure 2 indicate that WT mouse hearts can be phar-
macologically postconditioned with 0.4 µM S1P. S1P improved 
LVDP recovery (60±4% vs. 16±5% for untreated, p<0.05). 
There is also significantly reduced infarction size (17±4% vs. 
30±2% in WT, p<0.05). More importantly, the data in Figure 
2 show that pharmacological POST by S1P also is not al-
tered in SphK2 null mouse hearts. Thus, there was a 64±2% 

Figure 1. �Characterization of FTY720 
postconditioning against ischemia-
reperfusion injury in ex vivo B6 
mouse hearts. Ex vivo hearts from 
C57BL/6 mice were exposed to 50 
min of ischemia followed by 40 
min of reoxygenation either in the 
absence of any postconditioning 
(Control) or with pharmacologic 
postconditioning using 0.4 µM S1P or 
sphingosine (Sph), or 0.6 µM FTY720 
(FTY), and in the indicated cases FTY 
plus the antagonist VPC23019 (VPC), 
wortmannin (W), PKA-I, or KT5823. 
Data are expressed as mean ± s.e.m. 
* P<0.05 vs. -PC. (A) Hemodynamic 
function as measured by maximum 
left ventricular developed pressure 
(LVDP) achieved during 40 min of 
reperfusion expressed as % recovery 
relative to the pre-ischemic value. 
(B) Infarct size expressed as percent 
of the area at risk (which is the total 
heart area in this global ischemia 
model) determined at the end of the 
40 min of reperfusion.
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recovery of LVDP (as compared to 8±1% in untreated hearts) 
and the infarction size was significantly decreased (13±2% 
vs. 37±1% untreated).

The success of exogenous S1P in SphK2 KO hearts suggests 
that the only limitation to ischemic POST is the need for ade-
quate S1P release to fully stimulate S1P receptors. This find-
ing also suggests that S1P does not have intracellular inter-
actions that are important for POST. However, it could just be 

that exogenous S1P bolsters intracellular S1P levels. To clari-
fy this, we also investigated pharmacologic POST by adenos-
ine, which also postconditions via a GPCR linked pathway [33] 
but does so without affecting intracellular S1P. As shown in 
Figure 2, 0.4 µM adenosine effectively postconditioned not 
only the WT heart (65±1% LVDP and 17±3% infarct size) but 
also KO hearts (63±8% LVDP and 17±3% infarct size). This in-
dicates that the signaling pathway for pharmacologic postcon-
ditioning by GPCRs is unaltered in SphK2 KO hearts.

Figure 2. �Infarct sizes and recovery of LVDP 
in wild-type (WT) and SphK2 KO 
(KO) hearts in ischemia-reperfusion 
injury and ischemic postconditioning. 
Equilibrated ex vivo hearts were 
exposed to 50 min of ischemia 
followed by 40 min of reperfusion 
either without postconditioning 
(Con) or with IPOST, S1P (0.4 µM) 
or adenosine (Adeno, 0.4 µM) 
postconditioning in wild-type (WT) 
and SphK2 knockout (SphK2 KO) 
hearts. Panel (A) shows LVDP and (B) 
infarct size expressed as percent of 
the area at risk at the end of 40 min 
of reperfusion. Data are expressed as 
mean ± s.e.m. * P<0.05 vs. all others.
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Figure 3. �Effect of postconditioning with 
sphingosine and FTY720 on infarct 
sizes and recovery of LVDP in wild-
type (WT) and SphK2 KO (KO) hearts. 
Ex vivo wild-type (WT) and SphK2 
knockout (SphK2 KO) hearts were 
equilibrated for 20 min and then 
exposed to 50 min of ischemia 
followed by 40 min of reoxygenation 
with or without pharmacological 
postconditioning with 0.4 µM FTY720 
(FTY) or 0.6 µM sphingosine (Sph), or 
FTY720 plus 1 µM VPC 23019. Panel 
(A) shows LVDP and (B) infarct size 
at the end of 40 min of reperfusion. 
Data are expressed as mean ± s.e.m. * 
P<0.05 vs. all others.

LV
DP

 (%
 re

co
ve

ry
)

*

*

*

**

In
far

ct 
siz

e (
%

)

80

60

40

20

0

40

30

20

10

0

WT
Con Sph FTY FTY+VPC

SphK2KO
Con Sph FTY FTY+VPC

WT
Con Sph FTY FTY+VPC

SphK2KO
Con Sph FTY FTY+VPC

A

B

130
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Vessey DA et al: 
FTY postconditioning in normal and SphK2 KO hearts

© Med Sci Monit Basic Res, 2013; 19: 126-132
ANIMAL STUDIES

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



Protection by exogenous sphingosine and FTY720 in 
SphK2 KO hearts

We next examined the effect of loss of SphK2 on pharma-
cologic POST by sphingosine. The data in Figure 3 indicate 
that WT hearts can be effectively pharmacologically post-
conditioned with 0.4 µM sphingosine, as we previously re-
ported [17]. Sphingosine improved LVDP recovery (64±2% vs. 
16±3% in untreated WT), and significantly reduced infarction 
size (16±3% vs. 30±2% in untreated WT). The data in Figure 3 
also show that SphK2 KO mouse hearts can also be effectively 
postconditioned by exogenous sphingosine. However, a slight-
ly higher concentration (0.6 µM) is required for optimum pro-
tection. At 0.6 µM sphingosine, recovery of LVDP in KO hearts 
was 62±13% and the infarct size was exceedingly low (8±1%). 
This suggests that the signaling pathway for pharmacologic 
POST by the sphingosine pathway is not significantly altered 
in SphK2 KO hearts.

Since the SK2 form is responsible for the phosphorylation of 
FTY720, the effect of the knockout on FTY720 POST was of 
particular interest. Based on the data in Figure 1, one would 
expect it to behave in a manner similar to sphingosine un-
less phosphorylation is very important. As shown in Figure 3, 
WT mouse hearts can be pharmacologically postconditioned 
with FTY720 (50±7% LVDP and 24±1% infarct size), though 
it was slightly less efficient than sphingosine. In KO hearts, 
we found that FTY720 provided very effective postcondition-
ing. The recovery of LVDP in FTY720 treated KO hearts was 
comparable (60±9%) to that for WT hearts, while the infarct 
size was actually significantly better (9±1% vs. 24±1% in WT, 
p<0.05). This protection in KO hearts was not eliminated by 
the S1P receptor antagonist VPC23019 which also rules out 
FTY720-phosphate effects.

Discussion

FTY720 has been presumed to function as a pro-drug for 
FTY720-phosphate which is an S1P mimic [14]. However, we 
felt that unphosphorylated FTY720 could, due to its similarity 
to sphingosine, also be an effective cardioprotectant. Thus, in 
the absence of the extensive systemic phosphorylation that oc-
curs in vivo, we tested the hypothesis that in the ex vivo heart 
FTY720 would behave at least in part as a sphingosine analog. 
Indeed, we found that, like sphingosine cardioprotection, pro-
tection by FTY720 is insensitive to S1P receptor antagonists. 
Inhibition of PI3 kinase, which is downstream of the S1P re-
ceptors, was also without effect. This suggests that FTY720 
does not act like S1P, which means that prior phosphoryla-
tion of FTY720 is not a prerequisite to acute protection by 
this agent. This was confirmed by the study of the SphK2 KO 
heart which lacks the form of sphingosine kinase responsible 

for FTY720 phosphorylation [30,31] and yet is still able to be 
effectively postconditioned by FTY720. FTY720 further resem-
bles sphingosine in that antagonists of PKA or PKG block its 
cardioprotection. Clearly, in the ex vivo heart, FTY720 is pro-
tecting exclusively via the same PKA/PKG dependent path-
way as sphingosine.

Our studies of the SphK2 KO hearts have also demonstrat-
ed that SphK2 is essential for successful ischemic postcondi-
tioning. SphK2 may be important for maintaining adequate 
levels of intracellular S1P sufficient to support a high level of 
S1P release during conditioning, which then would provide 
for maximum extracellular signaling via GPCRs. The impor-
tance of SphK2 in the maintenance of S1P levels is supported 
by studies in cardiomyocytes from SphK2 KO hearts that re-
vealed significantly reduced levels of S1P [30]. Thus, the sim-
plest explanation for the failure of SphK2 KO mice to respond 
to ischemic POST is that there is insufficient intracellular S1P 
to achieve threshold levels of S1P release for triggering max-
imum cardioprotection.

However, SphK2 has also been reported to have intracellu-
lar effects on the mitochondrial respiratory chain that might 
be important in I/R injury and contribute to the failure of 
IPC and IPOST in SphK2 KO hearts [27,30]. If this were the 
case, then even pharmacologic POST by exogenous GPCR 
agonists such as S1P or adenosine should be compromised. 
They were not. Both S1P and adenosine effectively postcon-
ditioned KO hearts which suggests that SphK2 effects on mi-
tochondrial function do not impact POST. This indicates that 
a primary reason for failure of IPOST in SphK2 KO hearts is 
indeed a lower level of S1P release during conditioning and 
thus a diminished stimulation of GPCRs resulting in reduced 
effectiveness.

In contrast to IPOST, pharmacologic POST appears to be nor-
mal in SphK2 KO hearts, and FTY720 is as effective as S1P or 
sphingosine. Since FTY720 does not have the predisposition 
to toxicity associated with sphingosine, it would suggest that 
acute FTY720 might be the better agent to use for POST, even 
in the elderly where the SphK2 levels are greatly reduced [16]. 
The data suggest that FTY720 administered in vivo acts in a 
dual manner showing both S1P-like effects and sphingosine-
like effects. Indeed, following feeding of FTY720, the concen-
trations of phosphorylated and unphosphorylated FTY720 in 
plasma were similar [34]. Thus, it appears that the sphingo-
sine-like effects of FTY720 in cardioprotection may have been 
overlooked. This would not be readily apparent or significant 
in young hearts where POST by the S1P and sphingosine path-
ways is equivalently effective. However, in aging hearts the 
S1P pathway is deficient while the sphingosine pathway is not 
(16) so FTY720 would be more effective in its unphosphory-
lated form in aging hearts.
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Conclusions

Our data reveal that FTY720 effectively postconditions the ex 
vivo heart and does so by the same mechanism as sphingosine. 
Studies of SphK2 KO hearts further revealed that this occurs 
even in the absence of capacity for FTY720 phosphorylation, 
which indicates that POST is unrelated to FTY720-phosphate. 
Based on existing data, it appears that in vivo FTY720 can be 

expected to exhibit a mix of S1P and sphingosine like effects 
with the latter being more effective in aging hearts.
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