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Sphingosine-1-phosphate (S1P) is a versatile signaling lipid involved in the regulation of numerous cellular
processes. S1P regulates cellular proliferation, migration, and apoptosis as well as the function of immune cells.
S1P is generated from sphingosine (Sph), which derives from the ceramide metabolism. In particular, high
concentrations of S1P are present in the blood. This originates mainly from erythrocytes, endothelial cells (ECs),
and platelets. While erythrocytes function as a storage pool for circulating S1P, platelets can rapidly generate S1P
de novo, store it in large quantities, and release it when the platelet is activated. Platelets can thus provide S1P in
a short time when needed or in the case of an injury with subsequent platelet activation and thereby regulate local
cellular responses. In addition, platelet-dependently generated and released S1P may also influence long-term
immune cell functions in various disease processes, such as inflammation-driven vascular diseases. New
pharmacological approaches that target the auto- or paracrine effects of S1P may be therapeutically helpful in the

future for pathological processes involving S1P.
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| 1. Platelet-Derived S1P

Sphingolipids belong to the class of polar lipid compounds. They are important structural components of the cell
membrane and exert various signaling functions, either

intracellularly as second messengers or via membrane-bound receptors. The family of sphingolipids consists of
three main types: the ceramides, sphingomyelins (SMs), and glycosphingolipids. Glycosphingolipids are further
divided into the cerebrosides and gangliosides. These types differ in the nature of their respective chemical
moieties . In contrast to glycerol-based phosphoglycerides, sphingolipids are derived from the unsaturated
aminoalcohol sphingosine (Sph) [&. The phosphoric acid ester of Sph is sphingosine-1-phosphate (S1P), which is
found in high concentrations in the lymph fluid and in the blood. The main producers of circulating S1P are
erythrocytes, endothelial cells (ECs), immune cells, and platelets. Within organ tissues, S1P is rapidly degraded by
the action of S1P lyase (SPL). As a result, there is a steep gradient between high S1P concentrations within the

vessels and low S1P concentrations in the tissue !,

In the event of a blood vessel injury, platelets have the function of covering the wound and stopping blood loss.
Various mechanisms are set in motion for this purpose. First, platelets are activated by von Willebrand factor, and

they subsequently adhere to the extracellular matrix. Autocrine and paracrine mediators such as adenosine
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diphosphate (ADP), thrombin, or epinephrine amplify and sustain the initial platelet response, leading to an
activation of integrin glycoprotein Ilb/llla. Circulating platelets are recruited and form a hemostatic plug . Platelet
activation is very complex. Consequently, different mechanisms are involved in activation. Among other things,
platelet mitochondria may influence platelet activation and modify the platelet response to stimulation 2. A lipid that
is involved in the autocrine and paracrine activation of platelets is S1P. As described above, S1P is formed from
Sph. Results from Tani et al. suggest a limited capacity for the de novo synthesis of sphingolipids within platelets,
since platelets barely show serine palmitoyltransferase activity [8l. Platelet Sph, and in turn S1P, is derived from
circulating SM through different reactions involving sphingomyelinase (SMase) and CDase, either in plasma or on
the platelet plasma membrane €. In contrast to erythrocytes, which are devoid of SphK, the SphK activity is
proportional to the number of platelets [Z. Here, the lipid is formed by the phosphorylation of Sph through SpK2,
which has been reported as the quantitatively dominant isoform in platelets B2, |n addition, existing S1P can be
dephosphorylated by an ectophosphatase, (possibly lipid phosphate phosphohydrolase, LPP) to Sph, which then
can be incorporated into platelets and therefore infiltrated into the cycling pathway of S1P generation in platelets
(19 Since platelets lack the degrading enzyme SPL, platelets store large amounts of the lipid LU and cause
platelets to be the main source of locally elevated S1P levels after activation 12, S1P is stored either in the platelet
plasma membrane or, presumably, within granules. While S1P stored in the plasma membrane is more likely to be
the metabolically active pool, the S1P stored in granules seems to function as the main source of secreted S1P
after platelet activation and degranulation 23, It is currently not fully clear whether storage pools or also, in part, as
a result of elevated SphK activity upon platelet activation, e.g., by the translocation of SphK to the plasma
membrane. This has been suggested recently for SphK1 in fibroblasts 4. In platelets, SphK2 has been reported
as the quantitatively relevant isoform, and the question of whether it is translocated to the plasma membrane upon
platelet activation has not yet been resolved. Subsequent to its release, platelet-derived S1P binds in an autocrine

manner to its receptors located on platelets or in a paracrine manner to vascular ECs and other blood cells (22!,

| 2. Diabetes Mellitus

Diabetes mellitus describes a group of metabolic diseases that are associated with hyperglycemia. The two main

categories are type 1 and type 2 diabetes.

Type 1 diabetes (T1D) is characterized by an autoimmune destruction of insulin-producing beta-cells within the
pancreas by CD4+ and CD8+ T cells and by islet-infiltrating macrophages 8. Pancreatic beta-cells show an
imbalance in the enzymatic capacity of S1P formation by SphK1 and SphK2 and degradation by SPL 2. T1D
often includes average or increased HDL cholesterol (HDL-C) values. In patients with T1D, the apoM/S1P complex
is shifted towards light HDL particles, which are increased in T1D. While apoM/S1P in dense HDL particles
inhibited TNF-a-induced vascular cellular adhesion molecule-1 (VCAM1) expression, light HDL particles had no
effect. These effects may foster the development of the increased cardiovascular disease risk associated with T1D
evoked through apoM/S1P in dense HDL particles 18, Conversely, studies also showed that the activation of
S1PR1 in the diabetic vascular endothelium prevents monocyte/endothelial interactions and therefore functions in

an anti-inflammatory manner (121,
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Type 2 diabetes (T2D) is characterized by a relative insulin deficiency caused by pancreatic beta-cell dysfunction
and insulin resistance in target organs (2%, Recent studies indicate a possible protective role of the SphK/S1P
signaling pathway in T2D, supported by the observation that SphK activation improves the hepatic insulin signaling
in obesity and diabetes [21l. Interestingly, the metabolism of S1P appears to modify insulin signaling in peripheral
tissue. In particular, an adaptive role of S1P has been proposed to counteract the development of insulin resistance
in muscle, adipose tissue, and the liver (22, S1P promotes proliferation and reduces the apoptosis of pancreatic
beta-cells. Specifically, the upregulation of S1IPR expression results in a hypoglycemic effect by increasing the
number of beta-cells and insulin levels 23, In addition, physiological concentrations of extracellular S1P inhibit the
cytokine-induced apoptosis of beta-cells, again pointing towards a potentially protective function of S1P in T2D [24],
In agreement with these findings, diabetic mice treated with S1P exhibited significant reductions in glucose
tolerance, insulin resistance, and the number of apoptotic beta-cells compared with the untreated group 3. There
are also studies suggesting a causal role of S1P metabolism and signaling in insulin resistance in the liver and in
adipose tissue 22, S1P levels in plasma from T2D patients are significantly higher than in plasma from healthy
individuals 28, This might be due to the association of diabetes with platelet hyperreactivity, which is reflected in a
relative loss of efficacy of antiplatelet agents 2428 |ncreased platelet sensitivity and the associated increased
release of platelet-derived S1P at the vessel wall may also predispose T2D patients to an increased risk of

thrombosis and the development of vascular lesions, well-known complications of T2D.

As elaborated above, there is evidence for an important impact of S1P in type 2 diabetes. However, the direct
involvement of platelet-derived S1P during diabetes-associated complications, although very likely, has to the
knowledge been addressed experimentally only sparsely. Interestingly, the study from Russo et al. 22 indicated
that platelets from diabetic patients released less S1P than healthy platelets when mechanically or chemically
stimulated in vitro. In addition, the cardioprotective effects of platelets from healthy individuals depend on the
platelet's capacity to activate cardiac S1P receptors and the ERK/PI3K/PKC pathways. However, diabetic platelets
release less S1P and lose their cardioprotective potential 29,

Metabolic syndrome (MetS) is a cluster of diseases and symptoms that can lead to diabetes. S1P may play
multiple roles in the development of these diseases, mainly mediated by S1IPR1 and S1PR3. Because S1P has
both anti-inflammatory and pro-inflammatory effects and hypertensive versus hypotensive actions, its function
remains controversial. In fact, S1P is linked to obesity 2%, Plasma S1P levels are positively correlated with body
mass index (BMI), total body fat percentage, and waist circumference Bl Studies have shown that S1P
significantly decreases preadipocyte differentiation into adipocytes as well as the downregulation of adipogenic
differentiation markers through multiple pathways 2. Since inflammatory processes are also involved in MetS
pathogenesis, S1P signaling pathways may contribute to the pathogenesis of metabolic diseases. S1P is
associated with the upregulation of both pro-inflammatory and anti-inflammatory molecules. One possibility is that
S1P increases the expression of pro-inflammatory factors in early stages. These reactions may lead to protective

mechanisms and may help to mitigate the onset of obesity 3.

| 3. Vascular Lesions and Platelet-Derived S1P
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Atherosclerosis is a chronic cardiovascular disease caused by lipid deposition at the vessel wall and is
characterized by slowly progressing plaque formation and chronic inflammation of the arteries, which becomes
clinically manifest when it triggers thrombosis 4!, Lipid deposition caused by endothelial injury, abnormal lipid
metabolism, and hemodynamic changes in the susceptible sections of arteries develops into the formation of an
atherosclerotic plaque 2. In this process, ECs become activated and express inflammatory factors, attracting
lymphocytes and monocytes to the endothelium. In turn, these adherent immune cells infiltrate the vessel wall,
aggravating the inflammatory status of the vessels. Therefore, inflammation plays a central role in the

atherosclerotic process 22,

Monocyte recruitment and adhesion to the vascular endothelium are key events in atherosclerosis. Platelets also
adhere to ECs and contribute to the recruitment of leukocytes. The interaction between platelets and immune cells
is triggered by the platelet production and secretion of inflammatory molecules, leading to activated immune cells
being involved in the local vascular inflammation B8I3Zl. The activation of platelets results in increased local S1P
concentrations. In this context, S1P affects lesion progression and thrombus formation in multiple ways. S1P acts
synergistically with other factors and potentiates, for example, thrombin-induced tissue factor (TF) expression in
ECs. Although it has not been proven directly, since S1P in solution, rather than platelets, was used experimentally,
it is very likely that platelet-derived S1P leads to the propagation of thrombus formation at sites of EC injury[8l.
However, as described earlier, pro- and anti-atherogenic effects of HDL-associated S1P have been reported.
Hence, the influence of S1P on the development of atherosclerosis remains controversial. Depending on the S1PR
subtype, the source of S1P (circulating within the plasma or locally released at sites of injury), the S1P
concentration, and the affected target cell, S1P appears to exert both pro- and anti-atherogenic effects (3249,
Recently, a preclinical study investigated the impact of fingolimod in rodent models of stroke, with age or
atherosclerosis as comorbidities #1. The authors found an improved post-ischemic outcome with fingolimod:
fingolimod-treated hyperlipidemic mice showed a decreased infarct size but no difference in behavioral
performance. They conclude that the effects of fingolimod in stroke are less robust than the existing literature might

indicate and may depend on the inflammatory status of the animals 411,

In rabbits, a cholesterol-rich diet resulted in platelet hyperaggregability in response to low doses of agonists as well
as in the development of hypercholesterolemic atherosclerosis. Under these conditions, the generation and release
of S1P from platelets were significantly increased, pointing towards the involvement of platelet-derived S1P in the
development and/or progression of cholesterol-stimulated lesion formation 2. In addition, studies from Urtz et al.
suggested that intrinsic S1P release through platelet Sphk2 controls platelet aggregation and thrombus growth in
vivo. In a mouse arterial thrombosis model, they showed severely impaired thrombus stability in Sphk2 null
mutants 2. In contrast, other studies found no effect of the S1P analogue FTY720 on atherosclerosis in ApoE-
deficient mice on a regular chow diet 43 or in only moderately hypercholesterolemic LDL-R-deficient mice 24!,
Therefore, the effects of S1P in modulating vascular lesion formation may be pronounced and reveal themselves
under conditions of elevated cholesterol levels. Further experimental settings in LDL-R-deficient mice
demonstrated that FTY720 inhibits atherosclerosis by modulating lymphocyte and macrophage function. FTY720 at
a high dose lowered the blood lymphocyte count and decreased the plasma concentrations of proinflammatory

cytokines, pointing towards a general and rather unspecific immunosuppressive effect in these studies 43,
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| 4. Multiple Sclerosis

MS is a currently untreatable degenerative neurological disorder associated with increased platelet activation and
prothrombotic activity. MS is an inflammatory disease of the central nervous system (CNS) that leads to
demyelination and neurodegeneration. The available data indicate the excessive intravascular activation of

circulating platelets, implicating coagulation processes and inflammation in the pathophysiology of MS [4811471[48]149]

The proinflammatory activity of platelets is caused by various mechanisms such as the release of inflammatory
molecules following platelet activation, as described above. As the lipid mediator S1P is released in bulk from
activated platelets and also at a basal level from resting platelets BUBL S1P s likely to contribute to such
inflammatory mechanisms during MS. On the one hand, S1P signaling pathways regulate lymphocyte trafficking,
which is a main event in MS. On the other hand, platelet-derived S1P, among others, might contribute to the
cellular crosstalk mechanisms of activated platelets, leukocytes, and ECs. There are currently few data on the

platelet-associated S1P effect on MS, and the subject needs to be evaluated in more detail.

Studies providing at least some information about platelet-associated S1P functions are experiments that were
carried out as part of the studies of available MS therapies. One possible drug therapy for MS is fingolimod.
Fingolimod was the first structural analog of sphingosine approved as a medication for the relapsing forms of
multiple sclerosis 2253l ike Sph, it is phosphorylated by SphK2 to the bioactive form of the drug. Presumably,
platelets are the major source of the active fingolimod (FTY720-P). In contrast to bulk S1P secretion, the release is
independent of platelet activation 24, After oral intake and conversion into its bioactive form, fingolimod acts as a
modulator of S1IPRs (mainly S1PR1), resulting in reduced infiltration and circulation of lymphocytes into the CNS. It
has been observed that, after one month of treatment with fingolimod, the level of circulating platelets in both men
and women significantly decreased B2, In murine models of atherosclerosis, FTY720 inhibits atherosclerotic lesion
formation and induces lymphopenia B8, The observation that rats pretreated with FTY720 showed a dose-
dependent increase in ADP-induced platelet aggregation compared to controls, however, is contradictory 27, In
humans, a double-blind placebo-controlled study evaluated the effects of fingolimod on platelet function in
response to different stimuli ex vivo. Therefore, an increase in light transmission in platelet-rich plasma (PRP) in
response to various concentrations of ADP, collagen, epinephrine, and ristocetin was utilized to measure the
maximum platelet aggregation. Intriguingly, applied doses of 0.5 and 1.25 mg of fingolimod once daily over a period
of one month in healthy volunteers did not affect the platelet function assessment in comparison to a placebo
treatment B8, While this does not point towards a critical impact of fingolimod on platelet functions in treated

patients, the possible role of endogenous platelet-derived S1P in MS needs to be further deciphered.

There are also recent data linking the functions of the gut microbiome and alterations in mitochondrial function to
MS. The permeability of the gut increases circulating lipopolysaccharides (LPS) through increasing toll-like receptor
(TLR) activators. Therefore, nitric oxide synthase and superoxide are increased, which leads to peroxynitrite-driven
increases in a-SMase and ceramide, which are associated with a decrease in the gut-microbiome-derived fatty acid
butyrate. Butyrate is a histone deacetylase (HDAC) inhibitor that acts to regulate platelet and mitochondrial

functions and suppresses the levels and actions of ceramides B2[6%. These circadian and gut-microbiome-derived
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changes are important to note, as they impact immune cell as well as platelet functions, with relevance across
most medical conditions. As such, the nature of platelet function may be coordinated with variations in immune

cells, including from circadian and gut-microbiome-derived products 6.

| 5. Pharmacological implications and perspective

The importance of platelets goes well beyond their role in stopping acute bleeding. Platelets flow through all organs
and provide a link between the blood and the immune system. Thus, platelets support the essential communication
functions of immune cells within the immune system. More precisely, platelets affect inflammatory processes on or
in the vascular wall, which can occur as part of acute injuries or chronic vascular diseases. A key property of
platelets is their ability to form and release inflammatory mediators. S1P is such an inflammatory mediator, or
rather a modulator of inflammatory processes, since S1P can trigger both pro-inflammatory and anti-inflammatory
responses. Platelet-derived S1P most certainly has a significant impact on direct vascular processes and diseases
such as atherosclerosis in which the vasculature has a direct influence. As already discussed in detail, there are
unfortunately few studies on the effect of platelet-derived S1P in various diseases. It can be assumed that the S1P
released from platelets plays a decisive role in the pathogenesis of diseases with increased platelet reactivity and

therefore elevated immune cell involvement. In fact, this needs to be examined more closely in future studies.

Therefore, at present, the immunological properties of blood platelets and their mediators are not the focus of
therapeutic approaches. This should be improved or changed in the future. In addition to inhibiting the hemostatic
function of platelets to prevent thrombosis, blocking the paracrine release of proinflammatory and proaggregatory
mediators such as S1P could lead to an improved therapy for various diseases such as cardiovascular or
autoimmune diseases. This may be possible without a fundamental or additional increase in the risk of bleeding, as
this is the case to date with the use of conventional inhibitors of platelet function. The development and exploration
of new substances that aim to change the immunological functions of blood platelets can be a new therapeutic

approach in this regard.

References

1. Christopher R. Gault; Lina M. Obeid; Yusuf A. Hannun; An Overview of Sphingolipid Metabolism:
From Synthesis to Breakdown. null 2010, 688, 1-23, 10.1007/978-1-4419-6741-1 1.

2. Sarah T. Pruett; Anatoliy Bushnev; Kerri Hagedorn; Madhura Adiga; Christopher A. Haynes; M.
Cameron Sullards; Dennis C. Liotta; Alfred H. Merrill Jr.; Thematic Review Series: Sphingolipids.
Biodiversity of sphingoid bases (“sphingosines”) and related amino alcohols. Journal of Lipid
Research 2008, 49, 1621-1639, 10.1194/jIr.r800012-jIr200.

3. Ana Olivera; Maria Laura Allende; Richard L. Proia; Shaping the landscape: Metabolic regulation
of S1P gradients. Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids

https://encyclopedia.pub/entry/27165 6/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

10.

11.

12.

2012, 1831, 193-202, 10.1016/j.bbalip.2012.06.007.

. Giovanni Davi; Carlo Patrono; Platelet Activation and Atherothrombosis. New England Journal of

Medicine 2007, 357, 2482-2494, 10.1056/nejmra071014.

. Karolina Siewiera; Magdalena Labieniec-Watala; Hassan Kassassir; Nina Wolska; Dawid Polak;

Cezary Watala; Potential Role of Mitochondria as Modulators of Blood Platelet Activation and
Reactivity in Diabetes and Effect of Metformin on Blood Platelet Bioenergetics and Platelet
Activation. International Journal of Molecular Sciences 2022, 23, 3666, 10.3390/ijms23073666.

. Motohiro Tani; Takamitsu Sano; Makoto Ito; Yasuyuki Igarashi; Antonio Moschetta; Fang Xu; Lee

R. Hagey; Gerard P. van Berge-Henegouwen; Karel J. van Erpecum; Jos F. Brouwers; et
al.Jonathan C. CohenMolly BiermanHelen H. HobbsJoseph H. SteinbachAlan F. Hofmann
Mechanisms of sphingosine and sphingosine 1-phosphate generation in human platelets. Journal
of Lipid Research 2005, 46, 2458-2467, 10.1194/jlr.m500268-jIr200.

. Wilhelm Stoffel; Gerhard Heimann; Bruno Hellenbroich; Sphingosine Kinase in Blood Platelets.

Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie 1973, 354, 562-566, 10.1515/bchm2.1973.3
54.1.562.

. Lin Zhang; Nicole Urtz; Florian Gaertner; Kyle R. Legate; Tobias Petzold; Michael Lorenz;

Alexandra Mazharian; Steve P. Watson; Steffen Massberg; Sphingosine kinase 2 (Sphk2)
regulates platelet biogenesis by providing intracellular sphingosine 1-phosphate (S1P). Blood
2013, 122, 791-802, 10.1182/blood-2012-12-473884.

. Nicole Urtz; Florian Gaertner; Marie-Luise von Bruehl; Sue Chandraratne; Faridun Rahimi; Lin

Zhang; Mathias Orban; Verena Barocke; Johannes Belil; Irene Schubert; et al.Michael LorenzKyle
R. LegateAndrea HuwilerJosef M. PfeilschifterChristian BeerliDavid LedieuElke PersohnAndreas
BillichThomas BaumrukerMichael Mederos Y SchnitzlerSteffen Massberg Sphingosine 1-
Phosphate Produced by Sphingosine Kinase 2 Intrinsically Controls Platelet Aggregation In Vitro
and In Vivo. Circulation Research 2015, 117, 376-387, 10.1161/circresaha.115.306901.

Yutaka Yatomi; Soichiro Yamamura; Nobuo Hisano; Kazuhiko Nakahara; Yasuyuki Igarashi; Yukio
Ozaki; Sphingosine 1-Phosphate Breakdown in Platelets. The Journal of Biochemistry 2004, 136,
495-502, 10.1093/jb/mvh143.

Yutaka Yatomi; Soichiro Yamamura; Fugiang Ruan; Yasuyuki Igarashi; Sphingosine 1-Phosphate
Induces Platelet Activation through an Extracellular Action and Shares a Platelet Surface
Receptor with Lysophosphatidic Acid. Journal of Biological Chemistry 1997, 272, 5291-5297, 10.1
074/jbc.272.8.5291.

Yoshikazu Ono; Makoto Kurano; Ryunosuke Ohkawa; Hiromitsu Yokota; Koji Igarashi; Junken
Aoki; Minoru Tozuka; Yutaka Yatomi; Sphingosine 1-phosphate release from platelets during clot
formation: close correlation between platelet count and serum sphingosine 1-phosphate
concentration. Lipids in Health and Disease 2013, 12, 20-20, 10.1186/1476-511x-12-20.

https://encyclopedia.pub/entry/27165 7/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Deepa Jonnalagadda; Manjula Sunkara; Andrew J. Morris; Sidney W. Whiteheart; Granule-
mediated release of sphingosine-1-phosphate by activated platelets. Biochimica et Biophysica
Acta (BBA) - Molecular and Cell Biology of Lipids 2014, 1841, 1581-1589, 10.1016/].bbalip.2014.0
8.013.

Kira Vanessa Blankenbach; Ralf Frederik Claas; Natalie Judith Aster; Anna Katharina Spohner;
Sandra Trautmann; Nerea Ferreirds; Justin L. Black; John J. G. Tesmer; Stefan Offermanns;
Thomas Wieland; et al. Dagmar Meyer Zu Heringdorf Dissecting G11-Mediated Plasma
Membrane Translocation of Sphingosine Kinase-1. Cells 2020, 9, 2201, 10.3390/cells9102201.

Clara Di Vito; Loubna Abdel Hadi; Stefania Elena Navone; Giovanni Marfia; Rolando Campanella;
Maria Elisa Mancuso; Laura Riboni; Platelet-derived sphingosine-1-phosphate and inflammation:

from basic mechanisms to clinical implications. Platelets 2016, 27, 393-401, 10.3109/09537104.2
016.1144179.

Kathleen M. Gillespie; Type 1 diabetes: pathogenesis and prevention. Canadian Medical
Association Journal 2006, 175, 165-170, 10.1503/cma].060244.

Ewa Gurgul-Convey; Sphingolipids in Type 1 Diabetes: Focus on Beta-Cells. Cells 2020, 9, 1835,
10.3390/cells9081835.

Cecilia Frej; Armando J. Mendez; Mario Ruiz; Melanie Castillo; Thomas A. Hughes; Bjérn
Dahlback; Ronald B. Goldberg; A Shift in ApoM/S1P Between HDL-Particles in Women With Type
1 Diabetes Mellitus Is Associated With Impaired Anti-Inflammatory Effects of the ApoM/S1P
Complex. Arteriosclerosis, Thrombosis, and Vascular Biology 2017, 37, 1194-1205, 10.1161/atvb
aha.117.309275.

Angela M. Whetzel; David T. Bolick; Suseela Srinivasan; Timothy L. Macdonald; Margaret A.
Morris; Klaus Ley; Catherine C. Hedrick; Sphingosine-1 Phosphate Prevents
Monocyte/Endothelial Interactions in Type 1 Diabetic NOD Mice Through Activation of the S1P1
Receptor. Circulation Research 2006, 99, 731-739, 10.1161/01.res.0000244088.33375.52.

Sudesna Chatterjee; Kamlesh Khunti; Melanie J Davies; Type 2 diabetes. The Lancet 2017, 389,
2239-2251, 10.1016/s0140-6736(17)30058-2.

Mei Li Ng; Carol Wadham; Olga A. Sukocheva; The role of sphingolipid signalling in diabetes-
associated pathologies (Review). International Journal of Molecular Medicine 2017, 39, 243-252,
10.3892/ijmm.2017.2855.

Jeanne Guitton; Cécile L. Bandet; Mohamed L. Mariko; Sophie Tan-Chen; Olivier Bourron; Yacir
Benomar; Eric Hajduch; Hervé Le Stunff; Sphingosine-1-Phosphate Metabolism in the Regulation
of Obesity/Type 2 Diabetes. Cells 2020, 9, 1682, 10.3390/cells9071682.

Qiong He; Jiagi Bo; Ruihua Shen; Yan Li; Yi Zhang; Jiaxin Zhang; Jing Yang; Yunfeng Liu; S1P
Signaling Pathways in Pathogenesis of Type 2 Diabetes. Journal of Diabetes Research 2021,

https://encyclopedia.pub/entry/27165 8/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

2021, 1-12, 10.1155/2021/1341750.

Suzanne G. Laychock; Shawn M. Sessanna; Mei-Hui Lin; Lucy D. Mastrandrea; Sphingosine 1-
Phosphate Affects Cytokine-Induced Apoptosis in Rat Pancreatic Islet 3-Cells. Endocrinology
2006, 147, 4705-4712, 10.1210/en.2006-0456.

Yizhi He; Bingyin Shi; Xinrui Zhao; Jing Sui; Sphingosine-1-phosphate induces islet 3-cell
proliferation and decreases cell apoptosis in high-fat diet/streptozotocin diabetic mice.
Experimental and Therapeutic Medicine 2019, 18, 3415-3424, 10.3892/etm.2019.7999.

Voahanginirina Randriamboavonjy; Klaus Badenhoop; Helmut Schmidt; Gerd Geisslinger; Beate
Fisslthaler; Ingrid Fleming; The S1P2 receptor expressed in human platelets is linked to the
RhoA-Rho kinase pathway and is down regulated in type 2 diabetes. Basic Research in
Cardiology 2009, 104, 333-340, 10.1007/s00395-008-0769-1.

Cezary Watala; Magdalena Boncler; Peter Gresner; Blood platelet abnormalities and
pharmacological modulation of platelet reactivity in patients with diabetes mellitus..
Pharmacological Reports 2005, 57, 42-58.

Raminderjit Kaur; Manpreet Kaur; Jatinder Singh; Endothelial dysfunction and platelet
hyperactivity in type 2 diabetes mellitus: molecular insights and therapeutic strategies.
Cardiovascular Diabetology 2018, 17, 1-17, 10.1186/s12933-018-0763-3.

Isabella Russo; Saveria Femmino; Cristina Barale; Francesca Tullio; Stefano Geuna; Franco
Cavalot; Pasquale Pagliaro; Claudia Penna; Cardioprotective Properties of Human Platelets Are
Lost in Uncontrolled Diabetes Mellitus: A Study in Isolated Rat Hearts. Frontiers in Physiology
2018, 9, 875, 10.3389/fphys.2018.00875.

Shiori Ito; Soichiro Iwaki; Keiko Koike; Yuichiro Yuda; Ayako Nagasaki; Ryunosuke Ohkawa;
Yutaka Yatomi; Tomoo Furumoto; Hiroyuki Tsutsui; Burton E. Sobel; et al.Satoshi Fuijii Increased
plasma sphingosine-1-phosphate in obese individuals and its capacity to increase the expression
of plasminogen activator inhibitor-1 in adipocytes. Coronary Artery Disease 2013, 24, 642-650, 1
0.1097/mca.0000000000000033.

Greg M. Kowalski; Andrew L. Carey; Ahrathy Selathurai; Bronwyn A. Kingwell; Clinton R. Bruce;
Plasma Sphingosine-1-Phosphate Is Elevated in Obesity. PLOS ONE 2013, 8, e72449, 10.1371/]
ournal.pone.0072449.

Myung-Hee Moon; Jae-Kyo Jeong; You-Jin Lee; Jae-Won Seol; Sang-Youel Park; Sphingosine-1-
phosphate inhibits the adipogenic differentiation of 3T3-L1 preadipocytes. International Journal of
Molecular Medicine 2014, 34, 1153-1158, 10.3892/ijmm.2014.1856.

Wei Chen; Hongwei Lu; Jie Yang; Hong Xiang; Hui Peng; Sphingosine 1-phosphate in metabolic
syndrome (Review). International Journal of Molecular Medicine 2016, 38, 1030-1038, 10.3892/jj
mm.2016.2731.

https://encyclopedia.pub/entry/27165 9/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Goran K Hansson; Andreas Hermansson; The immune system in atherosclerosis. Nature
Immunology 2011, 12, 204-212, 10.1038/ni.2001.

Yuhua Zhu; Xuemei Xian; Zhenzhen Wang; Yingchao Bi; Quangang Chen; Xufeng Han; Daoquan
Tang; Renjin Chen; Research Progress on the Relationship between Atherosclerosis and
Inflammation. Biomolecules 2018, 8, 80, 10.3390/biom8030080.

Eduardo Fuentes Q.; Francisco Fuentes Q.; Vicente Andrés; Oscar M. Pello; Jaime Font de Mora,
Ivan Palomo G.; Role of platelets as mediators that link inflammation and thrombosis in
atherosclerosis. Platelets 2012, 24, 255-262, 10.3109/09537104.2012.690113.

Henry M. Nording; Peter Seizer; Harald F. Langer; Platelets in Inflammation and Atherogenesis.
Frontiers in Immunology 2015, 6, 98-98, 10.3389/fimmu.2015.00098.

Hiroyuki Takeya; Esteban Gabazza; Shinya Aoki; Hikaru Ueno; Koji Suzuki; Synergistic effect of
sphingosine 1-phosphate on thrombin-induced tissue factor expression in endothelial cells. Blood
2003, 102, 1693-1700, 10.1182/blood-2002-11-3607.

Francesco Poti; Manuela Simoni; Jerzy-Roch Nofer; Atheroprotective role of high-density
lipoprotein (HDL)-associated sphingosine-1-phosphate (S1P). Cardiovascular Research 2014,
103, 395-404, 10.1093/cvr/cvul36.

G. Daum; A. Grabski; M.A. Reidy; Sphingosine 1-Phosphate. Arteriosclerosis, Thrombosis, and
Vascular Biology 2009, 29, 1439-1443, 10.1161/atvbaha.108.175240.

Andrea C. Diaz Diaz; Kyle Malone; Jennifer A. Shearer; Anne C. Moore; Christian Waeber;
Preclinical Evaluation of Fingolimod in Rodent Models of Stroke With Age or Atherosclerosis as
Comorbidities. Frontiers in Pharmacology 2022, 13, 920449, 10.3389/fphar.2022.920449.

Dong Ju Son; Hyoung Woo Lee; Hyun Woo Shin; Jung Jin Lee; Hwan Soo Yoo; Tack Joong Kim;
Yeo Pyo Yun; Jin Tae Hong; Enhanced release of sphingosine-1-phosphate from
hypercholesterolemic platelets: Role in development of hypercholesterolemic atherosclerosis.
Prostaglandins, Leukotrienes and Essential Fatty Acids 2008, 78, 383-390, 10.1016/j.plefa.2008.0
4.010.

Roland Klingenberg; Jerzy-Roch Nofer; Mats Rudling; Florian Bea; Erwin Blessing; Michael
Preusch; Hermann J. Grone; Hugo A. Katus; Goran K. Hansson; Thomas J. Dengler; et al.
Sphingosine-1-Phosphate Analogue FTY720 Causes Lymphocyte Redistribution and
Hypercholesterolemia in ApoE-Deficient Mice. Arteriosclerosis, Thrombosis, and Vascular Biology
2007, 27, 2392-2399, 10.1161/atvbaha.107.149476.

Francesco Poti; Sara Costa; Valeria Bergonzini; Margherita Galletti; Elisa Pignatti; Christian
Weber; Manuela Simoni; Jerzy-Roch Nofer; Effect of sphingosine 1-phosphate (S1P) receptor
agonists FTY720 and CYM5442 on atherosclerosis development in LDL receptor deficient (LDL-
R-/-) mice. Vascular Pharmacology 2012, 57, 56-64, 10.1016/j.vph.2012.03.003.

https://encyclopedia.pub/entry/27165 10/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Jerzy-Roch Nofer; Martine Bot; Martin Brodde; Paul J. Taylor; Paul Salm; Volker Brinkmann; Theo
Van Berkel; Gerd Assmann; Erik A.L. Biessen; Frcp; et al. FTY720, a Synthetic Sphingosine 1
Phosphate Analogue, Inhibits Development of Atherosclerosis in Low-Density Lipoprotein
Receptor—-Deficient Mice. Circulation 2007, 115, 501-508, 10.1161/circulationaha.106.641407.

Joanna Saluk-Bijak; Angela Dziedzic; Michal Bijak; Pro-Thrombotic Activity of Blood Platelets in
Multiple Sclerosis. Cells 2019, 8, 110, 10.3390/cells8020110.

Jorge Correale; Maria I. Gaitan; Maria C. Ysrraelit; Marcela P. Fiol; Progressive multiple sclerosis:
from pathogenic mechanisms to treatment. Brain 2016, 140, aww258-546, 10.1093/brain/aww25
8.

Angela Dziedzic; Michal Bijak; Interactions between platelets and leukocytes in pathogenesis of
multiple sclerosis. Advances in Clinical and Experimental Medicine 2019, 28, 277-285, 10.17219/
acem/83588.

William A Sheremata; Wenche Jy; Lawrence L Horstman; Yeon S Ahn; J Steven Alexander;
Alireza Minagar; Evidence of platelet activation in multiple sclerosis. Journal of Neuroinflammation
2008, 5, 27-27, 10.1186/1742-2094-5-27.

T. Ulrych; A. Bohm; A. Polzin; G. Daum; R. M. Nusing; G. Geisslinger; T. Hohlfeld; K. Schror;
Bernhard Rauch; Release of sphingosine-1-phosphate from human platelets is dependent on
thromboxane formation. Journal of Thrombosis and Haemostasis 2011, 9, 790-798, 10.1111/j.153
8-7836.2011.04194.x.

Bernhard Rauch; Sphingosine 1-Phosphate as a Link between Blood Coagulation and
Inflammation. Cellular Physiology and Biochemistry 2014, 34, 185-196, 10.1159/000362994.

John Camm; Timothy Hla; Rajesh Bakshi; Volker Brinkmann; Cardiac and vascular effects of
fingolimod: Mechanistic basis and clinical implications. American Heart Journal 2014, 168, 632-
644, 10.1016/j.ah}.2014.06.028.

Michael M. Francis; Tom A. Hummer; Emily Liffick; Jenifer L. Vohs; Nikki F. Mehdiyoun; Andrew C.
Visco; Ziyi Yang; Richard J. Kovacs; Ying Zhang; Alan Breier; et al. Effects of fingolimod, a
sphingosine-1-phosphate (S1P) receptor agonist, on white matter microstructure, cognition and
symptoms in schizophrenia. Brain Imaging and Behavior 2020, 15, 1802-1814, 10.1007/s11682-0
20-00375-7.

Akio Kihara; Yasuyuki Igarashi; Production and release of sphingosine 1-phosphate and the
phosphorylated form of the immunomodulator FTY720. Biochimica et Biophysica Acta (BBA) -
Molecular and Cell Biology of Lipids 2008, 1781, 496-502, 10.1016/.bbalip.2008.05.003.

Mehrdad Farrokhi; Ali Amani Beni; Masoud Etemadifar; Ali Rezaei; Leah Rivard; Aryan Rafiee
Zadeh; Nahid Sedaghat; Milad Ghadimi; Effect of fingolimod on platelet count among multiple

https://encyclopedia.pub/entry/27165 11/12



Sphingosine-1-Phosphate and Platelets in Diseases | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

sclerosis patients. International Journal of Preventive Medicine 2015, 6, 125, 10.4103/2008-7802.
172539.

Petra Keul; Markus Tdlle; Susann Lucke; Karin Von Wnuck Lipinski; Gerd Heusch; Mirjam
Schuchardt; Markus Van Der Giet; Bodo Levkau; The sphingosine-1-phosphate analogue FTY720
reduces atherosclerosis in apolipoprotein e-deficient mice. Journal of Molecular and Cellular
Cardiology 2007, 42, S224, 10.1016/j.yjmcc.2007.03.676.

Hira Niazi; Nesrine Zoghdani; Ludovic Couty; Alexandre Leuci; Anja Nitzsche; Maria L. Allende;
Boubacar Mariko; Rameez Ishaq; Yetki Aslan; Pierre Hadrien Becker; et al.Salomé L. GazitSonia
Poirault-ChassacBenoit DecoutureVeronique BaudrieErica De CandiaMari KonoAmmar
BenarabPascale GaussemPierre-Louis TharauxJerold ChunSylvain ProvotNajet DebiliPatrice
TherondRichard L. ProiaChristilla Bachelot-LozaEric Camerer Murine platelet production is
suppressed by S1P release in the hematopoietic niche, not facilitated by blood S1P sensing.
Blood Advances 2019, 3, 1702-1713, 10.1182/bloodadvances.2019031948.

Magdalena Oc¢wieja; Karin Meiser; Olivier J. David; Jessica Valencia; Frank Wagner; Stephan J.
Schreiber; Uwe Pleyer; Sabine Ziemer; Robert Schmouder; Effect of fingolimod (FTY720) on
cerebral blood flow, platelet function and macular thickness in healthy volunteers. British Journal
of Clinical Pharmacology 2014, 78, 1354-1365, 10.1111/bcp.12454.

George Anderson; Moses Rodriguez; Russel J. Reiter; Multiple Sclerosis: Melatonin, Orexin, and
Ceramide Interact with Platelet Activation Coagulation Factors and Gut-Microbiome-Derived
Butyrate in the Circadian Dysregulation of Mitochondria in Glia and Immune Cells. International
Journal of Molecular Sciences 2019, 20, 5500, 10.3390/ijms20215500.

Mary K. Horton; Kathryn McCauley; Douglas Fadrosh; Kei Fujimura; Jennifer Graves; Jayne
Ness; Yolanda Wheeler; Mark P. Gorman; Leslie A. Benson; Bianca Weinstock-Guttman; et
al.Amy WaldmanMoses RodriguezJan-Mendelt TillemaLauren KruppAnita BelmanSoe MarMary
RenselTanuja ChitnisTheron Charles CasperJohn RoseJanace HartXiaorong ShaoHelen
TremlettSusan V. LynchLisa F. BarcellosEmmanuelle WaubantThe U.S. Network Of Pediatric Ms
Centers Gut microbiome is associated with multiple sclerosis activity in children. Annals of Clinical
and Translational Neurology 2021, 8, 1867-1883, 10.1002/acn3.51441.

George Anderson; Gut Dysbiosis Dysregulates Central and Systemic Homeostasis via
Suboptimal Mitochondrial Function: Assessment, Treatment and Classification Implications.
Current Topics in Medicinal Chemistry 2020, 20, 524-539, 10.2174/156802662066620013109444
5.

Retrieved from https://encyclopedia.pub/entry/history/show/65990

https://encyclopedia.pub/entry/27165 12/12



