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Abstract: Diabetes mellitus is a metabolic disease characterized by elevated blood glucose due to a deficiency of insulin secretion
and/or action. Long-term poor blood glucose control may lead to chronic damage and dysfunction of the heart, kidneys, eyes, and other
organs. Therefore, it is important to develop treatments for diabetes and its chronic complications. Fingolimod is a structural
sphingosine analogue and sphingosine-1-phosphate receptor modulator currently used for the treatment of relapsing-remitting multiple
sclerosis. Several studies have shown that it has beneficial effects on the improvement of diabetes and its chronic complications. This
paper reviews the therapeutic potential of Fingolimod in diabetes and its chronic complications, aiming to further guide future
treatment strategies.
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Introduction
Diabetes mellitus(DM) is one of the most common diseases in the modern world, caused by many factors such as environment
and heredity. With the changes in people’s social lifestyles, DM is expected to affect 783 million adults by 2045.' DM is
characterized by high blood glucose, and has complex and diverse pathogenesis. It is divided into two main types, including
type 1 diabetes mellitus(T1DM) and type 2 diabetes mellitus(T2DM). T1DM occurs as a result of the autoimmune destruction
of the islet B cells resulting in an absolute insufficiency of insulin secretion. T2DM is caused by insulin resistance or
dysfunction of islet p cells.” Long-term chronic hyperglycemia can lead to diabetes-related complications, causing dysfunction
and damage to many organs and tissues. Chronic complications of DM include diabetic macrovascular complications mainly
including cerebral infarction and coronary heart disease, diabetic microvascular complications mainly including diabetic
retinopathy(DR) and diabetic nephropathy(DN), and so on.>* With the increasing trend of patients with DM around the world,
the incidence and mortality of diabetes-related chronic complications are increasing, which has become a great challenge that
seriously endangers public health.>® Therefore, the search for active treatment is very urgent.
Sphingosine-1-phosphate(S1P), as an important metabolite of sphingomyelin, has various biological activities and has
gotten much attention in recent years.” By binding to five SIP receptors(S1PRs) that belong to G-protein-coupled receptors,
S1P can have effects on many physiological and pathological processes. Abnormal S1P signaling pathways are involved in the
occurrence and development of many diseases such as DM, multiple sclerosis(MS), cancers, and neurodegenerative
diseases.® ' The SIPR modulator Fingolimod(FTY720) is the first drug approved orally for the treatment of MS by the
United States Food and Drug Administration(FDA) and the European Medical Agency(EMA).° More and more evidence
shows that FTY720 has an anti-diabetic effect and a good therapeutic effect in DM complications, so it is expected to become
a new strategy for the treatment of DM and its chronic complications.®'*™'* In this article, we summarize the application of
FTY720 in the treatment of DM and its related chronic complications. In addition, the review elucidates potential mechanisms
and discusses the challenges associated with its application.
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Introduction to FTY720

S1P is a bioactive metabolite of sphingomyelin. Its formation and metabolism are regulated by many enzymes. Sphingomyelin
produces ceramide under the action of intracellular synthetase, and subsequently ceramide produces sphingosine under the
action of ceramidase. Sphingosine is phosphorylated to produce S1P by sphingosine kinases 1(SphK1) and sphingosine
kinases 2(SphK2). S1P can be irreversibly degraded by sphingosine-1-phosphate lyase(S1PL) to hexadecenal and phos-
phoethanolamine. Intracellular S1P can directly participate in signal transduction as a second messenger. S1P expressed on the
cell surface specifically binds to different subtypes of SIPRs. SIPRs can be coupled with G proteins and activate a variety of
downstream signaling pathways(Figure 1). Thus they play important roles in regulating the proliferation, differentiation,
migration, and apoptosis of cells in different tissues.'> At present, five types of S1PRs have been confirmed. They are widely
distributed throughout the body, but their expression in various tissues and organs is different. SIPR1, SIPR2, and S1PR3 are
widely distributed in tissues. However S1PR4 is mainly expressed in immune cells, and S1PRS5 is mainly expressed in the
spleen and central nervous system.'® Due to the multiple effects and ubiquitously expression of SIPRs, S1P is essential for the
normal function of cells in cardiovascular, nervous, immune, and other systems.

FTY720 is a derivative of myristin and a structural analogue of sphingosine. FTY720 is phosphorylated by SphK2 in vivo
to form the activated metabolite FTY 720 phosphate(FTY720-P). In addition to SIPR2, it can bind and activate the other four
S1PRs. The binding affinity of FTY720-P to SIPR1, SIPR3 and S1PRS is similar to S1P, but the binding to S1PR4 is superior
to S1P."” However, the long-term excitatory effect of FTY720 on S1PR1 could lead to its ubiquitination and proteasome
degradation, so it can also result in functional antagonism of SIPR1."®'” FTY720 was approved by the FDA in 2010 for the
treatment of MS. The main mechanism of action is to induce lymphocyte homing, and the main site of action is SIPR1. S1P is

highly expressed in blood and lymph fluid, but the content of S1P in interstitial fluid is low. Therefore, a concentration gradient
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Figure | SIP metabolic pathway.
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of SIP between interstitial fluid and the blood-lymphatic system is formed. Due to S1PR1, cells are more likely to move
towards the site of high S1P concentration, so this concentration gradient plays an important role in the migration of
lymphocytes (including B cells and T cells), NK cells, and dendritic cells. In addition, a high concentration of S1P can induce
S1PRI1 to internalize and reach cytoplasm, thus resulting in cells losing the ability to migrate to the site of high concentration
S1P. FTY720-P is a kind of SIP analogue and can induce the internalization of SIPR1. Thereby FTY720 can induce
lymphocyte homing to secondary lymphoid organs and prevent its re-migration, thus achieving the effect of immunosuppres-
sion. In recent years, with the gradual deepening of research on the SphK/S1P/S1PRs signal axis and FTY720, a number of
studies have shown that the SIPRs modulator FTY720 has significant protective effects in autoimmune myocarditis, uveal

e . . 20-2
retinitis, systemic lupus erythematosus, atherosclerosis, and other models.”* >

FTY720 and DM

DM is one of the most common metabolic diseases in humans and is characterized by a reduction in the mass of
functional islet B cells and insulin resistance. Previous studies have shown that the function and survival of islet  cells
and insulin sensitivity play important roles in DM, both of which are regulated by the S1P signaling axis.®**

He et al reviewed the positive role of S1P signaling pathway in T2DM from the perspective of “ominous octet™: (1)
S1P can promote the proliferation of islet  cells and reduce their apoptosis; (2) S1P indirectly improve Insulin resistance
in muscle tissue through adiponectin; (3) It inhibits hepatic glucose output by activating the Akt pathway; (4) S1P can
protect the liver and pancreas from lipotoxic damage through fighting cytotoxic substances produced during oxidative
stress, reducing JNK phosphorylation and inhibiting the C/EBP homologous protein signaling pathway; (5) It promotes
the secretion of glucagon-like peptide 1(GLP-1) and produce the same biological effects as GLP-1; (6) SI1P can inhibit
the secretion of glucagon by islet alpha cells; (7) It improves the imbalance of glucose processing in the kidney; (8) S1P
promotes the release and transport of neurotransmitters to target organs such as the liver, kidneys, and muscles to
increase glucose utilization.>> As the important roles of S1P and related molecules in the pathogenesis of DM have been
increasingly known, its related drug FTY720 in the field of DM has been gradually explored.

Zhao et al reported that oral administration of FTY720 in db/db mice can normalize hyperglycemia by increasing the
viability and regeneration of islet  cells. The main mechanism is that FTY720 up-regulates the expression of PDX-1 and
cyclinD3 in islets and down-regulates the expression of PS7KIP2 to stimulate the proliferation of islet § cells through the
S1PR-PI3K signaling pathway.?® Similarly, Moon et al also confirmed that early intervention of FTY720 in db/db mice can
protect the islet B cells by up-regulating the expression of Bel-2 and BeL-xL to inhibit apoptosis and increase the survival rate
of islet f cells, thereby preventing the development of T2DM.?” In addition, FTY 720 may protect pancreatic tissue in SDT rats
by depleting circulating lymphocytes, ultimately inhibiting the development of T2DM.*® A recent study investigated the
effects of FTY720 on glucose homeostasis and diabetic complications in spontaneous diabetes translates into non-human
primates(NHP, an animal model of T2DM). The study showed that in the NHP model which has T2DM combined with
cardiac and renal dysfunction, FTY720 sustainably reduced blood glucose and restored islet B cells function, accompanied by
improvements in cardiac function and reduction in proteinuria. This may be due to FTY 720 significantly reducing CD4+ T and
CD8+ T lymphocytes and increasing dendritic cells, thereby preventing islet f cells from being destroyed by autoimmune cells
and improving glucose homeostasis.?

In addition to protecting islet B cells function, FTY 720 also improved glucose tolerance and insulin sensitivity in obese and
insulin-resistant rodent models. In diet-induced obesity mice, FTY720 treatment can prevent weight gain, improve insulin
sensitivity, and reduce lymphocytes and macrophages in adipose tissue.*® In addition, ceramide accumulates in the skeletal
muscles of people and rodents who have obesity and insulin resistance, which aggravates insulin resistance by impairing the
Akt signaling pathway. High-fat-fed mice treated with FTY720 had significantly reduced ceramide, diacylglycerol and
triacylglycerol content in muscle. Therefore, insulin resistance and glucose homeostasis had been improved.*'

Furthermore, it is been reported that FTY720 plays a role in protecting the pancreatic in several animal models of TIDM.
The non-obese diabetic(NOD) mouse is a well-established mouse model of spontaneous TIDM and is similar to features of
patients with TIDM. Yang et al tested the ability of FTY720 to prevent autoimmune diabetes in NOD mice. The results show
that FTY 720 prevents the onset of T1DM by inducing lymphocytopenia, preventing the infiltration of islet inflammatory cells,
and the destruction of P cells caused by pro-inflammatory cytokines.*” Similarly, Penaranda et al consistently treated NOD
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mice with FTY 720, where they found that FTY720 can “lock” lymphocytes in the pancreatic lymph nodes and pancreas, and
control the exit and entry of tertiary lymphoid organs into adjacent pancreatic tissue, thus preventing islet destruction and
development of TIDM.?* The LEW.1AR1-iddm(IDDM) rat is a T1IDM animal model without lymphocytopenia. Jorns et al
found that FTY 720 prevents the progression of diabetes in IDDM rats by promoting the retention of activated immune cells in
lymph nodes, thereby avoiding islet invasion and the destruction of islet B cells by proinflammatory cytokines.**

Based on these data, FTY720 has been shown to prevent DM by promoting islet 3 cells proliferation, inhibiting apoptosis,
and reducing insulin resistance. However, many studies have found that animal models with DM treated with FTY720 have
significant improvements in its complications, but it has no significant effect on lowering blood glucose.'*'**%¢ This may be
due to these differences in the model building, the dosage and method of medication. Hence, in the future, the role of FTY 720
in diabetes control needs to be further evaluated in large-scale and long-term studies.

FTY720 and diabetic heart diseases

Diabetic heart diseases includes various cardiovascular diseases secondary to diabetes, such as coronary artery disease
and cardiomyopathy. In addition to coronary atherosclerosis, the microvascular circulation of the heart is also worthy of
attention. Coronary flow reserve(CFR) is a measure of coronary vascular function and an important functional parameter
to understand the pathophysiology of coronary microcirculation. Low CFR is an independent risk factor for cardiovas-
cular events, and CFR impairment is prevalent in diabetic patients and animal models.?” Therefore, the study of drugs to
improve coronary microcirculation has important clinical value. Xu et al confirmed that the CFR of TI1DM rats increased
after continuous oral administration of FTY720 (1.25mg/kg/day) for 9 weeks. This suggests that FTY720 can improve
coronary microcirculation disorders.?” Furthermore, FTY720 treatment can reduce the expression of transforming growth
factor(TGF-pB) and collagen in heart tissue, and the expression of vascular inflammatory factors and endothelial adhesion
molecules such as vascular cell adhesion molecule-1(VCAM-1), intercellular adhension molecule-1(ICAM-1) and
interleukin-6(IL-6), which have indirect effects on the recovery of CFR.?’

Cardiac microangiopathy is characterized by increased apoptosis of vascular endothelial cells, increased permeability, and
pathological angiogenesis. Previous studies have shown that SIPR1 and S1PR3 are expressed on endothelial cells and
contribute to vascular stability. Activation of SIPR1 promotes angiogenesis, while stimulation of SIPR3 leads to impaired
barrier function.*® One study found that increased cardiac microvascular permeability and pathological angiogenesis in
diabetic rats were accompanied by downregulation of SIPR1 and translocation of SIPR3 from the nucleus to the membrane.
For this reason, FTY720 can protect the cardiac microvessels by up-regulating SIPR1 and stimulating the translocation of
SIPR3 from the cell membrane to the nucleus.'? In addition, the study also found that FTY720 reduced the expression of
protein kinase C p II by regulating S1PR1/3, thereby improving the occurrence of diabetic heart microangiopathy.'?

Persistent hyperglycemia impairs the coronary microcirculatory response to ischemia and removes the protection provided
by ischemic preconditioning(IPC). IPC is a powerful endogenous protective phenomenon. Before the subsequent long-term
ischemic injury, brief intermittent ischemia and reperfusion circulation make the myocardium more resistant to the harmful
injury induced by ischaemic reperfusion(I/R) within a short time.** The cellular and molecular mechanisms of DM lead to an
imbalance between the phosphorylation and dephosphorylation states of lipid and protein kinases, which can regulate
mitochondrial permeability transition pores(mPTP), thereby weakening the heart protective effects of IPC. It is reported
that diabetic rats were pretreated with FTY 720 at twenty minutes before ischemia, the infarction size, and the expression levels
of lactic dehydrogenase(LDH), creatine kinase-MB(CK-MB), myeloperoxidase(MPO), tumor necrosis factor a( TNF-o)) and
glycogen synthase kinase 3B(GSK-3) of their heart were significantly reduced. Thus, the protective effect of IPC on the heart
of diabetic rats was significantly restored by alleviating myocardial damage induced by I/R, lowering inflammation, and
regulating the opening of mPTP.*

In addition, myocardial fibrosis is one of the main features of diabetic cardiomyopathy and contributes to increased
ventricular stiffness, which leads to systolic dysfunction of the failing diabetic heart. Previous studies have found increased
T cells infiltration in diabetic heart muscle.*' T lymphocytes can activate prefibrotic cells and participate in the continuation of
fibrosis by secreting pro-inflammatory cytokines. Mature T cells express higher SIPR1 on their surfaces, allowing them to
sense increased SIP concentration gradients in blood and lymph. Mature T cells express higher SIP1 receptors on their
surfaces, allowing them to sense increased S1P concentration gradients in blood and lymph. Since FTY 720 binds to SIPR1
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with high affinity, it can lead to ligand-induced receptor internalization and degradation, resulting in functional antagonism.
Abdullah et al confirmed that after treatment with FTY720 in diabetic mice, the depletion of CD4+ T cells and CD8+ T cells in
blood and the increase of CD3+ T cells in myocardial interstitium were reduced by down-regulation of SIPR1 on the surface
of mature T lymphocytes. This illustrates that FTY 720 has a protective effect on the heart and can prevent heart remodeling in
diabetic mice.*® Notably, FTY720 provides benefits in diabetic cardiomyopathy by down-regulating SIPR1, while it has
beneficial effects in diabetic cardiac microangiopathy by up-regulating SIPR1. It may be that in different cell types, SIPR1 is
associated differently with specific molecules in lipid rafts(a cellular niche in which G-protein-coupled receptor-specific
signaling and internalization/recycling tasks occur), therefore there is a difference in the effects of SIPR1 on T cells and
cardiac microvascular endothelial cells.

FTY720 and DR

DR, one of the common microvascular complications of DM, is the leading cause of blindness in the working-age
population worldwide. It is characterized by structural changes in retinal endothelial vessels and the breakdown of the
blood-retina barrier(BRB). The manifestations of early DR are endothelial and pericellular apoptosis, vascular leakage,
and leukocyte adhesion. Then, as the disease progresses, microaneurysms, retinal vein occlusion, diabetic macular edema
(DME), and proliferative diabetic retinopathy(PDR) that threaten vision are likely to occur.**** At present, the clinical
treatment of DR mainly includes metabolic disorder control, laser photocoagulation, vitrectomy, glucocorticoid therapy,
and anti-vascular endothelial growth factor(VEGF) therapy, but the above treatment methods have their own limitations
and adverse reactions respectively.** *® Therefore, it is important to further develop new therapeutic approaches for DR.

More evidence confirm that low-grade inflammation plays a key role in the development and progression of DR.*’” Under
normal physiological conditions, neurotrophic factors and inflammatory mediators in the retina maintain a dynamic balance, but
the occurrence of DM breaks the balance, causing chronic inflammation of retinal endothelial cells and nerve cells. Various
inflammatory mediators such as TNF-a, interleukin-1B(IL-1p), and IL-6 were elevated in vitreous and retina of patients
with DR.***° The combination of these pro-inflammatory factors with VEGF ultimately leads to increased vascular permeability
and/or pathological angiogenesis. These clinical manifestations are DME and PDR.*® TNF-q is an effective mediator of retinal
vascular white matter block, which can mediate the breakdown of BRB and the formation of retinal new blood vessels induced by
ischemia.”" It also mediates cell death or apoptosis of retinal neurons and vascular endothelial cells in DR, which contributes to the
breakdown of BRB.>* IL-1p can increase endothelial permeability in DR through perithelial cells apoptosis induced by nuclear
transcription factor kB(NF-kB)activation.>® IL-6 can inhibit the formation and development of retinal vascular endothelial cells,
promote endothelial cell apoptosis, destroy the normal function of blood vessel wall, and affect retinal vascular permeability.>*
Therefore, inhibiting the expression of these inflammatory factors is beneficial to DR. Fan et al found that after the treatment of
FTY720, the expressions of TNF-a, IL-6, and IL-1B in diabetic rats’ retina were significantly reduced, and the vascular
permeability was significantly reduced and the destruction of BRB was significantly improved.*> In addition, the activation of
NF-kB controls the expression of many genes involved in the inflammatory response and plays an important role in the
pathogenesis of DR. The research shows that FTY720 therapy exerts anti-inflammatory effects by inhibiting the activation of
NF-«B in the retina.>> Moreover, in the early stage of DR, increased expression of adhesion molecules leads to increased adhesion
of white blood cells in retinal blood vessels, forming a local inflammatory environment and white blood cell stasis. Then
endothelial cell damage and death are caused, thus leading to the destruction of the blood-retina barrier.”> Among them, it is
focused on ICAM-1 and VCAM-1. It was found that FTY 720 can down-regulate the expression of [CAM-1 and VCAM-1 in the
retina of diabetic rats, thereby inhibiting the adhesion of retinal blood vessel white blood cells, reducing BRB destruction and
secondary inflammatory cell leakage, and delaying the progression of DR.*

Previous studies have shown that the activation of melanocortin receptors 1(MCR1) and melanocortin receptors S(MCRS)
reduces pro-inflammatory cytokines and chemokines, improves the levels of manganese superoxide dismutase and glutathione
peroxidase, and protects the integrity of photoreceptors, which has a protective effect on DR.” 6 Similarly, Rossi et al showed
that the activation of MCR1 and MCRS can regulate retinal occlude proteins, VGEF level, and change macrophage
polarization, thereby reducing the damage of DR.>’ Based on these findings, FTY720, as an agonist for MCR1 and MCRS5,
has been proven to have a protective effect on DR through binding to MCRs by Gesualdo et al.'® In addition, DR is
characterized by BRB destruction. Both the outer barrier and the inner barrier of BRB were damaged, but the inner barrier was
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dominant. Vascular endothelial cells and their close connections are the functional basis of the inner barrier. SIPRs on the
surface of endothelial cells, especially SIPR1 and S1PR3, are major mediators that help maintain the integrity of the inner
barrier. FTY720 regulates and maintains the inner barrier by acting on SIPRI/SIPR3 directly, thereby reducing retinal
microvascular permeability and maintaining the integrity of BRB.?> Therefore, FTY 720 has great application prospects in the
treatment of DR, and a large number of studies should be carried out to explore its efficacy and long-term side effects.

FTY720 and DN

As the number of people with DM has skyrocketed, studies have shown that about 40% of patients with DM are more
likely to have DN.’® DN is the main cause of end-stage renal failure. The clinical manifestation of DN is progressive
renal failure. And the pathological features were glomerular hypertrophy, basement membrane thickening, extracellular
matrix protein deposition, podocyte process reduction, and renal tubule interstitial fibrosis.”>*** Previous studies have
shown that the SIPR1 signaling pathway may reduce the severity of acute and chronic kidney disease by reducing
inflammation and fibrosis, and protecting blood vessels, while the SIPR2 signaling pathway may exacerbate these
diseases by accelerating fibrosis and inflammation.’’ Moreover, FTY720 can activate SIPR1 to protect kidneys by
reducing inflammation, leukocyte infiltration, and vascular permeability caused by acute renal ischemia-reperfusion
injury.®>%* Therefore, FTY720 is presumed to have a renal protective effect in DN. The research results of Award et al
prove this hypothesis.®* After activating SIPR1, FTY720 controlled glomerular permeability and podocyte function by
maintaining the expression of podocyte specific proteins, TNF-a and VEGF. Besides, significant reductions in tubule
damage and vacuolation were observed, suggesting that FTY720 also had a protective effect on proximal tubule cells.
Progressive nephropathy due to DN is caused by glomerular and tubular interstitial injury, so the broad action of FTY720
may be more effective than current treatments for DN.

FTY720 and erectile dysfunction(ED)

ED is one of the peripheral vascular complications of DM. Previous studies have shown that up to 52% of DM patients
may be associated with ED.®* Penile vascular endothelial cells are damaged and apoptotic due to oxidative stress, which
affects the activities of endothelial nitric oxide synthase(eNOS), resulting in decreased nitric oxide(NO) level and
endothelial diastolic function, thus affecting erectile function. The study of Cui et al on FTY720 treatment in T1DM
rat models showed that phosphorylated FTY720 binds to SIPR3 on the surface of endothelial cells to activate the Akt-
eNOS signaling pathway and further promote the release of NO. Subsequently, NO can activate the accumulation of
soluble guanidine cyclase and cGMP, resulting in smooth muscle relaxation and penile erection, thereby improving
erectile function.®® In addition, fibrosis is known to contribute to the development of ED. The study also confirmed that
FTY720 can reduce the lower body fibrosis by inhibiting Smad and non-Smad pathways, and then reduce the apoptosis
of corporal smooth muscle cells, which is a potential new treatment for diabetic ED.

FTY720 and diabetes cognitive decline(DCD)

DCD is a common complication of TIDM and T2DM, which is characterized by a loss of learning ability and
memory and behavioral impairments. Patients with DM are 1.5 to 2.0 times more likely to develop cognitive
decline, cognitive impairment, or dementia than those without DM.®” The onset of DCD is insidious and the
pathogenesis is complex. At present, it is believed that it is related to insulin resistance, blood glucose fluctuation,
neuroinflammation, oxidative stress, and other factors. SIP has strong neuroprotective effects and is important for
normal excitability and synaptic transmission of hippocampal neurons. As a result, the effects of SIPR modulators
on cognitive decline in neurodegenerative diseases such as Alzheimer’s disease(AD), Parkinson’s disease(PD), and
Huntington’s disease are constantly being explored.®® FTY720 is a structure-like sphingosine drug capable of
penetrating the blood-brain barrier.®” Previous studies have shown that the SIPRI agonist FTY720 can reduce
cognitive impairment in AD. One of the neuroprotective mechanisms provided by SIPR1 activation is the regulation
of microglial polarization. Microglia are immune cells in the central nervous system that continuously monitor the
microenvironment of the central nervous system and maintain nervous system homeostasis. When the brain is
damaged, microglia are the first responders.”® After microglia are stimulated by injury, microglia activate and
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polarize into proinflammatory phenotype M1 and anti-inflammatory phenotype M2, leading to the occurrence of
neuroinflammation. Neuroinflammation is the main cause of cognitive decline in diabetic mice.”" A recent study has
confirmed that FTY720 induces the polarization of M1 to M2 through the pstat3-jmjd3 axis to improve neuroin-
flammatory response, further inhibit neuronal apoptosis, improve synaptic plasticity, and provide neuroprotection for
diabetic mice.'* In addition, by inhibiting SIPL in the prefrontal cortex and hippocampus of T2DM mice, FTY720
further reduces P53 level and promotes TP53-associated glycolysis and apoptosis regulator expression, thereby
increasing anti-inflammatory microglial phenotype and inhibiting apoptosis in the brain of diabetic mice.””

Conclusion

In recent years, the application of FTY720 has gradually become a research hotspot in the biomedical field, and its
emergence provides a new target and choice for the treatment of a variety of diseases. Studies in various
pathological models have demonstrated that the SIPR modulator FTY720 can protect islet B cells and increase
insulin sensitivity, so it has the potential to be developed as a drug for DM. In addition, the review also reveals the
promise of FTY720 in improving chronic complications of DM, especially diabetic microvascular complication
(Figure 2). However, the clinical application of FTY720 is still limited. First, while many mechanisms have been
discovered, much remains to be learned about redundant signaling, and the involvement of normal and pathological
immune responses. In addition, due to its broad spectrum effect on SIPR1, SIPR3, SIPR4 and S1PRS, it is easy to
cause some serious adverse reactions, such as first dose bradycardia, macular edema, elevated liver enzymes,
lymphocytopenia, reduced lung function, hypertension, tumor and so on.'>'®!%"73 Therefore, more in-depth studies
on the application of FTY720 in DM and its complications are needed, which enable people to have a deeper
understanding of its mechanism of action in the disease, thus providing new targets and strategies for the prevention,
diagnosis and treatment of related diseases.

Promote islet B cells proliferation,
inhibit apoptosis

= ” Improve insulin sensitivity

FTY720

Improve diabetic
retinopathy

Improve diabetic
nephropathy

= Improve erectile
dysfunction

Figure 2 FTY720 acts on the above-mentioned organs to improve DM and its chronic complications through SIPRI, 3, 4, 5.

Diabetes, Metabolic Syndrome and Obesity 2024:17 htps: 513

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

Abbreviation

AD, Alzheimer’s disease; BRB, blood-retinal barrier; CFR, coronary flow reserve; CK-MB creatine kinase-MB; DCD,
diabetes cognitive decline; DM, Diabetes mellitus; DME, diabetic macular edema; DN, diabetic nephropathy; DR, diabetic
retinopathy; ED, Erectile dysfunction; EMA, European Medical Agency; eNOS, endothelial nitric oxide synthase; FDA,
Food and Drug Administration; FTY720, Fingolimod; FTY720-P, FTY720 phosphate; GLP-1, glucagon-like peptide 1;
GSK-3B, glycogen synthase kinase 33; ICAM-1, intercellular adhension molecule-1; IDDM LEW, 1ARI1-iddm; IL-6,
interleukin-6; IL-1p, interleukin-1f; IPC, ischemic preconditioning; I/R, ischaemic reperfusion; LDH, lactic dehydrogenase;
MCRI1, melanocortin receptors 1; MCRS, melanocortin receptors 5; MPO, myeloperoxidase; mPTP, mitochondrial perme-
ability transition pores; NF-kB, nuclear transcription factor kB; MS, multiple sclerosis; NO, nitric oxide; NOD, non-obese
diabetic; PD, Parkinson’s disease; PDR, proliferative diabetic retinopathy; S1P, sphingosine-1-phosphate; S1PL, sphingo-
sine-1-phosphate lyase; S1PRs, S1P receptors; SphK1, sphingosine kinases 1; SphK2, sphingosine kinases 2; T1DM, type 1
diabetes mellitus; T2DM type 2 diabetes mellitus; TGF-B, transforming growth factor f; TNF-a, tumor necrosis factor a;
VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial growth factor.
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