
F1000 Research 2012, 1:52 Last updated: 20 NOV 2012

Page 1 of 4

Long double stranded RNA is present in scrapie infected 
cells and tissues

Yervand E Karapetyan

Department of Infectology, The Scripps Research Institute, Scripps Florida, 130 Scripps way, Jupiter, FL 33458, USA

Current address: Histopathology Laboratory, Oncological Dispensary, Tevosyan 9, Stepanakert, , Artsakh Republic

Correspondence to Yervand E Karapetyan: yervandkar@gmail.com

v1   First published:20 November 2012, 1:52	  (doi: 10.3410/f1000research.1-52.v1)

How to cite this article: Karapetyan YE (2012) Long double 
stranded RNA is present in scrapie infected cells and tissues  
[v1; ref status: awaiting peer review, htt ] p://f1000r.es/UeXFNo}}]
F1000 Research 1:52 

 
(doi: 10.3410/f1000research.1-52.v1)

© Usage Licensed by Creative Commons CC-BY 3.0

Introduction
Transmissible Spongiform Encephalopathies are rare neurode-
generative brain disorders in both humans (e.g. Creutzfeldt-
Jakob disease and Kuru) and animals (Scrapie in sheep, Bovine 
Spongiform Encephalopathy in cows and Chronic Wasting 
Disease in deer and elk), characterized by a long incubation 
period after initial infection. Once symptoms become apparent 
in humans, the disease progresses inevitably to death within 
weeks or months, and, to date, no treatment or early preclinical 
diagnostics are available. 

The nature of the infectious agent causing these disorders re-
mains unexplained. The most advertised, but not proven to 

date, prion protein-only theory simply states that the agent is 
nothing more than a misfolded host glycoprotein called prion 
protein1. How this single host protein “encodes” the numer-
ous agent strains that have distinct clinical and pathological 
features remains to be demonstrated by prion scientists. The in-
fectivity of recombinant prion protein misfolded in a test tube 
in a mixture with RNA and lipid and later injected into the 
animal brains  was  reported  a  few years ago  but  was  never 
reproduced independently in a laboratory free of contamina-
tion2. The statement that cell free replication of TSE infectivity 
in a test tube excludes the possibility of the agent being a virus3 
ignores the well known fact of human poliovirus replication in 
a cell free system4.
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On the other hand, virino and virus theories claim that host- 
independent nucleic acid is the genome of the infectious agent5. 
Virus theory states that the agent is a virus that has not been 
discovered yet6, while virino theory postulates that the agent is 
a chimera composed of a host-independent nucleic acid (the 
genome of the agent) and a host protein, probably the prion 
protein that protects the genome7. Obviously, nucleic acid-
containing theories explain the existence of many agent strains 
since nucleic acid sequences are the only molecules known to-
date that encode phenotypes of all living organisms including 
microbes, with the smallest among them being the nucleic acids 
of viroids and satellite RNAs of plant viruses (only few hundred 
non protein coding nucleotides)8. Despite decades of research 
efforts, no TSE-specific nucleic acid sequences have been found 
yet9, leading to the popular conclusion among many scientists 
that no such nucleic acid exists. 

While many different approaches were undertaken to hunt for 
the elusive viral or subviral nucleic acid, surprisingly, the sim-
plest and easiest of them was not employed. J2 monoclonal 
antibody recognizes double-stranded RNA (dsRNA) provided 
that the length of the helix is ≥ 40 bp10. Importantly, dsRNA-
recognition is independent of the sequence and nucleotide 
composition of the antigen. All naturally occurring dsRNA in-
vestigated up to now (40–50 species) as well as poly(I)•poly(C) 
and poly(A)•poly(U) have been recognized by J211. In a sys-
tematic study of different viruses, J2 detected dsRNA in cells 
infected with positive-strand RNA viruses, double-stranded 
RNA viruses and DNA viruses, but not negative-strand RNA 
viruses12. This shows that most viruses induce synthesis of long 
double stranded RNA (dsRNA) during their replication in 
cells that can be detected by J2. Therefore, the presence of long 
dsRNA would be an indication of viral infection in cells. J2 an-
tibody has not been used for testing of scrapie infected tissues 
and the first attempt is made in the present work. 

Methods/Results
Immunofluorescence
JFH1 Huh7 cells (human hepatoma cells harboring hepatitis 
C replicon) and Huh7.5 cells (human hepatoma cells free of 
replicon) were used as a positive (JFH1 Huh7) and negative 
(Huh7.5) control for dsRNA in immunofluorescence detec-
tion experiments (Fig. 1a) when probing PK1 cells (a clone of 
mouse neuroblastoma N2A cells) and RML (Rocky Mountain 
Laboratory strain of mouse scrapie) infected PK1 (RML/PK1) 
cells with J2 antibody (mouse monoclonal from Englsih and 
Scientific Consulting) (Fig. 1b). A secondary anti-mouse an-
tibody labeled with Alexa 488 fluorophore is used to visualize 
J2 binding sites. dsRNA was detected in the cytoplasm of both 
PK1 and RML/PK1 cells (Fig. 1b). The signal was abolished 
after RNase A (Invitrogen) treatment at 50 µg ⁄ml in 50mM 
NaCl as it is shown for PK1 cells in figure 1c. 

Immunoblotting
J2 antibody was also used for immunoblotting of dsRNA, as 
described previously13. Crude RNA extracts from JFH1 Huh7, 
Huh7.5, PK1 and PK1/RML cells were size separated using 
non-denaturing TBE-polyacrylamide gel, transferred to posi-
tively charged Nylon membrane and immunoblotted with J2. 
Secondary anti-mouse antibody linked to HRP (horseradish 
peroxidase) and a substrate for it was used for visualization of 
the blots. Results showed the presence of replication interme-
diate-RI (upper part of the gel slot, black arrow) and replicative 
form-RF (seen as a strong band bellow RI, dark blue arrow) in 
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Figure 1 dsRNA is detected with J2 antibody via indirect 
immunofluorescence. A secondary anti-mouse antibody labeled 
with Alexa 488 fluorophore is used to visualize J2 binding sites. (a). 
In contrast to the absence of green signal in Huh7.5 cells, JFH1 
Huh7 cells show punctuate staining in some of them which harbor 
hepatitis C replicon. (b). dsRNA is detected in both scrapie free 
PK1 cells and RML scrapie infected RML/PK1 cells. (c). dsRNA 
disappears from PK1 cells after treatment with RNase A at low 
salt conditions where it destroys both single stranded and double 
stranded RNA. 
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JFH1 Huh7 that were both absent in Huh7.5 (Fig 2). In PK1 
and RML/PK1 in addition to dsRNA in the upper part of the 
gel slots several bands were seen including a duplet with a mo-
lecular weight much lower than that of RF of HCV replicon 
(Fig 2).

Discussion
Data presented here shows dsRNA is detectable by J2 antibody 
using immunofluorescence in scrapie susceptible and scrapie  

Figure 2 Huh7.5 cells were used as a negative control and JFH1 
Huh7 cells as a positive control for dsRNA. Two bands of dsRNA 
were detected in JFH1 Huh7 (RI and RF shown by black and dark 
blue arrows). In PK1 and PK1/RML cells several bands of dsRNA are 
detected including top ones in the gel slots corresponding to long 
dsRNA that did not enter the gel. A much lower duplet band could 
be seen in both specimens. In addition there are several bands in 
between the duplet and the upper most band.

Immunohistochemistry (IHC)
J2 antibody was recently used for successful detection of vi-
ral dsRNA in formalin-fixed paraffin-embedded tissues14. Here 
an attempt was made to detect dsRNA in 22L scrapie infected 
mouse brains fixed in Carnoy’s solution and embedded in par-
affin. Proteinase K treatment was used as described15, followed 
by inhibition in glycine (2mg/ml in nanopure water) and short 
post-fixation in formalin to expose dsRNA for detection. IHC 
detection of dsRNA in brains using J2 was done with a second-
ary system described in ref. 6. Uninfected C57Bl/6 mice brains 
were used as control and brains of terminally sick C57Bl/6 
mice infected with 22L strain of mouse scrapie were used for 
the experiment. As a result, dsRNA was detected in scrapie-
infected brain predominantly in the cytoplasm of large neurons 
in the cortex (Fig. 3a) and brainstem (Fig. 3b). Nuclear stain-
ing was also detected in some neurons of the infected brain. In 
uninfected brain, nuclear staining of some Purkinje cells was 
detected in the cerebellum (Fig. 3c). Otherwise the staining in 
the control brain was largely absent. 
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Figure 3 IHC detection of dsRNA in brains using J2 was done 
with a secondary system described in ref. 5. Uninfected C57Bl/6 
mice brains were used as control and brains of terminally sick 
mice infected with 22L strain of mouse scrapie were used for the 
experiment. (a). Mostly cytoplasmic and some nuclear staining can 
be seen in cortical neurons of infected brain. While staining is absent 
in uninfected control brain. (b). Similar staining pattern is observed in 
brainstem especially in large neurons. And again staining is absent 
in parallel uninfected control sections. (c). Some nuclei of Purkinje 
cells are stained in the cerebellum of both uninfected control and 
22L infected brain.
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infected tissue culture cells. In contrast, it seems that only scrapie 
infected brain has dsRNA in the cytoplasm of some neurons. Im-
munoblotting shows long as well as short dsRNA bands in scrapie 
susceptible and scrapie infected tissue culture cells (Fig. 2). Long 
dsRNA is not present in uninfected mammalian cells and can 
only be present as a result of viral infection. Therefore long 
dsRNA presence in scrapie susceptible as well as scrapie infect-
ed cells is a strong indication of viral infection of these cells. 
Shorter dsRNA bands also detected in these cells might point 
to the presence of subviral nucleic acids16. These data provide an 
experimental basis for speculation that scrapie agent could be a 
satellite nucleic acid of a silent and persistent virus that infects 
susceptible host cells. A virusoid (satellite RNA) in order to rep-
licate would need a helper virus to be in every species and cell 
that is susceptible to infection. Gajdusek proposed such scenar-
io four decades ago: “These viruses could be associated or satel-
lite viruses which serve to activate or are themselves activated by 
some helper virus latent in the susceptible host 17.

In analogy to plant satellite RNAs18, scrapie agents’ nucleic acid 
can function via RNAi to silence host neuronal survival genes 
(e.g. bcl-2 anti-apoptotic group genes) and cause lethal disease 
due to its homology with host gene sequences. 

Conclusion
For the first time experimental evidence is provided for the 
presence of long dsRNAs in scrapie infected cells and tissues. 
This is the strongest argument presented so far for the existence 
of a virus in scrapie infected cells and tissues. These molecules 
deserve sequencing and characterization of their relationship to 
scrapie agent and disease.
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