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Brief Report

Unravelling the Role of Sphingosine-1-Phosphate Signaling

in Promoting Aortic Stenosis
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ABSTRACT

Aortic Stenosis (AS) is one of the most common life-threatening cardiovascular conditions,
particularly among the aging population. AS is characterized by the progressive narrowing of
the aortic valve due to calcific degeneration, leading to increased left ventricular workload, heart
failure, and ultimately, mortality if left untreated.'? Historically, AS has been considered a passive
degenerative disease associated with aging and mechanical stress. However, recent research
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has shed light on the active molecular and cellular mechanisms that drive its progression.'* One

such emerging pathway of interest is Sphingosine-1-Phosphate (S1P) signalling, which has been
identified as a crucial modulator of osteogenic differentiation and valvular calcification. The
recent study offers critical insights into the mechanistic role of STP signalling in AS and proposes

a potential therapeutic avenue for intervention.?
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INTRODUCTION

The current treatment options for patients with AS depend
on the severity of the condition, symptoms, and the patient's
overall health.** The relative clinical efficacy of each of these
approaches used for clinical management of AS depends on
patient characteristics, disease severity, and long-term outcomes
(Table 1). The current options available are: Surgical Aortic Valve
Replacement (SAVR), Transcatheter Aortic Valve Replacement
(TAVR), and Balloon Valvuloplasty, along with medical
management considerations.

Treatment options for aortic stenosis
Monitoring and Medications (For Mild to Moderate Cases)

The regular monitoring of patients with mild aortic stenosis who
may not need immediate surgical intervention involves periodic
echocardiograms. In addition, medications (Beta-blockers,
Diuretics, ACE inhibitors or ARBs and/or Statins) are used to
manage the symptoms and associated conditions.*” This approach
is only supportive and does not treat the underlying valve
narrowing. Itis the best option for patients with mild-to-moderate
AS or those who are not candidates for surgery. This option alone
cannot prevent disease progression. Eventually, most patients will
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require valve replacement with median survival for symptomatic
severe AS without intervention being 2-3 years. The limitations
in the pharmacological based management of AS is largely due to
our lack of understanding of the AS pathophysiology.

Aortic Valve Replacement (For Severe Cases)

Here two options are used i.e.,

Surgical Aortic Valve Replacement (SAVR) by Open-heart surgery
to replace the narrowed valve with a mechanical or biological
valve. SAVR is the gold standard for low-to-intermediate risk
surgical candidates with severe AS.®* The Operative mortality
is reported to be ~1-3% (varies by patient risk profile), with
mechanical valves lasting for >20 years, while biological valves
last for 10-15 years. SAVR achieves excellent symptom relief,
restores normal life expectancy in many patients improving the
overall Quality of Life (QoL). SAVR is best suited for younger
(<65 years) low-risk patients and those needing concurrent
open-heart surgery (e.g., CABG). The major limitation of SAVR
approach is it requires open-heart surgery with longer recovery
time.

Transcatheter Aortic Valve Replacement (TAVR) performed
by a minimally invasive procedure where a catheter is used
to implant a new valve without open-heart surgery. TAVR is
usually the preferred option for high-risk or elderly patients.
TAVR is similar or superior to SAVR in high-risk and elderly
patients.'”"! The symptomatic relief and restoration of normal
life expectancy is comparable to SAVR but with faster recovery
time. It is best suited for older adults (=65-80 years), high-risk
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surgical patients, or those with contraindications to open surgery.
Some of the limitations of TAVR are higher risk of paravalvular
leak, requirement of pacemaker, and limited long-term durability
(~10+ years). While the 30-day mortality rate is comparable or
lower than SAVR, the 5-year survival rate is similar to SAVR
among intermediate- and high-risk patients. A recent trial
(PARTNER 3) has reported TAVR to be non-inferior or superior
to SAVR in low-risk patients.'

Balloon Aortic Valvuloplasty (BAV)

A catheter with a balloon is inserted into the narrowed valve and
inflated to improve blood flow. BAV only offers a temporary relief
and is not a definitive treatment.** It is often used in paediatric
AS patients and as a bridging therapy in adults before TAVR/
SAVR could be performed. BAV is also used during palliative care
for non-surgical candidates. BAV has high restenosis rate (within
6-12 months), requiring repeat procedures.

The Paradigm Shift: Aortic Stenosis as an Active
Pathobiological Process

The classical view of AS describing it as a degenerative disease
has been increasingly challenged by evidence demonstrating that
active inflammatory, fibrotic, and osteogenic pathways contribute

to its pathogenesis. Valvular Interstitial Cells (VICs), which are
majority of the cells within the aortic valve and play a central
role in the progression of aortic stenosis.* Under pathological
conditions, VICs undergo osteogenic differentiation, leading to
the deposition of hydroxyapatite crystals and subsequent valve
stiffening (Figure 1). Additionally, chronic inflammation and
lipid deposition further exacerbate this cycle, promoting disease
progression.’

S1P, a bioactive sphingolipid, has been widely studied in the
context of immune signalling, vascular homeostasis, and fibrosis.
However, its role in valvular disease remained largely unexplored
until recent investigations began uncovering its involvement in
VIC transformation and calcification. The recent study provides
compelling evidence that S1P signalling is a critical mediator of
the osteogenic phenotype in VICs, thereby contributing to AS
progression.® This study demonstrates that S1P exerts its effects
on VICs through activation of specific SI1P receptors (SIPR),
particularly S1IPR1 and/or S1PR2, which are known to regulate
various cellular processes including proliferation, migration, and
differentiation. This study utilized a combination of in vitro and
in vivo models to elucidate the molecular mechanisms underlying
S1P-induced VIC calcification. The key findings from this study
include:

Table 1: Summary of current treatment options for aortic stenosis.

Treatment  Durability Survival Benefit Recovery Time Best for Risks

Medical Supportive only. No impact on N/A Mild AS or non-candidates. ~ No disease

Therapy progression. reversal.

SAVR Best (~15-20 Excellent (restores Long Younger, low-risk, Open-heart
years). near-normal life (weeks-months).  multi-procedure patients. surgery risks.

expectancy).

TAVR Good (~10+ Comparable to SAVR (in  Short Older, high-risk, or Paravalvular

years). high/intermediate risk). ~ (days-weeks). inoperable patients leak, pacemaker
need

BAV Poor (~6-12 Temporary benefit only.  Short Temporary/palliative cases. High restenosis

months). rate.
VIC Inflamed VIC

Figure 1: Valvular Interstitial Cells (VICs) are the major cell types within the aortic valve and play a central role in aortic stenosis via the
activation of S1P Receptors (S1PR), particularly STPR2 subtype.
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e SIP promotes VIC osteogenic differentiation: The study
shows that exposure to S1P enhances the expression of
osteogenic markers such as RUNX2, BMP2, and alkaline
phosphatase, which are essential for bone-like matrix
deposition in calcifying valves.

e S1P receptor signalling drives pathological calcification:
The study identifies that SIP1 and S1P2 activation leads
to downstream signalling cascades, including ERK1/2
and AKT pathways, which are instrumental in VIC
transformation into an osteogenic phenotype.

e Therapeutic targeting of SIP signalling mitigates AS
progression: Using pharmacological inhibition of
S1P2 receptors, the researchers observed a significant
reduction in VIC calcification in a rodent model,
suggesting that blocking S1P signalling could serve as
a novel therapeutic strategy to prevent or slow down AS
progression.

A new frontier for aortic stenosis therapy

Currently, the only definitive treatment for severe AS is Surgical
or Transcatheter Aortic Valve Replacement (SAVR/TAVR).
However, these interventions are invasive, costly, and not suitable
for all patients, particularly those with multiple comorbidities or
for those patients at a very early stage of disease development.
The lack of pharmacological treatments to halt or slow AS
progression represents a major unmet clinical need. The findings
from this preclinical study open the possibility of targeting
S1P signalling as a therapeutic strategy. If future translational
studies and clinical trials confirm the efficacy and safety of S1P2
receptor inhibitors, they could potentially serve as a non-invasive
treatment option for patients in the early stages of AS. Such an
approach could delay the need for surgical intervention, improve
long-term outcomes and reduce complications associated with
disease progression.

While the study provides valuable insights into the role of
S1P in AS, several questions remain unanswered. Most of the
findings are based on preclinical models, and it remains to be
seen whether S1P-targeting therapies will be effective in human
patients with AS. Since S1P is involved in numerous physiological
processes, broad inhibition could lead to unintended side effects,
such as immune dysregulation, GI and vascular dysfunction. The
development of highly selective SIP modulators will be crucial
to ensure therapeutic efficacy without oft-target effects. For this
understanding the network associations of S1P, its receptors and
its modulators will be crucial. Given the growing recognition of
AS pathology as an active disease process, identifying circulating
biomarkers linked to S1P signalling could help stratify patients at
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risk and facilitate early intervention. Since AS is a multifactorial
disease involving inflammation, fibrosis, and calcification, a
combined approach targeting multiple pathways (e.g., S1P
signalling and inflammation) may prove more effective in
preventing disease progression.

The discovery of S1P signalling as a critical driver of aortic
valve calcification represents a much-needed advancement in
the field of cardiovascular research. By shifting the focus from
a purely mechanical view of AS to a systematic understanding
of its molecular drivers, we are entering an era of precision
medicine where targeted therapies may soon become a reality.
If validated in clinical settings, S1P-targeting drugs could offer a
much-needed pharmacological alternative to valve replacement,
potentially transforming the management of AS and improving
patient outcomes.
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Transcatheter Aortic Valve Replacement; ACE: Angiotensin
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Quality of Life; CABG: Coronary artery bypass graft; BAV:
Balloon Aortic Valvuloplasty; VIC: Valvular interstitial cells; GI:
Gastro intestinal.
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