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Abstract: Sporadic Creutzfeldt-Jakob disease (sCJD) is characterized by great phenotypic variability regarding clini-
cal course and neuropathology. The most prominent disease modifiers are a polymorphism in Codon 129 of the
prion protein gene and conformational variations of the misfolded prion protein. The cellular form of the prion
protein restricts replication of viruses and may be involved in viral host defense, and viral infections influence the
presentation and neuropathology in prion diseased mice. We investigated the occurrence of reactivated persistent
viral infections of the brain in brain tissue samples of 25 sCJD patients. No evidence of reactivated JCV and CMV in-
fections could be detected. This suggests that JCV and CMV infections are not reactivated as consequence of prion

disease and do not act as disease modifiers in sCJD.
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Introduction

Transmissible spongiform encephalopathies
(TSE) are fatal neurodegenerative diseases
occurring as inherited, acquired and sporadic
traits [1]. The deposition of PrPs, a misfolded
form of the cellular prion protein (PrP¢), spongi-
osis as well as astrocytosis and microgliosis
are important neuropathological characteris-
tics [2]. With an incidence of 1 to 2 cases per
million per year, sporadic Creutzfeldt-Jakob dis-
ease (sCJD) is the most common TSE in humans
[3, 4]. Comprising symptoms such as rapidly
progressive dementia, cerebellar ataxia, myo-
clonic seizures, visual disorders and akinetic
mutism, the clinical picture of sCJD is inconsis-
tent [1]. A polymorphism of Codon 129 of the
prion protein gene (PRNP) and the predominant
molecular subtype of PrPS¢ are important dis-
ease modifiers [5, 6]. The molecular subtypes
vary considerably regarding their median age of
onset (47.2 to 67.8 years) and the median dura-
tion of disease (4 to 13 months) [7].

PrP¢ holds neuroprotective functions, addition-
ally it restricts replication of viruses and may be

involved in viral host defense pathways [8, 9].
The conversion of PrP¢to PrPS¢ may lead to loss
of protective functions [10, 11]. In prion dis-
eased mice, persistent retroviral infection influ-
ences the symptomatology as well as the neu-
ropathological signature [8, 9, 12]. Thus it is
conceivable that prion disease may lead to
reactivation of persistent viral infections of the
brain and these may influence neuropathology
and thus clinical presentation of the disease.
On the other hand, a role of viral elements in
the development of sCJD has been suggested
[13].

In humans, common persistent viruses of the
brain include JC virus (JCV) and Cytomegalovirus
(CMV) [14, 15] . Both are double stranded DNA-
viruses with lifelong latency; seroprevalence
rates range from 66-92% for JCV and 40-100%
for CMV [16, 17]. In both instances immunode-
ficiency or immunomodulatory treatment may
lead to reactivation [14, 15, 18]. In the case of
JCV, reactivation leads to progressive multifocal
leukoencephalopathy (PML) affecting mainly
the white matter but also neurons, whereas for
CMYV, reactivation leads to encephalopathy [14,
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Table 1. Demographic and neuropathological data on studied sCJD patients

Gliosis

Age Sex Dis.Dur. PRNP Astrocytosis Microgliosis Spongiosis . Predominant Pre type SCJP Histo

Temp. Cerb. Temp. Cerb. Temp. Cerb. Temp. Cerb. ype
70 m 2.0 n.a. ++ +++ ++ +++ + ++ - Syn. n.a.
42 f 4.0 n.a. + ++ ++ + - ++  Intran. Syn. n.a.
58 f 25.2 MV ++ ++ + ++ 4t - Perin. Syn. Mv2C
48 m 25.0 n.a. ++ ++ ++ ++ - - Syn. Syn. n.a.
68 f 6.7 MM +++ ++ +++ +++ ++ + Syn. Syn. MM1
87 f 4.4 MM +++ ++ +++ +++ +++  ++  Perivac Syn. MM1
66 f 10.0 n.a. ++ ++ +++  +++ e+ +  Perivac Syn. n.a.
66 f 2.9 MM ++ ++ +++ + + Punct. Syn. MM1
55 f 19.9 MV +++ +++ ++ +++ +++  +++ Syn. Plaque MV2K
62 m 5.0 na. +++ +++  +++ +++ + ++  Intran. Syn. n.a.
71 f 2.6 MM ++ ++ ++ +++ + + Intran. - MM1
58 f 4.9 MM +++ +++ + +++ 4+ Syn. Syn. MM1
77 f 6.9 W +++ ++ ++ ++ ++ - Syn. - Wi
68 m 2.6 MV +++ ++ ++ ++ +++ +  Perivac Syn. Mv1
71 m 2.6 MV + ++ ++ ++ + ++  Intran. Syn. Mv1
53 f 5.3 MM +++ +++ + ++ ++ ++ Syn. Syn. MM1
65 m 6.0 na. +++ ++ +++ ++ + - Punct. n.a.
61 f 6.8 MM ++ +++ +++ ++ + ++ Intran. Syn. MM1
78 f 4.0 n.a. ++ ++ ++ ++ + + - Syn. n.a.
74 m 9.6 MV +++ ++ ++ +++ Perivac Plaque MV2K
80 m 1.4 MM ++ ++ ++ ++ + ++  Intran. Syn. MM1
62 m 4.4 na. +++ +++  +++ ++ + - Plaque n.a.
74 f 11.7 MM +++ +++ + + ++ ++ Syn. - MM1
84 m 5.8 na. +++ +++  +++ +++ ++ ++ - Syn. n.a.
61 f 8.0 n.a. ++ +++ ++ + + ++ Syn. Syn. n.a.

Age of death: 66.36 + 10.85; f = 60%, m = 40%; MM = 60%, MV = 33.3%, VV = 6.6%; Disease duration: 7.508 + 6.55.f =
female, m = male, M = methionine, V = valine, n.a. = not available. Dis = disease duration (months). Deposition pattern: Syn.
= synaptic, perivac. = perivacuolar, intran. = intraneuronal, perin. = perineuronal, punct. = punctuate.

15, 18, 19]. Detection of JCV and CMV capsid
proteins using immunohistochemistry are sen-
sitive and specific markers for viral reactivation
[20, 21].

In this paper, we investigated if reactivated per-
sistent viral infections of the brain occur in
sCJD and if this influences the neuropathologic
signature of sCJD. For that purpose, we charac-
terized a cohort of 25 sCJD patients with
respect to neuropathological presentation and
presence of JCV and CMV capsid proteins using
histochemical techniques and immunohisto-
chemistry.

Materials and methods
Material

Brain tissue samples used in this project were
obtained from 25 patients who died from spo-
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radic Creutzfeldt-Jakob-disease between 1994
and 2013. The use of specimens is in agree-
ment with the regulations and ethical stan-
dards at the contributing hospitals and written
consent by patients or relatives was obtained
where necessary. Samples of temporal cortex
and cerebellum were taken during postmortem
examinations. After formalin fixation and pre-
treatment with 100% formic acid for 60 min-
utes, samples were post-fixed in formalin and
paraffin-embedded. Two micrometer sections
were used for histological and immunohisto-
chemical staining.

Genotyping

The identification of PRNP Codon-129-
polymorphism was performed as published by
PRNP amplification via polymerase chain reac-
tion and DNA sequencing [22].
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Figure 1. Example of neuropathological findings of a sCJD patient (58y, f,
MM1) included in the studied cohort. Temporal cortex and cerebellum show
confluent vacuoles mainly in the cortex (HE) in addition to prominent astro-
gliosis (GFAP) and focal microglial activation (IBA1). PrP deposits are pro-
nounced and mainly synaptic (PrP). Scale bar is 20 um.

Histological staining and immunohistochem-
istry

Specimen were stained with hematoxilin and
eosin (H&E) using routine protocols. Two
micrometer sections were submitted to immu-
nohistochemical staining on an automated
Ventana HX system (Ventana-Roche Medical
systems, Tucson, AZ, USA) following the manu-
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facturer’s instructions. For
PrPsc staining, pre-treatment
was 5 minutes 99% formic
acid and 100°C for 20 min-
utes in an autoclave (Fedegari
Autoclavi, Albuzzano, Italy).
The secondary antibodies lin-
ked to peroxidase were detec-
ted by diaminobenzidine as
chromogen (Ultraview Univer-
sal DAB Detection Kit, Venta-
na Roche). The primary anti-
bodies used were anti-GFAP
(DAKO, Glostrup, Denmark, M-
761, 1:200), anti-IBA1 (Wako,
Neuss, Germany, 019-19741,
1:2000), anti-PrP (DAKO, M-
7216, 1:50), anti-SV40 (used
for detecting JCV, Ventana,
760-4449, ready to use) and
anti-CMV (DAKO, MO0757, 1:
100). Brain tissue samples of
patients with PML or CMV-
encephalitis served as posi-
tive controls for the latter two
antibodies.

Evaluation

The degree of spongiosis,
astrocytosis and microglial
activation were evaluated se-
mi-quantitatively in at least 2
cm? of cortex (temporal) or
foliae (cerebellum) using a
four-tiered scale (0O = absent,
1 = slight, 2 = moderate, 3 =
extensive) as published [23].
The predominant PrPS¢ depo-
sition patterns were deter-
mined as suggested [24].
Positively stained nuclei (SV-
40, CMV) were assessed in a
representative area of at least
2 cm? using a 40x objective as
published [23].

Results

Demographical and neuropathological profile
of sCJD patients

With 60% of female patients, an average age of
death of 66.4 years, an average disease dura-
tion of 7.51 months and the observed frequen-
cy of PRNP genotypes (60% MM 33.3% MV,
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Figure 2. Examples of immunohistochemical assays detecting JCV and CMV capsid proteins. Shown is temporal
cortex of sCJD patients, indicated is age and gender. No positively stained nuclei could be detected in brains of sCJD
patients (cerebellum is not shown) whereas in brain tissue of control patients (PML or CMV-encephalitis) positively

stained nuclei can be detected (arrows). Scale bar is 20 pm.

6.6% VV; M = methionine, V = valine), this col-
lective can be considered as representative for
sCJD patients (Table 1) [25]. Although we did
not have cryomaterial available for biochemical
analyses we followed newly defined algorithms
to determine the six major phenotypic subtypes
found in sCJD by neuropathological determina-
tion of sCJD histotypes taking PRNP Codon 129
genotypes into consideration [26]. Analysis
included determination of spongiosis in addi-
tion to scoring of astro- and microgliosis and
the determination of the predominant type of
PrPSc-deposition in cortical areas (temporal cor-
tex) and the cerebellum (Figure 1). All of the
common sCJD histotypes could be detected
with expected frequencies and MM1 and MV1
being the most common subtypes (Table 1;
Figure 1) [7, 25].

No evidence for reactivation of JCV or CMV in
sCJD

In order to assess if reactivation of JCV or CMV
occurs as a consequence of prion disease we
assessed JCV or CMV reactivation using mor-
phological criteria on cerebral cortex and cere-
bellum stained with routine histochemical
staining (HE), and immunohistochemistry for
the astroglial marker GFAP and the microglial
marker IBA1. We did not find any demyelinative
foci, enlarged nuclei of oligodendrocytes, intra-
nuclear or intracytoplasmatic inclusions indica-
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tive for JCV or CMV reactivation (Figure 2).
Furthermore, presence of JCV and CMV capsid
proteins was assessed by performing immuno-
histochemistry on cerebral cortex and the cer-
ebellum [20, 21]. As controls we used brain tis-
sue samples of patients with PML or
CMV-encephalitis. We could not identify any
positively stained nuclei indicate of JCV or CMV
reactivation (Figure 2).

Discussion

In this study we investigated if reactivated per-
sistent viral infection of the brain occur in sCJD
and if this influences the neuropathologic sig-
nature of sCJD. For that purpose, we character-
ized a cohort of 25 sCJD patients with respect
to neuropathological presentation and pres-
ence of JCV and CMV capsid proteins using his-
tochemical technigues and immunohistoche-
mistry.

Our cohort can be considered representative
for sCJD since we identified all of the common
sCJD histotypes with expected frequencies [7,
25]. Since we did not have cryomaterial avail-
able for biochemical analyses, determination of
sCJD subtypes was performed according to
newly defined algorithms based on the assess-
ment of key neuropathological findings in a lim-
ited amount of brain regions [26]. Parchi et al.
studied cortical regions, thalamus, and cere-
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bellum, whereas we studied cortical regions,
and cerebellum, nevertheless we believe that
our determination of sCJD histotypes was ade-
quately sensitive and specific [26]. Thus our
study further underscores the possibility to use
histopathological analyses to determine sCJD
subtypes in patients where molecular analyses
are not feasible [5, 26, 27].

We did not detect cerebral reactivation of JCV
or CMV by morphological methods including
sensitive and specific immunohistochemical
assays [20, 21]. Our data stand in contrast to
data from murine studies indicating that PrP°
controls replication of viruses, and viral infec-
tion influences symptomatology and neuro-
pathological signature of prion diseases [8, 9,
12]. This may be due to the limitations of our
study. We only examined two brain regions and
since viral reactivation can be focal it may have
been missed by us. On the other hand, our
results are consistent with the findings of Jeong
et al. who did not find an association between
the development of sCJD and infection with BK
virus, polyomavirus family member [28].
Furthermore we only assessed viral reactiva-
tion for two common persistent viral infections
of the human CNS using one specific antibody
per virus, whereas reactivation of other persis-
tent viral infections of the human CNS such as
Epstein-Barr virus, Varicella-Zoster virus or
Herpes Simplex virus 1 and 2 remained unre-
garded in this study [29].

In conclusion, we investigated reactivation of
persistent JCV and CMV infections of the brain
in brain sCJD patients. No evidence of viral
reactivation could be found. Our data indicate
sCJD does not lead to reactivation of JCV and
CMV and neither JCV nor CMV act as disease
modifiers in sCJD.
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