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Lipid rafts characterized by the presence of glycosylphosphatidylinositol (GPI)-
anchored proteins, glycosphingolipids, and proteins for signal transduction. The 5–
25 nm clusters of sphingolipid, cholesterol, and protein that make up a lipid raft are
tightly packed and rapidly assemble and disassemble.
Saturated ceramides and cholesterol create lipid rafts.
GPCRs may be present in lipid rafts. 
Caveolae are 50–100 nm “cup-shaped” invaginations of the membrane associated 
with endocytosis, cell signaling, - and also the entry of pathogens into the 
cell. Caveolae resemble lipid rafts but have the proteins caveolin-1, cavin.
Caveolae are most present in endothelial cells.

Glycosphingolipids, ceramides and fibrosis in lung, 

muscle, liver and kidney – therapeutic 

opportunities and links with neurodegeneration

Michael Spedding

(Spedding Research 

Solutions SAS)

1. Fibrosis, ageing, entropy, neuromuscular function.
2. Glycocalyx, glycans, glycosphingolipids, ceramides.
3. Sialic acids and human evolution, Sugar and lipid complexity. 
4. ALS and metabolomics: critical rôle of ceramides/GC, GM1.
5. Critical rôle of ceramides in lung, muscle, liver and kidney  fibrosis.
6. Exploitation of this complexity by viruses – new directions for COVID-19
7. Rationale for use of ambroxol in ALS and COVID-19?
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glycosylphosphatidylinositol
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lipid-raft
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/caveolae
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/endocytosis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/caveolin-1
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Immense Diversity in the sialic acids

- Perhaps the most diverse class of compounds

- Immense capacity in recognition

Chapter 14, 

Figure  2

Essentials of 

Glycobiology 
Second Edition

Ajit Varki: 

Diversity in the sialic acids. The nine-carbon
backbone common to all known Sias is shown,
in the α configuration. The following variations
can occur at the carbon positions indicated:
R1 = H (on dissociation at physiological pH, gives the negative
charge of Sia); can form lactones with hydroxyl groups on the same
molecule or on other glycans; can form lactams with a free amino
group at C-5; tauryl group.
R2 = H; alpha linkage to Gal(3/4/6), GalNAc(6), GlcNAc(4/6), Sia
(8/9), or 5-O-Neu5Gc; oxygen linked to C-7 in 2,7-anhydro
molecule; anomeric hydroxyl eliminated in Neu2en5Ac (double
bond to C-3).
R4 = H; -acetyl; anhydro to C-8; Fuc; Gal.
R5 = Amino; N-acetyl; N-glycolyl; hydroxyl; N-acetimidoyl; N-
glycolyl-O-acetyl; N-glycolyl-O-methyl; N-glycolyl-O-2-Neu5Gc.
R7 = H; -acetyl; anhydro to C-2; substituted by amino and N-acetyl
in Leg.
R8 = H; -acetyl; anhydro to C-4; -methyl; -sulfate; Sia; Glc.
R9 = -H; -acetyl; -lactyl; -phosphate; -sulfate; Sia; OH substituted
by H in Leg.

Around 2 million years ago humans lost Neu5Gc
expression and had to adjust their CD33-related
Siglec binding specificity to accommodate Neu5Ac.
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https://www.ncbi.nlm.nih.gov/books/n/glyco2/glossary/def-item/glossary.gl1-d164/


The Sialome: Varki

Less than 60 genes for the sialome show more than 10 uniquely
human genetic changes in comparison with our closest
evolutionary relatives.
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SIGLECS
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Skeletal muscle represents ~40% of human body mass in men,
~30% in women.

Critical in human evolution.
Muscle is also a secretory organ.
The extracellular matrix is critical to force transduction and encasing
muscle cells, with complex responses to training and ageing. Crucial 
to passive load bearing.
The ECM is a support during both sarcopenia and ALS.

Fibrosis is related to
ageing,
- repair (e.g. damage*), and
- neuromuscular diseases.

* 117,000 kms run?

- Spedding Research Solutions -



Skeletal Muscle Fibrosis

Rat Tibialis, B – challenged with 2 injections of Botox
Lieber & Ward, 2013

Also measure by collagen mass, hydroxyproline etc.

Myofibroblasts
Stimulated by TGFb – SMAD3-P pathway
Fibroadipogenic progenitors (FAPs)

Other Key players:
Myostatin
Angiotensin II
Collagen triple helix repeat-containing 1 protein
Wnt signalling ( incl. GSK3b, b-catenin)
ADAM12 (perivascular cells to myofibroblasts)  

Duchenne Muscular
Dystrophy model
B mdx mouse.
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TGFb
Connective tissue growth factor 
(CTGF/CCN2) inc. (Ab FG-3019)

Pamrevlumab, FG-3019
phase III:   IPF; COVID-19, DMD,
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Superoxide dismutase (SOD1G86R) Tg model
Metabolomic & transcriptomic analysis
Ceramide/glucosylceramide ratio critical
Human patient tissue.

New enzymatic target (GCase)

Powerful
phenotypical
screens

Other Screens
CHMP2B
C9orf72
TDP43

Mitochondria &
Lipid Metabolism
(Khaitovic)

Ambroxol New (Old) Drug
EMA Orphan Drug Designation
Phase II

Servier lipidomics
3000 lipids
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ALS Program
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- Spedding Research Solutions -



Massive reduction of triglycerides in late stage SOD1 mice

Pre – presymptomatic
Par - end stage

just before paralysed
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Glucosyl ceramide is 
reduced in spinal cord -
presymptomatic,
- GSLs increased in 
muscle
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Overview of ceramide and sphingolipid changes
in all studies

Highly 
reproducible 
50% reduction 
in all studies
P<0.0000001

Direct enzyme study GCS no 
change in spinal cord  but 5 
fold upregulation in 
gastrocnemius

Elevated ceramides are a key 
player in cell death
Ceramides downregulate nutrient 
transporters to kill cells. The link 
between nutrients, autophagy 
and cell death lag genes in yeast Increased 77d, 

trend 70d

Fingolimod,
weakly
protective, 
acts as S1P 
agonist

One form of sphingomyelin
increased in spinal cord 70, 
77d agonist. Massive changes 
at 105d

Nearly all triglycerides lost in plasma, muscle, 
spinal cord at end stage !

Henriques et al.
2015, 2017, 2018
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Meta-analysis identified GCS/GCase as
relevant target for ALS

D’Angelo et al. 2013

Sphingosine

Fatty acid

Glucose

Ceramide
Glucosylceramide

*
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GM1 can be labelled with cholera toxin

One of the binding sites for influenza virus.
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GM1 antibodies
cause multifocal motor neuropathy (MMN)
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There are two enzymes Glucocerebrosidase :
GBA1 (lysosomal) and GBA2, non-lysosomal
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Loss of gangliosides
on neuromuscular junctions of SOD1 mice

Henriques et al. 2017 Scientific reports
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ONLY GBA2 Increased in spinal cord



Comparison of concentration-response of ambroxol on 
inhibition of GBA2 and increasing innervation of muscle 
cells by spinal explants in culture plates

(A) Number of functional explants per culture plate identified by the presence of 
contraction of muscle fibres (n=5/group). 

(B) Total area of innervation of functional explants after differentiation (n=5/group).
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Ambroxol inhibits non-lysosomal GBA2
And is a chaperone for GBA1,

While not inhibiting GCS 
(Glucosylceramide Synthase).

Increases autophagy, TFEB metabolism
With an inverse relationship with

a-synuclein.



Ambroxol hydrochloride delays disease onset in SOD1 mice

Ambroxol - Presymptomatic study (120mg/kg/d)
Preserved neuromuscular junction integrity
Delays disease onset (and delays decline after disease onset, grip strength)
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Bouscary et al. 2000
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Fibrosis
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The distribution of ceramide versus sphingomyelin and sphingosine contributes to the delicate
balance of antiinflammatory function versus antimicrobial efficiency in the host response to
infection.

Tracey Bonfield 2020

Myriocin, inhibitor of serine palmitoyl transferase (SPT) inhibits ceramide synthesis, used to show:
o upregulated ceramide synthesis in the alveoli is strictly related to alveolar infection and inflammation,
o alveolar ceramide (C16) can be specifically targeted by nanocarrier delivery of the ceramide synthesis

inhibitor myriocin (Myr) and
o Myr is able to downmodulate pro-inflammatory lyso-PC, favouring an increase in anti-inflammatory PCs.
Myr modulates alveolar lipids milieu, reducing hyperinflammation and favouring anti-microbial effective
response in CF mouse model.
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Sphingosine is a crucial apical membrane antimicrobial



Cell stress induces the membrane-based sphingomyelin
pathway, whereas p53-dependent apoptosis occurs
secondary to DNA damage.
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“When energy need exceeds the storage capacity
in the liver, fatty acids are shunted into
nonoxidative sphingolipid biosynthesis, which
increases the level of cellular ceramides.
Accumulation of ceramides alters substrate
utilization from glucose to lipids, activates
triglyceride storage, and results in the
development of both insulin resistance and
hepatosteatosis, increasing the likelihood of
major metabolic diseases”
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Pharmacological inhibition of ceramide biosynthesis in obese mice,
using myriocin (a selective inhibitor of SPT, the first rate-limiting enzyme
in the ceramide synthetic pathway), induced profound changes in the
adipose tissue, reducing steatosis.

Ceramides impair mitochondrial function and respiratory capacity by
inhibiting oxidative phosphorylation and promoting mitochondrial
fragmentation in numerous cell-types including adipocytes.

C16-ceramides species were highly enriched in adipose tissue, which
was supported by the finding of CerS6, the enzyme essential for
synthesizing C16-ceramides species, was elevated in various rodent
models of obesity.
CERS6 expression is dramatically increased in obese individuals
(Bruning et al)
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Viruses and sphingolipids
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25 patients recovered from SARS-CoV-1
had very poor health, only partially
recovered lung function, and major
changes in serum metabolomics due to
changes in lipid metabolism:
Lipid metabolomics are critical markers
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Time-dependent ‘chaos’
in the endoplasmic-
reticulum/Golgi after
infection

Reconstruction of Viral 
particles budding from the ER

SARS-CoV-1 – ER budding
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- Budding from lipid rafts.
- ‘the outer influenza virus leaflet should

consist almost entirely of sphingolipids and 
cholesterol’ 

- Enrichment of sphinglipids (Lac-Cer) – from
GM3.

- The presence of neuraminidase on envelope
(to ‘deforest’ host cell glycocalyx) will also
affect the envelope GSLs (eg GM3).
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Ambroxol binds with high energy to TMPRSS2 protease in docking studies
thus should reduce SARS-CoV-2 entry into cells
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Ambroxol as a treatment for COVID-19?

As well as ALS and PD?
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Inhibition of non-lysosomal GBA2; chaperone of lysosomal GBA1; increases GlcCer, GM1,
GM3. Increases TFEB activation, Inhibits NaV1.7, 1.8.

Orphan Drug Designation from EMA for ALS.

Ambroxol is already registered as therapy as a safe mucolytic in 77 countries

and may modulate:

1. Viral multiplication
2. Viral clearance from the lungs
3. Access of SARS-CoV-2 to ACE2/TMPRSS2 and lipid rafts, internalisation
4. Protection of the lungs
5. Protection from muscle loss, and recovery from intensive care.
6. Modulation of mitochondrial function.



Ambroxol for the treatment of fibromyalgia: science or fiction? Kern et al. 2017

Ambroxol inhalation ameliorates LPS-induced airway inflammation and mucus secretion through
the extracellular signal-regulated kinase 1/2 signaling pathway. Zhang et al. 2016

Ambroxol inhibits interleukin 1 and tumor necrosis factor production in human mononuclear
cells. Bianchi et al. 1990

Ambroxol suppresses influenza-virus proliferation in the mouse airway by increasing antiviral factor
levels. Yang et al. 2002

Depressant effects of ambroxol and erdosteine on cytokine synthesis, granule enzyme release, and
free radical production in rat alveolar macrophages activated by lipopolysaccharide. Jang et al.
2003

Depressant effects of ambroxol on lipopolysaccharide- or fMLP-stimulated free radical production
and granule enzyme release by alveolar macrophages. Lee et al. 1999

Depressant effect of ambroxol on stimulated functional responses and cell death in rat alveolar
macrophages exposed to silica in vitro. Kim et al. 2002

Inhibition of bleomycin-induced cell death in rat alveolar macrophages and human lung epithelial
cells by ambroxol. Hong et al. 2003

Inhibition of inflammatory responses by ambroxol, a mucolytic agent, in a murine model of acute
lung injury induced by lipopolysaccharide. Su et al. 2004

Effects of ambroxol combined with low-dose heparin on TNFα and IL-
1β in rabbits with acute lung injury. Wang et al. 2011 (Chinese)

Reduction of cytokine release
of blood and bronchoalveolar mononuclear cells by ambroxol. Pfeifer et al. 1997

The experiment and clinical study of ambroxol against the airway inflammation
of chronic hypoxic rat and patients with COPD. Jin and Zhang. 2002

The protective effects of ambroxol on radiation lung injury and influence on production of
transforming growth factor β1 and tumor necrosis factor α. Xia et al. 2010
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10 mg/kg ip bd
ambroxol

20,30

C

30

10

C
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Investigator-driven trials in ALS and COVID-19


