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LC3/FtMt Colocalization Patterns Reveal the
Progression of FtMt Accumulation in Nigral Neurons of
Patients with Progressive Supranuclear Palsy
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LC3/FtMt Colocalization Patterns Reveal the Progression of FtMt
Accumulation in Nigral Neurons of Patients with Progressive
{E-5a S CEEE Supranuclear Palsy
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Background:

Mitochondrial ferritin (FtMt) is a mitochondrial iron storage protein associated with
neurodegenerative diseases. In patients with progressive supranuclear palsy (PSP),
FtMt was shown to accumulate in nigral neurons. In neurodegenerative diseases like
Alzheimer's, pTau accumulation induces mitochondrial abnormalities and defective
mitophagy, resulting in excessive mitochondrial fragmentation. We previously
observed the accumulation of pTau in the midbrain of PSP patients colocalizing with
FtMt. Using the LC3-IR to stage neuronal damage, we retraced LC3/FtMt patterns
and revealed the progression of FtMt accumulation in nigral neurons. Informed by
these findings, we proposed a hypothesis to explain the function of FtMt during PSP
progression.

Purpose:
To examine FtMt and L.C3 in the postmortem midbrain of control and PSP cases to
elucidate novel aspects of the associated pathology.

Method:

All tissue samples were obtained from the brain bank at the Shiga University of
Medical Science. The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Shiga University of
Medical Science (reference number R2016-026). Post-mortem midbrains from normal
individuals (n = 4) and patients diagnosed with PSP (n = 4) were prepared. For FtMt
immunohistochemistry, deparaffinized sections were subjected to heat-induced
epitope retrieval (HIER) in 1 mM EDTA. The sections were incubated overnight with
C65-2, followed by successive incubations with biotinylated anti-mouse IgM BA 2020
and avidin-biotin-peroxidase complex (ABC). For LC3 immunohistochemistry, HIER
was performed just after deparaffinization in 10 mM citrate buffer (pH 6.3). The
sections were then incubated with rabbit polyclonal against LC3, followed by
incubation with HistostarTM (Ms + Rb) before revelation with DAB. Counterstaining
was performed via immersion in hematoxylin. For the double immunofluorescence
histochemistry, sections were incubated in Alexa-Fluor-555-labeled donkey anti-
mouse IgG and Alexa-Fluor-488-labeled goat anti-rabbit IgG.
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True black solution was applied to reduce endogenous fluorescence. Digital images
were acquired using a Leica TCS SP8 equipped with a Leica DMi8 microscope.
Colocalization of FtMt and L.C3 were then characterized using IMARIS and further
processed with MeshLab.

Result and discussion:

For single immunostaining of SNcs of the control cases, weak-to-moderate FtMt
immunoreactivity (FtMt-IR) was preferentially observed in neurons. Weak LC3
immunoreactivity (LC3-IR) was preferentially found in the SN¢ neurons. In the SCs
of the control cases, there was no apparent FtMt-IR. Faint LLC3-IR was anecdotally
observed in a few neurons. In the SNcs of the PSP cases, strong-to-intense FtMt-IR
was observed. Strong LC3-IR was observed in most neurons. As in the control cases,
a few neurons with faint LLC3-IR were observed in the SC. The SC of a PSP case was
devoid of FtMt-IR. As in the control cases, a few neurons with faint LC3-IR were
observed in the SC. The SC of PSP patients anecdotally showed a few neurons with
faint LC3-IR. For double immunofluorescence of SNes of the control cases, weak-to-
moderate FtMt-IR and LC3-IR were localized in the soma of neurons. In the SNcs of
the PSP cases, intense FtMt-IR and LC3-IR were also localized in the soma of
neurons. Quantitative analysis of fluorescence signal intensities showed a significant
2.5-fold FtMt-IR increase (p = 0.028) and a significant threefold LC3-IR increase (p =
0.029) in the SNcs of the PSP patients. Correlation analysis for the FtMt-IR and LC3-
IR intensities in the control and PSP cases’ SNcs showed a value higher than 0.73,
indicating either a tendency for the FtMt-IR and LC3-IR to increase concomitantly in
all neurons or subpopulations of neurons following different trends. Recurrent FtMt-
IR and LC3‘IR patterns were investigated to identify possible neuronal
subpopulations. Four colocalization patterns were characterized based on the feature
observed under 3D imaging.

Conclusion:

In the nigral neurons of the PSP patients, concomitant accumulation of LC3/FtMt
seemed to be related to mitophagy processes. Using the LC3-IR to stage the
progression of neuron damage, we resolved the FtMt-IR progression in the PSP
patients. This staging could help to elucidate pathological processes in PSP and to
understand the role and function of FtMt in PSP.
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