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Pharmacological inhibition of carnitine palmitoyl transferase 1 inhibits and reverses
experimental autoimmune encephalitis in rodents

Reviewer #1: Authors of this study have demonstrated that etomoxir effectively mitigates the loss of
myelin and other pro-inflammatory, degenerative processes in brain tissue of mouse and rat models
of experimental autoimmune encephalitis (EAE), which recapitulates many of the same pathological
characteristics as MS in humans. Despite this interesting finding, authors show only superficially
descriptive data here and there is no mechanistic insights provided as to why this might be happening.
They make the argument that inhibition of CPT1A by etomoxir is a primary reason for the therapeutic
effect, yet there are no convincing measurements taken here to support that. Specific areas where this
study would be strengthened are as follows:

1) Although etomoxir is indeed an irreversible inhibitor of CPT1A, it also has many off-target effects
on other lipid metabolism pathways, including activation of PPARs, and some effects on CoA
metabolism. These are only some of the known off-target effects of this molecule, there likely are
many more. Thus, many experiments are needed to confirm that CPT1A inhibition is the primary
MoA for etomoxir in a study such as this. These experiments are not sufficiently performed in this
study. Specifically, no measurements of fatty acid oxidation are performed in any cell or tissue from
the EAE models to determine if etomoxir is having an effect on this pathway. The immunostaining
for CPT1A protein in the brain slices shown here by the authors is essentially meaningless, as this
could be driven by multiple players, including the disease pathology. The functional effect of
etomoxir on blunting fatty acid oxidation is not confirmed.

Response: Several studies have shown that etomoxir increases the glucose metabolism and decreases
the lipid metabolism in both mice and humans[1-5]. Furthermore, we have measured the glucose

levels in serum from EAE mice, which is illustrated in the figure below.
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Cptla EAE (n=4), WT EAE placebo (n=3) and WT EAE etomoxir (n=3).



2) It is not at all clear, given the experimental design here, which cell type is relevant to the etomoxir
effect. Is CPT1A inhibition more important in oligodendrocytes, lymphocytes, macrophages, or all
of them? This is not at all clear from this study. Work in cell culture models might be useful to sort
this out, or single-cell experiments from the EAE models.

Response: CPTla is expressed in all cells (except in muscle and adipose tissue). We and others have
shown in the past that lymphocytes, macrophages dendritic cells etc. are all affected. In addition,
astrocytes have shown to have upregulated CPT1a. The theory is that most cells are affected by the
drug (etomoxir) and therefore, change the balance in the body to a more glucose metabolism, resulting
in the clinical effect on the disease.

3) Given the numerous off-target effects of etomoxir, an additional experiment that should be
considered is to use a targeted CPT1A-deficient mouse line to confirm that CPT1A is mechanistically
involved in the progression of EAE. This would greatly strengthen the etomoxir data.

Response: These data have in the meantime been published in Scientific Reports where it has been
shown that CPT1a knock down mice are resistant to EAE development[6].

We have now referred to this study in section “Discussion” p. 17 1. 361-363.

4) Use of ferritin staining as a marker of ‘mitochondrial dysfunction’ is dubious, at best. If fatty acid
oxidation is pathologically involved in EAE, then having some indication of mitochondrial fatty acid
oxidation in the tissues involved in this process is essential here. It is well-known that mitochondrial
fatty acid oxidation causes more oxidative stress, and in turn this could lead to degeneration of
oligodendrocytes and inflammation, but these lines of investigation have not been followed here, and
the use of ferritin as a marker does not address these questions in any meaningful way.

Response: Dysfunctional mitochondria and decreased brain metabolism can promote an environment
for enhanced oxidative stress. In the manuscript published in meantime, we have demonstrated that
EAE severity correlates with the gene expression of proteins involved in oxidative stress such as HO-
1 and NOX2[6]. The results showed that the expression of NOX2 and HO-1was significantly
increased in the WT EAE animals. These results were in accordance to the expression of MBP
indicating degradation of myelin in the EAE animals.

Ferritin, the iron storage protein, can when reaching excessive levels cause ROS. The levels of ferritin
are found to be increased in MS patients compared to normal controls as an attempt to protect against
the free levels/excess of iron[7].

We have now made changes to this comment as well as referred to the study in section “Discussion”
p. 19 1. 404 and 1. 406-409.

5) More discussion about EAE as a model of MS in humans is much needed here. What are the
similarities, and what are the limitations?



Response: The experimental autoimmune encephalomyelitis model is an in vivo state-of-art animal
model of MS as it mimics the pathological and clinical features present in the disease.

We have included more discussion of the use of EAE as a model for MS in section “Discussion” p.
20 1. 429-435.

Reviewer #2: The article entitled,” Pharmacological Inhibition of carnitine palmitoyltransferase 1
inhibits and reverses experimental autoimmune encephalitis in rodents” by Morkholt et al., describes
the mechanism of action of a CPT1 inhibitor in vivo. Overall, experiments performed and data
analysis are appropriate, and the manuscript can be published in PLOS One after the authors provide
some clarification.

1) Fig 3a and b. The authors indicate that rats that received CPT1 inhibitor etomoxir showed lower
clinical scores compared to placebo. However, the results were significant only for day 11 data.
Furthermore, there was a significant change in body weight. In fact, compared to the change in body
weight, the clinical score was less significant. The authors need to explain this.

Response: This is a good observation and comment of the reviewer. In this rat model the development
of EAE was highly aggressive, and all placebo animals died within these 11 days. The effect of the
disease induction on the feeding behavior has been found to be preceding the clinical score. In this
model weight change is a first indication of disease induction, which therefore has a higher
significance.

2) The respiratory chain is an important aspect of cellular metabolism. Inhibition of CPT1 is affected
in all cells in the body. Is there any selectivity with CPT1 inhibitors only to neuronal cells?

Response: Same answer as to Reviewer #1 question 2).

CPTl1a is expressed in all cells (except in muscle and adipose tissue). We and others have shown in
the past that lymphocytes, macrophages dendritic cells etc. are all affected. In addition, astrocytes
have shown to have upregulated CPT1la. The theory is that most cells are affected by the drug
(etomoxir) and therefore, change the balance in the body to a more glucose metabolism, resulting in
a reduced inflammation, reduced oxidative stress and the clinical effect on the disease.
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