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Efficacy and Mechanism of a Glycoside Compound Inhibiting
Abnormal Prion Protein Formation in Prion-Infected Cells:
Implications of Interferon and Phosphodiesterase 4D-Interacting
Protein

Keiko Nishizawa, Ayumi Oguma, Maki Kawata, Yuji Sakasegawa, Kenta Teruya,* Katsumi Doh-ura
Department of Neurochemistry, Tohoku University Graduate School of Medicine, Sendai, Japan

ABSTRACT

A new type of antiprion compound, Gly-9, was found to inhibit abnormal prion protein formation in prion-infected neuroblastoma
cells, in a prion strain-independent manner, when the cells were treated for more than 1 day. It reduced the intracellular prion protein
level and significantly modified mRNA expression levels of genes of two types: interferon-stimulated genes were downregulated after
more than 2 days of treatment, and the phosphodiesterase 4D-interacting protein gene, a gene involved in microtubule growth, was
upregulated after more than 1 day of treatment. A supplement of interferon given to the cells partly restored the abnormal prion pro-
tein level but did not alter the normal prion protein level. This interferon action was independent of the Janus activated kinase-signal
transducer and activator of transcription signaling pathway. Therefore, the changes in interferon-stimulated genes might be a second-
ary effect of Gly-9 treatment. However, gene knockdown of phosphodiesterase 4D-interacting protein restored or increased both the
abnormal prion protein level and the normal prion protein level, without transcriptional alteration of the prion protein gene. It also
altered the localization of abnormal prion protein accumulation in the cells, indicating that phosphodiesterase 4D-interacting protein
might affect prion protein levels by altering the trafficking of prion protein-containing structures. Interferon and phosphodiesterase
4D-interacting protein had no direct mutual link, demonstrating that they regulate abnormal prion protein levels independently. Al-
though the in vivo efficacy of Gly-9 was limited, the findings for Gly-9 provide insights into the regulation of abnormal prion protein in
cells and suggest new targets for antiprion compounds.

IMPORTANCE

This report describes our study of the efficacy and potential mechanism underlying the antiprion action of a new antiprion com-
pound with a glycoside structure in prion-infected cells, as well as the efficacy of the compound in prion-infected animals. The
study revealed involvements of two factors in the compound’s mechanism of action: interferon and a microtubule nucleation
activator, phosphodiesterase 4D-interacting protein. In particular, phosphodiesterase 4D-interacting protein was suggested to
be important in regulating the trafficking or fusion of prion protein-containing vesicles or structures in cells, The findings of the
study are expected to be useful not only for the elucidation of cellular regulatory mechanisms of prion protein but also for the
implication of new targets for therapeutic development.

rion diseases, synonymously referred to as transmissible
spongiform encephalopathies, are fatal neurodegenerative
disorders that include Creutzfeldt-Jakob disease, fatal familial in-
somnia, and Gerstmann-Striussler-Scheinker syndrome in hu-
mans, as well as scrapie, bovine spongiform encephalopathy, and
chronic wasting disease in animals. All of these diseases are char-
acterized by the deposition of an abnormal isoform of prion pro-
tein (PrPsc), which is a main component of the “prion” pathogen
and is converted from the protease-sensitive normal cellular iso-
form of prion protein (PrPc) in the central nervous system and
lymphoreticular system (1). Both partial protease resistance and
detergent-insoluble polymer formation are biochemical charac-
teristics of PrPsc. A protease resistant core of PrPsc (PrPres) is
detected by immunoblotting using anti-PrP antibody after treat-
ment of PrPsc with proteinase K (1). The biosynthesis and metab-
olism of PrPc and PrPsc have been investigated intensively in
prion-infected cells (2) but have not been elucidated fully. Partic-
ularly enigmatic are the endogenous factors regulating the forma-
tion of PrPsc or the conformational change from PrPc into PrPsc.

The increasing incidence of human prion diseases, which is
attributable to increasing life expectancy, as well as outbreaks of

April 2014 Volume 88 Number 8

Journal of Virology p. 4083-4099

acquired forms of prion diseases, such as variant diseases and iat-
rogenic diseases, have aroused great concern in many countries
and have accelerated the development of antiprion remedies and
prophylactics. Various antiprion compounds or biological mate-
rials reportedly inhibit PrPsc/res formation in vitro or in prion-
infected cells (3-5). Some compounds and biological materials
reportedly extend the incubation periods in prion-infected
animals. Nevertheless, no compound or biological material has
halted disease progression in prion-infected animals, except for
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