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Targeting metabolism to treat 
multiple sclerosis

Multiple sclerosis (MS) is a chronic 
autoimmune disorder of the central 
nervous system (CNS) that has both 
inflammatory and neurodegenerative 
c o m p o n e n t s .  B o t h  g e n e t i c  a n d 
environmental factors confer risk for 
developing the disease. Additionally, gut 
microbiota appears to play an important 
role in the risk for MS and potentially also 
in affecting disease severity, though our 
understanding of these interactions are 
still incomplete (Bhargava and Mowry, 
2014). The circulating metabolome is at 
the intersection of these various factors – 
genome, gut microbiome and exposome 
and provides unique insights into the 
pathophysiology of the disease (Bhargava 
and Anthony, 2020).  

Metabolic dysfunction in MS: Multiple 
studies have now established that the 
circulating metabolome, as well as the 
cerebrospinal fluid metabolome in MS, 
display multiple alterations compared to 
healthy controls (Bhargava and Anthony, 
2020). The metabolic pathways involved 
are primarily linked to energy metabolism 
(glucose metabolism, ketone bodies, 
amino acid metabolism), oxidative stress 
(glutathione metabolism), lipid metabolism 
(short chain fatty acid, sphingolipid and 
phospholipid metabolism) and xenobiotic 
(xanthine and benzoate) metabolism. 
While some studies have attempted to 
link specific metabolic pathways (such as 
tryptophan metabolism) to disease risk 
or severity (Lim et al., 2017; Nourbakhsh 
et al., 2018), there is a paucity of large 
longitudinal studies that examine the utility 
of metabolic dysfunction as a diagnostic or 
prognostic biomarker. Additionally, there 
is a need for mechanistic studies that 
examine the potential pathophysiological 
consequences of observed metabolic 
alterations in MS. 

Sources of metabolic dysfunction in 
MS: Currently, the precise mechanism 
underlying metabolic dysfunction in MS 
remains unclear. The potential sources of 
these alterations are genetic alterations 
in endogenous metabolism, alterations in 
peripheral immune cell metabolism, diet-
related alterations, altered gut microbial 
metabolism or other environmental 
factors/exposures. There is extensive 
evidence that both genetic variation and 
the gut microbiota influence the level 
of circulating metabolites (Wikoff et al., 
2009; Shin et al., 2014). There may also be 

an interaction between these two factors 
with genetic variation affecting metabolite 
levels through alterations in the gut 
microbiota (Wang et al., 2016). There is 
evidence that metabolic abnormalities 
exist in neurons in MS especially involving 
mitochondrial function (Mahad et al., 
2015). Additionally, metabolic profiles 
appear to differ between pro- and anti-
inflammatory subsets in both innate 
a n d  a d a p t i v e  i m m u n e  c e l l  t y p e s . 
Thus, explanations for alterations in 
energy metabolism related molecules 
would include changes in immune cell 
metabolism (Miyajima et al., 2017). The 
underlying cause of the various altered 
metabolic pathways noted in MS are likely 
to vary and future studies utilizing multi-
omics approaches combining genomics, 
e p i g e n o m i c s ,  m e t a g e n o m i c s  a n d 
metabolomics will provide further insights 
into this important outstanding question. 
This information will be crucial when 
designing appropriate interventions to 
target these aberrant metabolic pathways 
in MS.     

Altered bile acid metabolism in MS: Bile 
acids are cholesterol metabolites that play 
an important role in lipid absorption in the 
gut. Besides this function, these molecules 
can also be absorbed into the circulation 
and have effects on cells throughout the 
body. In our recent study, we noted that 
the levels of multiple bile acids were 
reduced in the circulation of both adults 
and children with MS from two academic 
MS Centers (Bhargava et al., 2020). These 
findings were initially noted on untargeted 
metabolomics assays and were then 
confirmed in an additional cohort using 
targeted metabolomics analyses. In the 
adult MS population, alterations were most 
pronounced in those with progressive 
disease. Interestingly, recent studies have 
also demonstrated alterations in bile acid 
metabolism in Alzheimer’s disease (Nho et 
al., 2018), noting an imbalance between 
certain circulating primary and secondary 
bile acid concentrations. We noted similar 
changes in the ratios of certain primary 
and secondary bile acid metabolites in 
MS, but additionally noted reductions 
in multiple other circulating bile acid 
concentrations compared to controls. 

To further understand the relevance of 
these findings, we assessed the expression 
of bile acid receptors in the brain–using 
autopsy tissue from MS patients and 
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controls. We noted the presence of both 
nuclear [Farnesoid X receptor (FXR)] 
and surface [G-protein coupled bile acid 
recetor-1 (GPBAR1)] bile acid receptors 
in MS lesions and the expression of these 
receptors was higher than in control 
tissue or in normal-appearing white 
matter. These receptors were present 
on both immune [Farnesoid X receptor 
and GPBAR1 on CD68 posit ive cel ls 
(macrophages/microglia)] and glial cells 
[GPBAR1 on glial fibrillary acidic portein 
positive cells (astrocytes)], demonstrating 
that bile acids could influence cells present 
in MS lesions. We then demonstrated that 
treatment of astrocytes and microglia 
in vitro with an endogenous bile acid-
tauroursodeoxycholic acid (TUDCA) led to 
amelioration of inflammatory polarization 
of both these cell types. Since both these 
cell types play an important role in MS 
disease pathophysiology, especially in the 
progressive phase of the disease, reduced 
signaling through these receptors could 
predispose to greater neuroinflammation.   

We also tested the effect of supplementation 
of TUDCA on disease severity in an animal 
model of MS (experimental autoimmune 
encephalomyelitis). We noted reduced 
severity of the disease and this effect was 
lost in mice lacking the GPBAR1 receptor, 
suggest ing that  TUDCA amel iorates 
neuroinflammation through its actions at 
this receptor. 

Overall, these results demonstrated that 
bile acid metabolism is altered in MS and 
that signaling through GPBAR1 in the CNS 
may help in ameliorating neuroinflammation 
(Figure 1). 

Targeting aberrant metabolic pathways in 
MS: As we unravel the pathophysiological 
relevance of metabolic abnormalities in 
MS, we will likely identify new therapeutic 
targets to impact the disease. Targeting 
metabolic dysfunction, will also likely 
require additional information regarding the 
origin of these abnormalities. Interventions 
could then include those targeted at 
the microbiota-probiotics, prebiotics or 
fecal microbiota transplantation versus 
supplementation with specific metabolites. 
Based on current knowledge it is likely that 
cells in both the immune system (innate 
and adaptive) as well as the CNS (glial 
and neuronal) are likely to be targets of 
interventions aimed at modulating aberrant 
metabolic pathways. For example, a short-
chain fatty acid altered adaptive immune 
cell function (as noted below), while bile 
acid supplementation had effects at both 
innate immune and glial cells (as noted 
above).   

A  recent  study,  demonstrated that 
supplementation with propionate, as 
short chain fatty acid that is reduced in 
the circulation and stool of MS patients, 
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leads to increased regulatory T cells 
and a reduction in pro-inflammatory T 
cells with an accompanying reduction in 
inflammatory MS disease activity (Duscha 
et al., 2020). This is an excellent example 
of how metabolic alterations in MS could 
be targeted to treat the disease, provided 
we have insight into the pathophysiological 
relevance of these changes.

Based on our study described above, we 
are currently in the process of testing 
the effect of supplementation of TUDCA 
in progressive MS patients to determine 
whether four months of treatment results 
in changes in the circulating metabolome, 
gut microbiome and peripheral immune 
profile (NCT03423121). If successful, this 
would lead to larger studies to determine 
whether we are able to alter disease 
progression in this patient population.  

It would also be important to consider 
that given the heterogeneity in disease 
presentation and course in people with 
MS, alterations in specific metabolic 
pathways may exist in a subset of this 
population. Metabolomics analyses could 
also help in personalizing interventions 
aimed at a specific metabolic pathway 
to those individuals that demonstrate 
abnormality in the pathway of interest, 
thus enabling precision medicine by 
maximizing the likelihood of benefit and 
potentially minimizing adverse effects. 

Conclus ion:  Metabol ic  a l terat ions 
are present in people with MS and 
mechanist ic  studies  examining the 
relevance of these metabolic pathways 
to MS pathophysiology are beginning 

to identify novel targets for therapeutic 
intervention. Future studies are likely 
to unravel pathophysiological roles  for 
additional metabolic pathways and to 
provide additional treatment targets or 
interventions. Additionally, multi-omics 
studies will shed more light on the origins 
of specific metabolic alterations and will 
also help in personalizing interventions 
aimed at targeting these metabolic 
pathways. 
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Figure 1 ｜ Schematic representation of results from recent study identifying altered bile acid 
metabolism in MS and the effects of bile acid supplementation on neuroinflammation. 
GPBAR1: G protein-coupled bile acid-activated receptor 1; HC: healthy control; MS: multiple sclerosis; 
NAWM: normal-appearing white matter; TUDCA: tauroursodeoxycholic acid; WM: white matter; WT: wild 
type.


