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[Summary in English]

To establish the biomarkers effective for objective diagnosis and development of rational therapies
for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS), we tried the recruitment of the
patients who showed statistically significant grade of positive neuronal inflammation detected by PET
study. We have done PET study on 76 ME/CFS patients and 43 healthy control subjectswith integrated
studies on a variety of biomarkers and clinical symptomatology.

PET data showed 34% of the ME/CFS patients showed the neuronal inflammation higher than
the threshold of the healthy controls in the thalamus and brainstem, which was the reproducible data
with our previous publication.

Ninety-five percent of ME/CFS patients are aware of deep disorders. The ME/CFS patients group
has a longer sleep time due to poor sleep quality compared to the control group. Decreased daytime
activity due to chronic fatigue worsens sleep quality in ME/CFS patients. Chronic fatigue and sleep
status form avicious circle in ME/CFS patients.

We collected al data from the collaborators, created a comprehensive database, and conducted
statistical analysis. The number of extracellular vesicles, which is one of the newly discovered
biomarkers of ME/CFS by our group, was positively correlated well with the extent of
neuroinflammation in a part of the brain region.

ME/CFS patients and healthy subjects completed the Chalder’s Fatigue Scale (physical and mental
fatigue) and MRI measurements. The relationship between the questionnaire scores and brain
morphological features or functional connectivity of resting state was examined. The results showed
that the higher the score of mental fatigue on the Chalder’s Fatigue Scale, the smaller the volume of
the insular cortex (p < 0.05). As for the functional connectivity, that between the right insular cortex
and the anterior cingulate cortex was smaller in the ME/CFS group compared to the control group (p
< 0.05). In addition, the higher the mental fatigue score on the Chalder’s Fatigue Scale, the greater the
functional connectivity between the right insular cortex and the Heschel’s gyrus (p < 0.05). These
results suggest that mental fatigue is associated with abnormalities in the volume and functiona
connectivity of the insular cortex in ME/CFS patients.

We compared oxidative stress index (OSl) levels, lymphocyte subset ratios, and monocytes
surface antigen in ME / CFS patients and healthy subjects. The results confirmed that the OSl levels
were significantly higher in sera of the ME / CFS patients than in those of the healthy volunteers. In
addition, lymphocyte subset analysis showed that ME / CFS patients had a significantly increased

proportion of B cells compared to healthy subjects. Furthermore, the surface antigen analysis of



monocytes revealed that the proportion of CD14+ / CD16- monocytes significantly decreased and
the proportion of CD14+ / CD16+ monocytes were significantly increased in ME / CFS patients as
compared with healthy subjects.

We then proceeded to the next stage of treatment study with Ibudilast, a subtype of
phosphodiesterase 4 inhibitor and well known as an anti-inflammatory drug. Open trial with the
ME/CFS patients who fulfilled the inclusion criteriaincluding the positive neuroinflammation by
[*F]DPA-714 PET has been conducted with 4-month treatment of Ibudilast. The therapeutic effects
were evaluated by PET and other biomarkers with the clinical scores of the patients' symptoms.
Unfortunately, during the COVID-19 infection period, we could not recruit enough number of the
patients (13 participation, 2 withdrawal, 1 PET study problem). Completing ten patients showed the
total fatigue score decreased after administration of Ibudilast. Concerning the PET study, binding
potentials (BPnp) of the midbrain and insula after the intervention for treatment using ibudilast were
trended to be lower than those before the treatment. The brain regions with higher BPp after the
intervention as compared with those before the treatment were not observed, suggesting that the
safety of ibudilast for treatment in ME/CFS patients was confirmed athough the number of
participants was limited.

To evaluate the anti-fatigue effect and examine underlying mechanisms of fatigue chronification,
we attempted to develop severa preclinical fatigue animal models. A chronic fatigue model has been
developed by using an intermittent water immersion procedure in which fatigue was evoked via the
gradual disruption of homeostasis induced by repeated short-term rest periods during continuous
fatigue loading. In this chronic fatigue model, we demonstrated that the sleep- and thermos-
regulatory functions were altered with the development of chronic fatigue. The tissue weight of
immune- and endocrine-related organs was altered, such as the adrenal gland increased but the
thymus and spleen decreased. Moreover, the plasma level of the oxidative stress and pro-
inflammatory cytokines was increased in the late phase of fatigue loading. To evaluate the imaging
capability of [*8F]DPA-714, a second-generation PET probe developed for quantitative analysis of
neuroinflammation, we performed a PET study in an acute focal neuroinflammation animal model
and demonstrated that the [*8F] DPA-714 has better imaging sensitivity and signal-to-noise ratio than
[MC]PK 11195, agold standard for imaging neuroinflammation has been used extensively in clinical
and preclinical studies so far. To investigate whether and how the regional neuroinflammation is
involved in fatigue pathophysiology, we also performed a quantitative investigation of
neuroinflammation in a peripheral infection-induced fatigue animal model using [*®F]DPA-714, and
found that the brain uptake of the [*8F]DPA-714 was significantly increased in widespread brain
regions and some of them were positively correlated with fatigue-like behavior, indicating that

regional neuroinflammation may be involved in fatigue devel opment following peripheral infection.



However, to our regret, we could not show the positive effects of Ibudilast in this animal model,

possibly because of much faster metabolism of Ibudilast in model rats than humans.
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