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Altered expression of human myxovirus resistance protein A

in amyotrophic lateral sclerosis

Hiroyuki Honda , MD, PhD,1,2,3, Shoko Sadashima, MD, PhD2,4,Motoi Yoshimura, MD, PhD2, Naonori
Sakurada, MD1

, Sachiko Koyama, BSc2 ,Kaoru Yagita, MD2, Hideomi Hamasaki, PhD2, Hideko Noguchi, BSc2
,Hajime Arahata, MD, PhD3, Naokazu Sasagasako, MD3

ABSTRACT

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder. The etiology of sporadic ALS
(sALS) has not yet been clarified.An increasing body of evidence suggests the involvement of viral
infections and interferons (IFNs). Human myxovirus resistance protein A (MxA) is an IFN-induced dynamin-
like GTPase that acts as a potent antiviral factor. This study examined MxA expression in ALS patient spinal
cords using immunohistochemistry. Thirty-two cases of sALS (pathologically proven ALS-TDP), 10 non-



ALS, other neurological disease control cases were examined. In most ALS cases, MxA cytoplasmic
condensates were observed in the remaining spinal anterior horn neurons. The ALS group had a
significantly higher rate of MxA-highly expressing neurons than the non-ALS group. Colocalization of MxA
cytoplasmic condensate and transactive response DNA-binding protein 43kDa (TDP-43)-positive inclusions
was rarely observed. Because

MXxA has antiviral activity induced by IFNs, our results suggest that IFNs are involved in the pathogenesis of
ALS in spinal cord anterior horn neurons. Our study also suggests that monitoring viral infections and IFN
activation in patients with ALS may be critically important.
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Abstract

Genetic Creutzfeldt—Jakob disease (gCJD) with V180l prion protein gene (PRNP) mutation shows weaker prion
protein (PrP) deposition histologically compared with sporadic CJD, and it is more difficult to detect protease- resistant
prion protein in immunoblotting. However, we previously reported the autopsy case of a patient with V1801 gCJD who
was treated with pentosan polysulfate sodium (PPS); this case had increased protease-resistant PrP depo- sition. It
has been suggested that PPS might reduce protease-resistant PrP; however, the detailed pharmacological and
histopathological effects of PPS in humans remain unknown. We examined autopsied human brain tissue from four
cases with V180l gCJD that were added to our archives between 2011 and 2021: two cases treated with PPS and two
cases without PPS. We con- ducted a neuropathological assessment, including immunohistochemistry for PrP. We
also performed immunoblotting for PrP on homogenate samples from each brain to detect protease-resistant PrP

using both a conventional proce- dure and size-exclusion gel chromatography for the purification of oligomeric PrP.



Both PPS-treated cases showed long survival time over 5 years from onset and increased PrP deposition with a
characteristic pattern of coarse granular depositions and congophilic PrP microspheres, whereas the cases without
PPS showed around 1-year survival from onset and relatively mild neuronal loss and synaptic PrP deposition.
Although cortical gliosis seemed similar among all cases, aquaporin 4-expression as a hallmark of astrocytic function
was increased predominantly in PPS cases. Immunoblotting of non-PPS cases revealed protease-resistant PrP in the
oligomeric fraction only, whereas the PPS-treated cases showed clear signals using conventional procedures and in
the oligomeric fraction. These unique biochemical and histopathological changes may reflect the progression of V180l
gCJD and its modification by PPS, suggesting the possible existence of toxic PrP-oligomer in the pathophysi- ology of

V1801 gCJD and beneficial effects of PPS toward the aggregation and detoxication of toxic PrP-oligomer.
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Abstract

Leptospira enters humans and animals through injured skin or mucous membranes by direct or




indirect contact with urine excreted from infected reservoirs. Individuals with cut or scratched skin
are at high risk of infection and are recommended to be protected from contact with Leptospira, but
the risk of infection via skin without apparent wounds is unknown. We hypothesized that the stratum
corneum of the epidermis might prevent percutaneous invasion of leptospires. We established a
stratum corneum deficient model of hamsters using the tape stripping method. The mortality rate of
hamsters lacking stratum corneum that were exposed to Leptospira was higher than that of controls
with shaved skin, and was not significantly different from an epidermal wound group. These results
indicated that the stratum corneum plays a critical role in protecting the host against leptospiral entry.
We also examined the migration of leptospires through the monolayer of HaCaT cells (human
keratinocyte cell line) using Transwell. The number of pathogenic leptospires penetrating the HaCaT
cell monolayers was higher than that of non-pathogenic leptospires. Furthermore, scanning and
transmission electron microscopic observations revealed that the bacteria penetrated the cell
monolayers through both intracellular and intercellular routes. This suggested that pathogenic
Leptospira can migrate easily through keratinocyte layers and is associated with virulence. Our study
further highlights the importance of the stratum corneum as a critical barrier against the invasion of
Leptospira found in contaminated soil and water. Hence, preventative measures against contact
infection should be taken, even without visible skin wounds.

Keywords: HaCaT cells; Hamster model; Leptospira interrogans; Leptospirosis; Percutaneous
infection; Stratum corneum.
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