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PERSPECTIVE

Myelin positron emission tomography
(PET) imaging in multiple sclerosis

Multiple sclerosis (MS) is a neurodegenerative disease charac-
terized by inflammation and demyelination. Studies are focused
on encountering remyelination therapies that can be applied to
delaying, or even decreasing, the motor and cognitive disabili-
ties caused by the disease.

The cellular/molecular changes in MS are dynamic, with
inflammation, demyelination and remyelination inducing
progressive neurodegenerative changes in the central nervous
system, as a whole. Moreover, the imaging methods for accom-
panying the process are, as yet, shortcoming.

Magnetic resonance imaging (MRI) is the usual imaging
method applied in MS diagnosis. However, due to limitations
in specificity, it is difficult to discriminate between inflamma-
tion and demyelination in conventional MRI sequences, due
to evident water tissue signaling. The routine MRI sequences
comprise T1-weighted, T2-weighted and post-gadolinium
T2-weighted images, which, although effective for monitoring
disease activities, are inefficient for quantifying myelin content.
When applying MRI in the diagnosis and monitoring of disease
progression during patient-status evaluation, specific neuro-
logical assessment is essential. Furthermore, a specific tool for
monitoring progressive myelin changes is also required.

Positron emission tomography (PET) is an imaging technique
capable of quantifying processes at the cell/molecule level, de-
pending on the radiotracer used (molecule with affinity for the
target labeled with a positron emitter radioisotope). PET imag-
ing has already been used in MS, especially in neuroinflamma-
tion studies. Over the past decade, stilbene-derivative molecules
have been developed and tested for in vivo evaluation of myelin
content (Wang et al., 2009; Wu et al., 2010), thereby facilitating
the identification of demyelination processes in MS animal
models.

In 2011, the widely used amyloid PET tracer, ''C-Pittsburgh
Compound B (PIB) was first employed for monitoring myelin
in MS patients (Stankoff et al., 2011). Since then, studies have
been focused on evaluating amyloid PET tracers for in vivo my-
elin PET imaging, with both MS animal models (Faria Dde et
al,, 2014; Carvalho et al,, 2019) and MS human patients (Glodzik
et al,, 2015; Veronese et al., 2015; Grecchi et al., 2017; Auvity et
al., 2020). The first successful use of amyloid PET tracers specif-
ic for B-amyloid plaque detection in humans, was in 2004 (Klunk
et al., 2004). Until 2011, white-matter uptake was considered as
non-specific binding, when studies indicated special application
to MS as a myelin marker (Stankoff et al., 2011).

Radiotracer with application to various targets can be inter-
preted as non-specific. In the case of amyloid PET tracers, the
theory is that the target site in tracer binding is the p-structure
in amyloid plaques, whereas in myelin sheath binding it is this
same structure in myelin basic proteins. The analysis of demen-
tia through PET imaging with an amyloid tracer, is completely
different from that of myelin content in MS. Whereas in normal
white matter uptake, binding occurs with intact myelin fibers,
uptake is reduced during demyelination through the partial or
total loss of myelin fibers. On the other hand, in the analysis
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of PET tracers in dementia, the presence of f-amyloid plaques
indicates cortical uptake, which does not occur in normal brain
tissue. Briefly, in Alzheimer’s disease image analysis is focused
on increased uptake in cortical areas of the brain, whereas in
the case of MS this is on decreased uptake in white matter.

"'C-PIB and "'C-MeDAS are the most promising carbon-11
PET tracers for myelin imaging. A study comparing these when
applied to animal models (Faria Dde et al., 2014) indicated cer-
tain advantages of ''C-MeDAS over ''C-PIB, one of which by
indicating higher uptake in the spinal cord, an affected area in
MS. However, to date this tracer has not been used in humans,
contrary to 'C-PIB which has been for more than a decade,
hence making it a possible candidate for use in MS patients.

The short half-life of carbon-11 (20.4 minutes) limits the use
of PET tracers labeled with this radioisotope, to sites where
there is a cyclotron (particle accelerator where positron emit-
ters are produced), thus making it a complex and expensive
radiopharmaceutical structure. As an alternative, amyloid PET
tracers are labeled with fluorine-18 (‘*F), which has a longer
half-life (110 minutes), thereby facilitating tracer-shift to cen-
ters that have a PET scanner, but not a cyclotron/radiophar-
macy structure, an obvious advantage. These tracers (‘*F-flor-
betaben, '*F-florbetapir, '°F-flutemetamol) have already been
validated for detecting p-amyloid plaques. A recent compari-
son with ""C-PIB and ''C-MeDAS in myelin imaging (Auvity
et al.,2020) presented promising results. The disadvantage of
these tracers is the number of studies using "°F labeled tracers,
which are scarcer than carbon-11 labeled, in myelin PET imag-
ing. However, it is probably only a question of time before new
studies are available.

Currently, studies using amyloid PET tracers for myelin imag-
ing are limited to validating demyelination detection, reaching,
in some cases, proof-of-concept for applying myelin PET imag-
ing to monitoring myelin-change progression. Consequently,
higher efficiency in technique validation to arrive at proof-of-
tool propriety becomes a prime necessity.

Studies of imaging-tool validation and proof-of-concept al-
ways start with well-designed animal-model research. In MS,
although several animal models are available, none mimic the
human disease completely. Thus, choice of the appropriate
model is based on research questions: is there progressive de-
myelination and remyelination; is the demyelinated area in the
brain, focal or widespread; is there an inflammatory compound
together with myelin changes; is the animal a model of relaps-
ing-remitting (RRMS) or progressive (PMS) MS.

Figure 1 presents ''C-PIB PET imaging in various species.
Starting from left to right: 1) the brain of a lysolecithin inoculat-
ed rat with spot-focal demyelination at the points of stereotaxic
injection (corpus callosum and striatum), where decreased trac-
er uptake is apparent; 2) marmoset brain with experimental au-
toimmune encephalitis, presenting a wide-spread demyelinated
area after peripheral myelin-antigen immunization; 3) the brain
of an RRMS patient with a clear focal-demyelination area. These
are clear examples of the possibilities available when studying
myelin PET imaging in MS.

RRMS is characterized by periods of relapse and recovery,
and PMS by progressive disablement. The identification of MS
phenotypes is a difficult task, restricted to experts in the field of
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neuroimmune pathology.

Two perspective lines of research in the field of myelin im-
aging in MS are progressive monitoring of myelin changes and
identification of MS phenotypes.

Progressive monitoring is essential for evaluating the course
of the disease and treatment response. As treatment could be
pharmacological, non-pharmacological or both, an in vivo im-
aging tool that would facilitate evaluating sequential changes
caused by treatment efficacy or otherwise, becomes a prime ne-
cessity. Disease progression monitoring is normally with MRI,
where focus is on the number of lesions caused by either demy-
elination or inflammation. A specific tool for myelin imaging
with the capacity to evaluate remyelination occurring either
spontaneously in central nervous system or through novel re-
myelination therapy, is crucial.

The second line of research involves identifying MS pheno-
types. Definition of the most appropriate MS type is essential
for managing clinical decisions and determining the adequate
treatment. Based on MRI and clinical signs, patients are clas-
sified as RRMS or progressive. However, as in some cases this
can be complicated, this is the crucial moment when a specific
imaging tool would be of great help in arriving at a plausible
decision.

Briefly, myelin PET imaging in MS is a relatively new field of
study, with promising results, and deserving of further study.
Worthy of note: though studies of myelin imaging are focused
on MS, other neurodegenerative diseases can also find benefit
from the findings, since white matter changes are also known
to occur elsewhere. This is also the case of other studies of brain
development, where white matter fibers can be appraised during
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Figure 1 "'C-PIB PET imaging fused to T1
MRI in different species showing
demyelinated regions in the brain.

The first image refers to a rat brain of a ly-
solecithin rat model of MS. Second image
shows demyelination in an EAE marmoset
brain and the third image shows a MS patient.
White arrows show the areas with demye-
lination (decreased "'C-PIB uptake). ''C-PIB
PET: "'C-Pittsburgh Compound B positron
emission tomography; EAE: experimental au-
toimmune encephalomyelitis; MRI: magnetic
resonance imaging; MS: multiple sclerosis.
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