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ABSTRACT

Sphingolipids are lipids that have a sphingoid base and contain a group of aliphatic amino
alcohols that contain sphingosine. Sphingolipids are essential in treatment of neurodegenerative,
neuroinflammatory, and neuropsychiatric diseases. Sphingolipid imbalances can cause
neurological and psychological problems. The emergence of diseases such as AD, PD, HD are
linked to abnormal Sphingolipid metabolism. Sphingolipids play a role in neuronal
demyelination, which can lead to diseases including Multiple Sclerosis.

In clinical trials, prognostic biomarkers are used to investigate diseases and assess medication
and treatment response. Prognostic biomarkers provide knowledge about the progression of the
disease. In the case of ductal carcinoma of the breast, sphingosine kinase 1 (SPHK1) has
prognostic significance. Sphingolipid metabolism is being studied as a possible prognostic
biomarker for breast cancer. Sphingolipid changes have been identified in Melanoma, and
Sphingomyelin synthase 1 (SMS1) has been linked to melanoma prognosis. Glycosphingolipids
have also been identified as possible biomarkers for prostate cancer. Sphingolipidomics has
advanced as a prognostic method for SLE an autoimmune disease. Sphingolipids and their
metabolism are the focus of this study. S1P is also used to predict the outcome of CAP.

In this present review, we give an overview of how sphingolipids plays a role as prognostic
biomarker in neurological disorders and will provide knowledge about recent advances in
investigational techniques.

Keywords: Sphingolipids, Prognostic biomarkers, Methods of lipid investigation, neurological
diseases, cancer

ABBREVIATIONS: LC-MS liquid chromatography based mass
AD Alzheimer’s disease spectrometry
BDNF brain derived neurotrophic factor MALDI matrix assisted laser desorption
CerS ceramide synthase ionization
EI-MS electronspray ionization mass MS Multiple sclerosis
spectrometry MSI mass spectroscopy imageing
GlcCer glucosylceramide PD Parkinson’s disease
GalCergalactosylceramide RRMS relapsing remitting multiple sclerosis
GSLs glycosphingolipid SPHK sphingosine kinase
GCS glucosylceramide synthase SPT serine palmitoyl transferase
HD Huntington’s disease SM sphingomyelin
HTT huntingtin gene S1P sphingosine-1-phosphate
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1. INTRODUCTION
Sphingolipids are the class of lipids generally
found in brain. More than a century ago
Wilhelm  Thudichum

Johann  Ludwig

discovered Sphingolipids in brain [1].
Sphingolipids shows presence of backbone of
sphingoid base or long chain which are
represented as Sphingosine. Sphingoid base
consist of amide linked to very long chain
fatty acid which will form ceramide a simple
type of sphingolipid, in which addition of
head groups may lead to formation of more
complex sphingolipids like SM, GlcCer,
GalCer [2]. Bioactive sphingolipids play
important role in transmission of signalling
in the brain [3].

Ceramide synthesis takes place by
mechanism of de novo synthesis (Figure 1).
In animal cell, ceramide synthesis occurs in
ER and mitochondria. Ceramide is de novo
synthesized by serine and palmitoyl co-A
condensation to give 3-ketosphinganine, with

the help of enzyme SPT. 3-ketosphinganine

is reduced to sphinganine catalyzed by
NADPH dependent 3-dehydrosphinganine
reductase or ketosphingosine reductase [4-5].
The sphingoid base 1is desaturated to
sphingosine and then by acylation it forms
ceramide with the help of dihydroceramide
desaturase [6].

GSLs get degrade into ceramide, inside

lysosomes due to action of certain acid

exohydrolase [7-8]. In lysosomes acid
ceramidase (N-acylsphingosinedeacylase)
which is a lipid hydrolase, causing
degradation of ceramide to produce

sphingosine and free fatty acids (Figure 1)
[9]. Phosphorylation of this sphingosine
gives two different types of kinases such as
SK1 and SK2, which will form S1P [10].
FTY720 (fingolimod) which an analog of
sphingosine was the first compound that

binds to S1P receptors [11-12].
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Figure 1: Representation of metabolism of Sphingolipids. De novo synthesis of ceramide occurs by combination of serine
and palmitoyl co-A (shown by blue arrows) and recycling of S1P also gives ceramide (shown by red arrows). Ceramide is
a precursor for glycosphingolipids and sphingomyelins. Hydrolytic degradation of ceramide gives fatty acids and
sphingosine (shown by black arrows) which on phosphorylation gives S1P
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2. METHODS OF LIPID INVESTIGATION:-
Lipidomic investigation is mainly a mass
spectroscopy  based  analysis.  Recent
advances in lipidomic investigation by mass
spectrometry gives detailed characterization
of lipids which will includes sphingolipid
classes and other categories of lipids. While
doing MS analysis, lipid solution could be
analyzed by shotgun method or by LC-MS
[13] (Figure 2).

2.1. Shotgun method: Shotgun method is
also called as directly infusion based
lipidomic. In this shotgun method unique
chemical or physical properties of lipids and
its subclasses are extracted from biological
sample and is injected to mass spectrometer
without purification. Lipid analysis after
direct infusion is demonstrated by EI-MS
[14-16].

2.2. Liquid chromatography basedmass
spectrometry (LC-MS): LC-MS in normal
phase is used for the identification of
glycerophospholipids. LC-MS in reversed
phase is used for acyl chain separation which
is associated with the study of wvarious
neurodegenerative  diseases. Lipids are
investigated by using MSI which is
associated with MALDI [17].

3. ROLE OF SPHINGOLIPIDS IN
NEURODEGENERATIVE DISEASES:
3.1. Alzheimer’s disease (AD): Alzheimer’s
disease is a neurodegenerative disorder,
associated with dementia and decline of
cognitive disability. Pathology of AD is
characterized by accumulation of extracellular
amyloid, chronic neuroinflammation and
neurofibrillary tangles or tau protein and
causes neuronal death.

Aggregation of B-amyloid (AP) associated
with accumulation of extracellular senile
plaque. B-amyloidare monomers released in

external ~ environment of cell by

amyloidogenic pathway, aggregation forms
oligomers converted to plaques showing
toxic effect for neurons. Elevated level of
ceramide in CSF and brain white matter is
seen in AD dementia hence, early AD stage
shows alteration in plasma ceramide level
[18].

While most of the studies found association
with B-amyloid and sphingolipids, some
found link between

recent  studies

sphingolipids and tau protein
phosphorylation. Ceramide modulates the
activity of PP2A enzyme hence, as the
ceramide level increases tau protein leads to
hyperphosphorylation which will leads to
neurodegeneration  with  deposition  of
amyloid.Hence alteration in sphingolipid
mechanism increases the risk of AD
development [19]. Dose response study by
using fingolimod was carried out on
transgenic AD mice where 1mg/kg/day dose
is given and it shows that fingolimod
decreases P-amyloid level in brain and
improves memory. Hence, fingolimod may
have potential therapeutic benefit in AD [20].
In animal model female FVB-Tg mice which
express human ABPP mutation is studied and
FTY720 in 0.9% NaCl is administered, it
shows that FTY720 blocks neuronal death
occurring due to aggregation of AP and it
restore production of neurotrophin [21].

3.2. Parkinson’s Disease (PD): Parkinson’s
disease is a neurological disease, affecting
movement of body which often include
associated  with  loss  of

tremors,

dopaminergic neurons which leads to
reduction of dopamine level in brain causing
neurodegeneration and chronic
neuroinflammation.

Glycosphingolipid a subclass of lipid
regulates inflammatory process of brain

functions. Hence, deregulation in metabolism
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of glycosphingolipid is seen in Parkinson’s
disease. Various proinflammatory cytokine
like TGF-B can be considered as therapeutic
targets or biomarkers in neurodegenerative
disorders [22-23]. Glucocerebrosidase
(GBA) which is an enzyme that breakdown
GlcCerinto glucose and ceramide is involved
PD and mutation in gene coding of this
enzyme is genetic risk factor in PD [24].
Recently study has been carried out on A53T
transgenic mouse model which shows
fingolimod (FTY720) elevates BDNF and
lowers  aggregation  of  a-synuclein.
Solubilization of a-synuclein decreases level
of ganglioside in PD by which fingolimod
gives neuroprotective effect [25-26].

3.3. Huntington’s Disease (HD):
Huntington’s disease (HD) is an inherited
neurodegenerative disease caused by faulty
CAG trinucleotide expansion of HTT gene.
Disturbances in motor function, loss of
thinking ability is seen in HD [27]. Study
showed alteration in upregulation of SGPL1
and SKI1 in HD (Table 1). Impaired
ganglioside metabolism was shown in HD,
ganglioside GM1 reduced in fibroblast of HD
patient. Administration of GMI1 decreases
mutation of HTT gene hence, GM Itreatment
decreases the rate of degeneration of neurons,
atrophy of white matter and body weight loss
[28].

4. ROLE OF SPHINGOLIPIDS IN
NEUROINFLAMMATORY DISEASES:
4.1. Multiple sclerosis (MS): Multiple
sclerosis 1S an autoimmune, chronic
neuroinflammatory disease, associated with
demyelination of neurons results into loss of
vision, pain and impaired coordination [29-
30].

Several studies suggested that sphingolipid is
sclerosis.

associated ~ with ~ Multiple

Sphingolipid involve in demyelination of

neurons during pathogenesis of MS. Level of
sphingolipid elevated in MS brain due to
stimulation of inflammatory cytokines
leading to death of oligodendrocytes [31].
Conversely S1Preceptor modulators act as a
modifier in MS, it decreases demyelination
of neurons and increases the course of
remyelination. More specifically,
sphingosine-1-phosphate receptor 2 (S1PR2)
reduces demyelination [32]. Hence, S1PRs
are considered as therapeutic targets for
inflammatory diseases like Multiple sclerosis
[33]. Fingolimod (FTY720) which is S1P
receptor agonist was first drug approved by
US-FDA and is considered as safe and
effective therapy for relapsing of MS.
Fingolimod  protects  astrocytes  from
neuroinflammation (Figure 3) [34]. Three
drugs are clinically approved for treatment of
RRMS such as fingolimod, teriflunomide,
dimethyl  fumarate  [35].  Siponimod
(BAF312) is another novel therapy which
gives anti-inflammatory and neuroprotective
mode of action. Siponimod modulates glial
cell function and attenuates demyelination
[36]. Study shows that Siponimod
administration gives beneficial effects for
experimental autoimmune encephalomyelitis
(EAE) in MS rodent model by altering
glutamatergic  transmission and  gives
neuroprotective effects in CNS of EAE mice
[37].

5. ROLE OF SPHINGOLIPIDS IN
NEUROPSYCHIATRIC DISEASES:
Pathological processes of  various
neuropsychiatric diseases include metabolism
of sphingolipids. Chronic stress animal
model was studied for advancements of
understanding  depression and anxiety.
Imbalance in various types of sphingolipids
ceramide,

such as sphingomyelin and

GalCers involve in psychiatric disease
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development. Interestingly, it was shown that
anxiety was decreased and depressive
symptoms was improved by fingolimod in
MS patients. Study showed that fingolimod
gives protective role for chronic stress
induced anxiety like behavior. Sphingolipids
acts as surrogate markers for treatment of
neuropsychiatric diseases. Study was carried
out on animal model where tricyclic
antidepressant such as amitriptyline was
administered, results into reduction in
ceramide concentration and improvement in
behavior [1].

6. ROLE OF SPHINGOLIPIDS IN
CANCER:

6.1. Breast cancer :Breast cancer is common
type of cancer among females. Breast cancer
metastasis is determined by genetic changes
that result in cancer cells surviving,
proliferating, migrating away from primary
site and gaining or losing functions. SPHK
(sphingosine kinase) act as key enzyme in
pathophysiology of cancer (Figure 3). S1P
forms by phosphorylation of sphingosine by
SPHK1, to prevent apoptosis and stimulate
cellular proliferation and angiogenesis. Study
suggested that SPHKI1 expression involve in
development and progression of breast cancer
and act as potential prognostic biomarker in
breast cancer [38]. Study has investigated
gene expression could be correlation
coefficient for diagnosis and prognosis of
cancer [39]. Mass spectrometry (LC-HRMS)
identifies various types of sphingolipids in
breast cancer. Upregulation in SPHKI
expression observed in tumor cells.
Conversely, ceramide causes apoptosis of
cancerous cells and inhibit growth of
cancerous cells and Thence, ceramide
phosphate is potential diagnostic and clinical
relevance of breast cancer [40]. Recent

translational studies gives evidence of

clinical importance of sphingolipids as
biomarker in cancer diagnosis and prognosis.
Bioactive sphingolipids demonstrated
correlation between patient survival and
treatment response in different types of
tumors [41].

6.2. Melanoma: Melanoma is frequently
reported, most dangerous and deadliest type
of skin cancer. Study shows progression in
melanoma due GCS enzyme in mice.
Downregulation of sphingomyelin synthase 1
(SMS1) occurs frequently in melanoma,
associated  with reprogramming of
sphingolipids [42].

6.3. Prostate cancer: Prostate cancer is
common cancer in male, accounting over
350,000 death worldwide in 2018. Detection
of Prostate-specific antigen (PSA) became
standard test for prostate cancer in 1990.
Study found  glycosphingolipids  are
associated with prostate cancer. Hence,
glycosphingolipids could be prognostic
biomarker for prostate cancer [43-44].

7. ROLE OF SPHINGOLIPIDS IN
OTHER DISEASES:

7.1. Systemic Lupus Erythematosus (SLE):
SLEis an autoimmune disease involving
multiple organ damage including kidney,
lungs, cardiovascular and neuropsychiatric
systems. Recent study shows elevation in
level of sphingolipid in serum sample of SLE
patient. Sphingolipids such as
sphingomyelin, ceramide shows elevation in
SLE. Hence, sphingolipidomic could be
potential prognostic tool for SLE [45].

7.2. Community Acquired Pneumonia (CAP):
CAP is an acute respiratory system infection.
S1P plays integral part in immune defense
and maintenance of endothelial barriers. S1P
protect lungs from lung injury and
pulmonary leak. Hence, S1P acts as potential

biomarker for pneumonia [46].
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Figure 3: Representation of effect of fingolimod (FTY720) on hyperactive sphingomyelin-ceramide-sphingosine-S1P
pathway in MS

Table 1: Representation of Downregulation and Upregulation of sphingolipids in AD, PD and HD

Sphingolipids
Ceramide

Sphingomyelin
Sphingosine

Sphingosine-1-Phosphate (S1P)

Ganglioside GM1

Ganglioside GM3

Enzymes

Sphingosine kinase 1 (SK1)
Sphingosine kinase 2 (SK2)
Acid Sphigomyelinase (ASM)

Acid Ceramidase (AC)

Ceramide synthase (CerS)

Upregulated

Downregulated

Upregulated
Downregulated

Upregulated

Upregulated

Downregulated

Downregulated

Upregulated

Upregulated

CerS1 Upregulated, CerS2
and CerS6 Downregulated

Parkinson’s Disease

Downregulated

Downregulated
Not Available
Downregulated

Downregulated

Not Available

Downregulated

Downregulated

Downregulated

Not Available

Upregulated

Upregulated

Not Available
Not Available
Downregulated

Downregulated

Not Available

Downregulated

Not Available

Not Available
Not Available

CerS1 Downregulated
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8. CONCLUSION

The study has shown that, lipid plays vital
role in neurodegenerative, psychiatric and
neuroinflammatory diseases as well as in
cancer because the abnormal level of
sphingolipids may lead to diseased condition.
Sphingolipids are wused as prognostic
biomarkers as it makes easier and beneficial
determination of therapy and treatment in
clinical trials. This study has given overview
of sphingolipids in neurological disorders,
cancer and advances in investigational
methods. Imbalance in level of Sphingolipids
like ceramide and sphingomyelin results in
various diseases like AD, PD, HD, MS and
many psychiatric disorders such as anxiety,
depression and cancer like breast cancer,
melanoma and prostate cancer. Prognostic
biomarkers give information about how the
disease has been developed. Sphingosine
kinase 1 (SPHKI) gives prognostic value in
case of ductal carcinoma of breast. Metabolic
pathway of Sphingolipid is considered as a
potential prognostic biomarker for Breast
cancer. Alteration in Sphingolipids have been
reported in Melanoma as Sphingomyelin
synthase 1 (SMSI1) is associated with
prognosis  of  melanoma. Similarly,
identification of Glycosphingolipids can be
used as potential biomarkers for Prostate
cancer. Sphingolipidomic could be potential
prognostic tool in Systemic Lupus Erythe-
matosus (SLE). Similarly, sphingosine-1-
phosphate is used in prognosis of
Community Acquired Pneumonia (CAP).
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