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TO THE EDITOR
Prion diseases are fatal and incurable neurodegenerative diseases
caused by a pathogenic form of prion protein (PrPSc) derived from
a cellular form of prion protein (PrPC). Recent studies have reported
that aquaporin 4 (AQP4) expression is dramatically upregulated in
the brains of individuals with several different prion diseases. Since
AQP4 is a key protein of the glymphatic system, which is the
perivascular waste clearing system of the brain, and since altered
expression of AQP4 has been observed in prion diseases, the
glymphatic system may be associated with prion diseases. Thus,
investigation of the association between the glymphatic system
and prion diseases is important. We identified the altered expres-
sion pattern of glymphatic system-related molecules in prion-
infected mice at 7 months post-injection and sporadic Creutzfeldt-
Jakob disease (CJD) patients by western blotting and immunohis-
tochemistry (IHC). In addition, we introduced glymphatic system-
activated drugs, including dexmedetomidine and clonidine, which
are known to increase glymphatic flow and remove brain waste.
Then, we evaluated the protective effect of glymphatic system-
activated drugs in prion-infected mice by western blotting and
survival analysis. We identified altered band patterns of cleaved
agrin and upregulation of neurotrypsin expression in prion-
infected mice and sporadic CJD patients. We found dramatic
clearance of PrPSc and amelioration of astrocytosis in the
dexmedetomidine- and clonidine-treated prion-infected mice at
5 months post-injection. In addition, we observed a significantly
delayed incubation period in the dexmedetomidine- and
clonidine-treated prion-infected mice.
Prion diseases are fatal, progressive and irreversible brain

proteinopathies characterized by astrocytosis and the accumula-
tion of PrPSc originating from PrPC [1]. Recent studies have
reported that AQP4 expression is dramatically elevated in the
brains of individuals with several prion diseases [2–4]. Since AQP4
is a key protein of the glymphatic system in the brain and altered
expression of AQP4 has been observed in prion diseases [5, 6], the
glymphatic system is assumed to be associated with prion
diseases. Thus, investigation of the association between the
glymphatic system and prion diseases is important.
To identify novel glymphatic system-related biomarkers in

prion-infected mice, we investigated the expression pattern of

glymphatic system-related proteins in prion-infected mice and
matched controls at 7 months post-injection by western blotting.
In brief, total prion protein (PrP) and PrPSc levels were
upregulated and accumulated in prion-infected mice compared
to control mice. In addition, astrocyte markers, including S100,
glial fibrillary acidic protein (GFAP) and excitatory amino acid
transporter 1 (EAAT1), were significantly elevated in the prion-
infected mice. In agreement with previous studies, AQP4 in this
study was elevated in the prion-infected mice compared to the
control mice. Notably, glymphatic system-related proteins,
including agrin and neurotrypsin, showed different expression
patterns in the prion-infected mice compared to the matched
controls (Fig. 1A, B).
We also investigated the expression pattern of glymphatic

system-related proteins in the cerebral cortex of the prion-infected
mice and the matched controls at 7 months post-injection by IHC.
Similar to the western blotting results, the astrocyte marker GFAP
was elevated in the prion-infected mice. Notably, glymphatic
system-related markers, including AQP4, agrin and neurotrypsin,
were also elevated in the prion-infected mice compared to the
matched controls (Supplementary Fig. 1).
We also investigated the expression pattern of glymphatic

system-related proteins in the frontal cortex of sporadic CJD
patients and matched controls by western blotting. In brief, the
expression level of PrP was similar between the sporadic CJD
patients and the matched controls. However, PrPSc accumulation
was observed in the sporadic CJD patients but not in the matched
controls. Notably, glymphatic system-related proteins, including
AQP4, agrin and neurotrypsin, showed different expression
patterns in the sporadic CJD patients compared to the matched
controls (Fig. 1C, D).
To evaluate the protective effects of glymphatic system-

activated drugs [7, 8], including dexmedetomidine and clonidine,
against prion disease, we inoculated the ME7 scrapie strain into 6-
week-old mice; treated them with PBS, dexmedetomidine and
clonidine weekly; and sacrificed them at 5 months post-injection.
Notably, PrPSc was dramatically eliminated in the dexmedetomi-
dine- and clonidine-treated prion-infected mice compared to the
PBS-treated prion-infected mice at 5 months post-injection. In
addition, the astrocyte marker GFAP was significantly decreased in

Received: 11 July 2021 Accepted: 16 July 2021
Published online: 6 August 2021

1Korea Zoonosis Research Institute, Jeonbuk National University, Iksan, Jeonbuk, Republic of Korea. 2Department of Bioactive Material Sciences and Institute for Molecular Biology
and Genetics, Jeonbuk National University, Jeonju, Jeonbuk, Republic of Korea. 3These authors contributed equally: Yong-Chan Kim, Sae-Young Won. ✉email: bhjeong@jbnu.ac.kr

www.nature.com/cmi

http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-021-00747-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-021-00747-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-021-00747-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-021-00747-z&domain=pdf
http://orcid.org/0000-0002-4525-9994
http://orcid.org/0000-0002-4525-9994
http://orcid.org/0000-0002-4525-9994
http://orcid.org/0000-0002-4525-9994
http://orcid.org/0000-0002-4525-9994
mailto:bhjeong@jbnu.ac.kr
www.nature.com/cmi


the dexmedetomidine- and clonidine-treated prion-infected mice
(Fig. 1E–G, Supplementary Fig. 2).
To evaluate the protective effects of glymphatic system-

activated drugs, including dexmedetomidine and clonidine, we
performed a survival analysis. In brief, the incubation period of the
PBS-treated prion-infected mice was 227.5 ± 1.91 days. Notably,

the incubation periods of the dexmedetomidine (233.6 ±
3.21 days) and clonidine (232.8 ± 1.48 days)-treated prion-
infected mice were significantly delayed compared to those of
the PBS-treated prion-infected mice (Fig. 1H). PrPSc accumulation
in the dexmedetomidine-treated prion-infected mice was similar
to that in the PBS-treated prion-infected mice. However, the

Fig. 1 Strong association of the glymphatic system with prion diseases. A The expression patterns of glymphatic system-related proteins in
the whole brains of wild-type and ME7 scrapie-infected mice at 7 months post-injection were analyzed by western blotting. B The expression
levels of glymphatic system-related proteins were normalized to the HSP90 level. CTL: PBS-inoculated mice, n= 3; ME7: ME7 scrapie-
inoculated mice, n= 3. *P < 0.05; **P < 0.01; ***P < 0.001; N.S. not significant. C The expression patterns of glymphatic system-related proteins
in the frontal cortex of sporadic CJD patients and matched healthy controls were analyzed by western blotting. D The expression levels of
glymphatic system-related proteins were normalized to the β actin level. CTL: age-matched healthy control, n= 3; CJD: CJD patients, n= 3. *P
< 0.05; ***P < 0.001; N.S. not significant. E Experimental overview of the evaluation of the effects of glymphatic system-activated molecules in
prion-infected mice. F Evaluation of the protective effects of dexmedetomidine (Dex) on PrPSc accumulation and astrocytosis in the prion-
infected mice at 5 months post-injection by western blotting. G Evaluation of the protective effect of clonidine (Clo) on PrPSc accumulation
and astrocytosis in the prion-infected mice at 5 months post-injection by western blotting. H The incubation periods in the PBS-treated ME7
scrapie-inoculated mice (n= 4), dexmedetomidine-treated ME7 scrapie-inoculated mice (n= 5) and clonidine-treated ME7 scrapie-inoculated
mice (n= 5). **P < 0.01. The graph shows the percentage survival versus days after intraperitoneal (IP) inoculation
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clonidine-treated prion-infected mice showed dramatic clearance
of accumulated PrPSc (Supplementary Fig. 3A, B).
Although the drugs tested in this study did not completely cure

the prion disease, we identified the therapeutic potential of
glymphatic system-activated drugs in fatal neurodegenerative
diseases and prion diseases. Thus, we suggest that the develop-
ment of drugs to activate the glymphatic system is inevitable for
the treatment of several neurodegenerative diseases in the future.
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