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Abstract 
 

Huntington’s disease (HD) and Spinocerebellar ataxia (SCA) are incurable neurodegenerative diseases that 

affect the central nervous system. Amyloids, highly organized protein aggregates, are a hallmark for many 

neurodegenerative diseases. The presence and accumulation of amyloids are toxic and constitute the major 

cause of neuron cell death. Both genetic and environmental factors contribute to the onset and progression 

of these diseases. However, despite intensive research, the underlying cause remains unclear. The role of viral 

infection as an environmental factor in the context of neurodegenerative diseases has not received much 

attention. The purpose of this study is to investigate the effects of Herpes Simplex Virus 1 (HSV-1) infection on 

nuclear amyloid aggregation in model cell lines of HD and SCA. The research process consists mainly of 

laboratory work which involved the use of several molecular techniques used in the field of biotechnology. 

The work comprises cultivating cells, infecting cells with HSV-1, Fluorescence microscopy, Western Blot and 

isolation and detection of amyloids. Western Blot is used for the analysis of specific proteins associated with 

protein aggregation in HD and SCA. The techniques used for detecting amyloids are Dot Blot and Antibody-

staining of amyloids in cells. The results from Western Blot showed that aggregates changed in the presence 

of the virus. This pattern is observed for both HD and SCA1 cell lines. A big effort is done in this study to 

optimize Dot Blot as it is method that could be applied in every lab. Normalization of samples proved to be 

the most challenging part with Dot Blot. No definitive conclusions can be drawn from the Dot Blot results as 

reproducibility and sensitivity were lacking. This work addresses some of the difficulties encountered when 

working with detection of amyloids especially Dot Blot. Antibody-staining of amyloids showed that amyloids 

were formed in the presence of virus in comparison to non-infected.  To conclude, aggregates changed, and 

amyloids were formed in the presence of virus. These results point to the fact that HSV-1 infection could be 

involved in the process of nuclear amyloid aggregation. The data presented in this thesis will need further 

investigation and characterization to identify the precise role of viral-induced amyloid formation in HD and 

SCA patient cells.     
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Sammanfattning 
 

Huntingtons sjukdom (HD) och Spinocerebellära ataxier (SCA) är obotliga neurodegenerativa sjukdomar som 

påverkar det centrala nervsystemet. Amyloid, proteinaggregat som har en viss konformation är ett 

kännemärke för många neurodegenerativa sjukdomar. Ackumulering av dessa amyloider är toxiskt och är den 

främsta orsaken till att nervceller dör. Både genetiska faktorer och miljöfaktorer bidrar till uppkomsten och 

progressionen av dessa sjukdomar. Trots intensiv forskning är den bakomliggande orsaken emellertid 

fortfarande oklar. Virusinfektion som en potentiell miljöfaktor har i detta sammanhang inte fått mycket 

uppmärksamhet. Syftet med denna studie är att undersöka effekterna av Herpes Simplex Virus 1 (HSV-1) 

infektion på amyloid aggregering i modellcellinjer av HD och SCA. Forskningsarbetet bestod i huvudsakligen 

av experimentellt arbete med hjälp av flera molekylära tekniker inom bioteknikområdet som cell odling, 

infektering av celler med HSV-1, fluorescensmikroskopi, Western Blot och isolering och detektion av 

amyloider. Western Blot användes for att analysera specifika proteiner associerade med protein aggregering 

i HD och SCA. Amyloider detekterades med Dot Blot och med antikroppar specifika för amyloider. Resultat 

från Western Blot visade att amyloiderna förändras i virusinfekterade celler. Detta mönster observerades i 

både HD and SCA1 cellinjer.  En stor bemöda görs i denna studie för att optimera Dot Blot eftersom det är en 

metod som kan användas i alla laboratorier. Normalisering visade sig vara det svåraste med detektion av 

amyloider. Inga definitiva slutsatser kan dras från dessa experiment, eftersom reproducerbarhet och 

känslighet var bristande. Detta arbete tar upp några av de svårigheter som uppstod vid arbetande med 

detektion av amyloider speciellt Dot Blot. Detektion av amyloider med antikropp visade att amyloider bildades 

till stor utsträckning i infekterade cellinjer i jämförelse med icke-infekterade. Sammanfattningsvis, amyloider 

förändrades och amyloider bildades i närvaro av virus. Dessa resultat indikerar på att HSV-1 infektion skulle 

kunna vara involverad i processen av amyloid aggregering. De presenterade uppgifter i detta examensarbete 

är preliminära och behöver följas upp med ytterligare studier för att identifiera virusens exakta roll i amyloid 

bildning i HD och SCA patient celler.    
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1. Introduction 
 

Neurodegenerative diseases are a range of conditions that affect the central nervous system (CNS). As the 

lifespan increases worldwide, the incidence of neurodegenerative diseases is projected to increase in the 

coming decades. Huntington’s disease (HD) and spinocerebellar ataxia (SCA) are two incurable 

neurodegenerative diseases that are genetically inherited and are caused by trinucleotide (CAG)n repeat 

expansion within a specific locus. The expansion of CAG elements results in a mutated gene which when 

expressed produce misfolded proteins that are prone to aggregate. Neurodegenerative diseases like HD and 

SCA are characterized by the progressive loss of structure and function of neurons in the brain. Even though 

different regions of the brain are affected, the cause of death of neurons is the same, that is, the presence and 

accumulation of specific intracellular protein aggregates [1]. In fact, aberrant protein aggregation into highly 

organized protein amyloids is a hallmark for many neurodegenerative diseases. Both genetic and 

environmental factors contribute to the onset and progression of these diseases. However, despite intensive 

research, the underlying causes of most neurodegenerative diseases remain unclear.  

The role of viral infections as an environmental factor in the context of neurodegenerative diseases has not 

received much attention. Viruses are common pathogens that infect billions of people every year.  Some 

studies support the theory that virus could be involved in the pathogenesis and progression of 

neurodegenerative diseases [2]. Finding the DNA of the Herpes Simplex Virus 1 (HSV-1) in amyloid plaques in 

the brain of Alzheimer’s patients is one reason for the support of this theory. Also, researchers at Karolinska 

Institute have obtained data that shows that virus such as the Respiratory Syncytial Virus (RSV) and HSV-1 can 

induce extracellular amyloid aggregation [3]. These findings raise the question whether virus can induce 

amyloid aggregation intracellularly as well. From a scientific point of view, this is an important question that 

needs to be further investigated in order to understand the underlying cause of neurodegenerative diseases.  

The purpose of this study was to investigate the effects of HSV-1 infection on nuclear amyloid aggregation in 

model cell lines of HD and SCA. The working hypothesis was that virus infection accelerated the process of 

amyloid aggregation. Hence, the expected outcome was to detect more amyloid aggregates in the virus 

infected group in comparison to the non-infected group. The techniques available for detecting amyloids 

include: Isolation of amyloids by filter retardation assays (Dot Blot), amyloid staining by specific dyes or 

antibodies, and Western Blot. Two of these techniques were used in this study for the analysis of amyloids. A 

big effort was done to optimize Dot Blot as it is a method that could be applied in every lab. However, it is well 

known that detecting amyloid aggregates is a very difficult and challenging task. This work addresses some of 

the difficulties encountered when working with Dot Blot. Less prioritized but interesting was the investigation 

of the effects of a treatment on HD viral-infected cells. The objective was to test the treatment for its ability 

to interfere with the pathogenic aggregation process in the presence of virus.    
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1.1   Neurodegenerative diseases: Huntington’s disease and Spinocerebellar ataxia 
  

Neurodegenerative diseases are a group of conditions that are characterized by the progressive loss of 

neurons in the brain and/or the spinal cord. Neurodegenerative diseases are distinguished from one another 

by the affected region where the loss of neurons occurs [4]. As different regions of the brain are affected; the 

clinical manifestation of neurodegenerative diseases varies considerably. For instance, in HD the affected 

region is the basal ganglia, and this affects primarily neuronal networks that link the striatum and the cerebral 

cortex [5]. Affected persons suffer from mobility and balance abnormalities, psychological and cognitive 

impairments [6]. In SCA, the affected region is the cerebellum which slowly deteriorates, but other parts of 

the nervous systems can also be affected like for instance the brainstem and the spinal cord [7]. Consequently, 

leading to deprived coordination of hands, speech, eye movements and uncoordinated walk [8]. The global 

population prevalence of HD has been reported to vary a lot between ethnicities and geographical locations 

[9, 10].  The greatest frequencies of HD are found among Europeans. A recent study estimates the prevalence 

of HD in Europe (Finland not included) to be approximately 10 per 100,000 [11]. The prevalence of SCA has 

been estimated to be around 1-5 per 100,000 [10].  

HD and some types of SCAs are inherited neurodegenerative diseases that are caused by a mutation that 

introduces trinucleotide repeats (CAG)n within a specific locus. Huntington’ disease is caused by a mutation in 

the Huntingtin (Htt) gene which encodes for the protein huntingtin. The exact function of the protein 

huntingtin is not known but its extensive distribution in the brain could indicate that it is important for the 

function of neurons [12]. In HD patients, the mutated gene has often more than 40 CAG repeats. The age of 

onset is correlated to the length of the CAG repeats. The longer expansions, the earlier onset of signs and 

symptoms [1].  

Spinocerebellar ataxia is a heterogenous group that consists of more than 35 distinct types of SCAs. 

Spinocerebellar ataxia 1 and 3 are the most common subtypes of SCAs that are caused by trinucleotide (CAG)n 

repeat expansion [13]. Both conditions are the result of a mutation in the ATXN1 and ATXN3 gene respectively. 

The genes encode for the proteins ataxin-1 and ataxin-3, respectively. The function of ataxin-1 is unknown but 

the protein can be found almost everywhere in the body which may indicate a vital cell function [14]. The 

function of ataxin-3 is as a deubiquitinating enzyme and plays a significant role in the recycling of ubiquitin in 

the degradation process of damaged proteins/regulation of proteins [15]. In SCA1, the mutated ATXN1 gene 

encodes for a mutant ataxin-1 protein with 39-82 CAG repeats. In SCA3, the mutated ATXN3 gene encodes a 

mutant ataxin-3 protein with 52-86 CAG repeats [16].  
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1.2  Protein aggregation, amyloids, and methods for detection of amyloids  
 

The introduction of unstable trinucleotide repeats into genes such as the Htt, ATXN1 and ATXN3 genes, affects 

the length of the protein, resulting in a misfolded protein that is prone to self-assemble to form insoluble high 

molecular weight protein aggregates [17]. Amyloids are highly organized β-sheet-rich protein aggregates, 

which have unique characteristics that many other proteins don’t, like for instance, the ability to be stable in 

Sodium Dodecyl Sulfate (SDS) in room temperature [18]. This property is also used for identification of 

amyloids. The accumulation of amyloids in the cells is toxic and lead to neuron cell death. That’s why amyloids 

are hallmarks of many neurodegenerative diseases.  

Amyloids can be detected by different methods e.g. labeling methods, isolation of amyloids by filter 

retardation assay (Dot Blot) and Western Blot [19, 18]. Labeling methods, for example, are based on the 

staining of amyloids with specific dyes such as Thioflavin or with amyloid-specific antibodies i.e. mouse 

monoclonal IgM antibody WO1 or human IgG1 monoclonal antibody aducanumab which are conformation 

specific antibodies that targets amyloids fibrils [20, 21]. For labeling methods, the cells must be fixed, 

permeabilized and visualized under fluorescence microscope. Isolation of amyloids by filter retardation assay 

or Dot Blot is a technique used to capture the amyloid aggregates for further characterization. It is a cheap 

and easy procedure but requires the isolation of cell pellet which can be troublesome. Additionally, amyloids 

can be analyzed with Western Blot as well using special gels that have a pore size large enough to allow the 

amyloids to enter the gel [18]. In general detecting amyloids is quite challenging due to their high stability, 

varying size and shape, lack of solubility and the ability of their building blocks to tightly interact with each 

other [22].  

 

1.3 Environmental factor: Herpes simplex virus-1 infection  
 

Both genetic and environmental factors contribute to the onset and progression of neurodegenerative 

diseases. Although intensive research, the underlying causes of most neurodegenerative diseases remain 

uncertain. The role of viral infections as an environmental factor in the context of neurodegenerative diseases 

has not received much attention. Virus, in particular, the HSV-1 is a highly contagious pathogen that can enter 

the CNS, infect nerve cells and establish life-long latency in humans and animals [23]. The HSV-1 targets 

primarily the epithelial cells of the oral and nasal mucosa [24]. Under conditions such as stress, 

immunosuppression, and peripheral infection, the virus can reactivate and cause serious disease within the 

nervous system [25]. In the context of neurodegenerative diseases, there are theories suggesting that HSV-1 

could be involved in the process of amyloid aggregation. The reason for that is the DNA of HSV-1 being found 

in amyloid plaques in the brain of Alzheimer disease patients. Up to 90% of the plaques found in aged brains 

contained the HSV-1 DNA [26]. Furthermore, researchers at KI have showed that HSV-1 can induce amyloid 

aggregation extracellularly [3]. The results from these studies encourage further investigation of the role of 

virus in neurodegenerative diseases.  
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1.4  Treatment for HD  
 

One major advancement for neurodegenerative diseases the last decades have been the development of 

oligonucleotide therapies which uses synthetic DNA so-called oligonucleotides. The treatment consists of 

short sequence of oligonucleotides that are designed to indirectly interfere with amyloid formation by 

downregulating the gene product. This can be achieved either by blocking the transcription or the translation 

of the target gene also known as antisense or antigene strategy [27]. In the antisense approach the 

oligonucleotides are designed to target the mRNA while in the antigene approach the oligonucleotides bind 

to a specific sequence of DNA which blocks the transcription of the target gene [28]. Many groups have focused 

on antisense oligonucleotides for the downregulation of the mutant huntingtin protein. Researchers at KI have 

successfully developed oligonucleotides that target the HTT trinucleotide repeat region in the gene to 

downregulate both the mRNA and protein levels [29]. The effect of HD treatment in the presence of virus has 

not been investigated. If virus infection induces amyloid formation or protein aggregation it would be of 

interest to know how this affects the treatment.   

 

1.5  Studying the effects of HSV-1 in HD and SCA  
 

Several techniques used in the field of biotechnology could be useful for the investigation of the effects of 

HSV-1 on nuclear amyloid aggregation in HD and SCA. For instance, Western Blot to analyze the proteins in 

either the supernatant or the entire cell lysate. Dot Blot and cell staining for the detection of amyloids. 

Fluorescence microscopy to see how the cells are growing and to determine whether cells have been 

successfully infected. In addition, fluorescence microscopy could be used to visualize the amyloids from a cell 

staining procedure. The experimental setup and all the techniques that have been used in the frame of this 

study are presented as a workflow. See FIGURE 1.   
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2. Materials and Methods 

2.1  Workflow  
A.  

 

B. 

 

FIGURE 1. The workflow for the study. A. Illustrates the experimental setup for the investigation of HSV-1 infection on nuclear amyloid aggregation in cell lines of HD and SCA. B. The 

experimental setup for the investigation of the effect of treatment in HSV-1 infected HD cell line. Fluorescence microscopy, Dot Blot and Western Blot were techniques used for the analysis.  
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2.2 Cell cultivation and viral infection  
 

Virus stock  

The HSV-1 strain F stock was obtained through a collaboration with Huddinge University Hospital. African 

green monkey kidney (VERO) cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) with low 

glucose, pyruvate and L-glutamine supplemented with 5 % Fetal Bovine Serum (FBS). The cells were infected 

and incubated at 37°C and two days after, the virus was harvested. The cells were subjected to two freeze-

thaw cycles and the cell debris was removed by centrifugation at 20,000 g for 10 min.  The viral concentration 

of the HSV-1 strain F stock was determined with Plaque assay. Ten-fold serial dilutions of the virus were 

prepared and added onto a monolayer of VERO cells which were incubated for 1 h at 37°C. Then, the media 

was removed and fresh media containing 0.5% carboxymethyl cellulose was added. Two days later, the cells 

were fixed and stained with 0.1% crystal violet solution and the number of plaques was counted. The 

concentration of the virus stock used for all the experiments was 2×107 PFU/ml.  

 

Fibroblast cell lines  

The fibroblast cell lines GM06153 (SCA3), GM06927 (SCA1), GM04281 (HD) and GM08402 (WT) were obtained 

from the Coriell Institute for medical research and were cultured in DMEM with low glucose, pyruvate and L-

glutamine supplemented with 15% FBS. The cells were incubated and maintained at 37°C, 5% CO2. For more 

information about the cell lines used in this study See TABLE 1.  

 

TABLE 1. The cell lines used in the study and their number of trinucleotide repeats. This information is publicly available at the Coriell 

Institute of Medical Research website (https://www.coriell.org/).  

CONDITION CELL LINE  NO. OF CAG REPEATS  GENE/PROTEIN  

SCA3  GM06153 Allele 1 has 23 CAG repeats  
Allele 2 has 71 CAG repeats (Mutant) 

ATXN3/Ataxin-3  

SCA1 GM06927 Allele 1 with 29 CAG repeats  
Allele 2 with 52 CAG repeats (Mutant) 

ATXN1/Ataxin-1 

HD GM04281 Allele 1 with 17 CAG repeats  
Allele 2 with 68 CAG repeats (Mutant)  

HTT/Huntingtin 

CONTROL GM08402    

 

 

Virus infection   

Fibroblasts were seeded in 6-well plates at a density of 120,000 cells per well one day before infection. The 

cells were infected with HSV-1 strain F either at a Multiplicity of Infection (MOI) of 10 and incubated for 4 days 

or at MOI of 8 and incubated for 3 days. One day post-infection, the medium was removed, fresh media was 

added, and cells were visualized with microscopy to confirm that the cells have been infected.  

 

 

https://www.coriell.org/
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2.3  Isolation of supernatant and cell pellet  
 

Three to four days post-infection (depending on particular experimental setup) the cells were lysed, and the 

supernatant and the cell pellet were isolated. Two different protocols were used for that purpose. The 

protocols differed mainly in the way the cells were detached from the plate, and the buffers used for lysing.   

The following procedure was performed to isolate the supernatant and cell pellet. Cells were detached from 

the surface of the wells either by physically scraping the cells or by Trypsin. The cells were then transferred to 

Eppendorf tubes and centrifuged at 1000 RPM/RCF for 5 min. After removing the supernatant, the cells were 

lysed with either 150 µL Lysis buffer (1 tablet Protease inhibitor cocktail dissolved in 10 mL RIPA buffer (150 

mM NaCl, 1.0% IGEPAL® CA-630, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris, pH 8.0), 100x CIP (Calf 

intestinal alkaline phosphatase) and 0.1 M PMSF (Phenylmethyl sulfonyl fluoride) in a ratio of 100:1:1) or RIPA 

buffer (1 tablet Protease inhibitor cocktail dissolved in 10 mL RIPA buffer). The samples were kept on ice for 

20-30 min and were then centrifuged at 13910 RPM/RCF for 10 min at 4°C. The supernatant was transferred 

to fresh Eppendorf tubes for Western Blot analysis and the cell pellet was stored at -20°C for Dot Blot analysis.   

 

2.4  Sample preparation, gel electrophoresis and Western Blot  
 

The protein concentration of the supernatant was determined and normalized before proceeding with sample 

preparation.  

Sample buffer (0.5 M DTT, 0.4 M Na2CO3, 8%SDS and 10%Glycerol) and Bromophenol were mixed in a ratio of 

125:4. The sample buffer mix was preheated at 65°C for 3 min and then mixed with the supernatant in a ratio 

of 33:100, respectively. The sample was vortexed and heated at 65°C for 5 min before loading on the gel. 

Proteins were separated on NuPAGE™ 4-12% Bis-Tris Protein Gels 1.5 mm × 10-well at 70 V for 10 min followed 

by 140 V for 3 hrs.  

For separation of alleles and visualization of the protein huntingtin, the entire cell lysate was used. For this 

particular case, the media was removed, and cells were lysed directly on the plate with NuPAGE LDS (Lithium 

Dodecyl Sulfate) sample buffer 4x and RIPA buffer in a ratio of 7:20, respectively. The plate was kept on ice for 

30 min, transferred to fresh eppendorf tubes and shaken for 30 min at 4°C. The cell lysate was mixed with 

NuPAGE sample reducing agent 10x in a ratio of 10:1. The sample was vortexed and heated at 95°C for 5 min 

before loading on the gel. The protein was separated on NuPAGE™ 3-8% Tris-Acetate Protein Gels, 1.0 mm × 

15-well at 70 V for 25 min followed by 125 V for 6 hrs. The gel electrophoresis procedure was performed on 

ice at 4°C.  

The PageRuler™ Plus Prestained Protein Ladder was used as a marker in all gel electrophoresis. The gels were 

transferred onto nitrocellulose membranes using the iBlot™ 2 Gel Transfer Device. For gels containing proteins 

that have been separated for 6 hrs, the iBlot® System was used. Membranes were blocked overnight with 

Odyssey blocking buffer (LI-COR Biosciences GmbH) at 4°C. Incubation with primary and secondary antibodies 

is explained in subsection 2.6.  
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2.5  Isolation of amyloids, sample preparation and Dot Blot  
 

For the isolation of amyloids from cell pellet, two different protocols were used. The protocols differed mainly 

in the buffers used for resuspending the cell pellet.  

The cell pellet was either resuspended with 500 µL Amyloid lysis buffer (50 mM Tris-HCl, pH 8.9, 100 mM NaCl, 

5 mM MgCl2, 1 mM EDTA, 0.5% (v/v) Igepal (NP40)) or with 100 µL DNAse I buffer (10X reaction Buffer with 

MgCl2 mixed with Nuclease-free water in ratio 1:10) containing 2 units of DNAse I for each sample. One tablet 

of Protease inhibitor cocktail was added to 10 mL Amyloid lysis buffer before use. Samples resuspended in 

Amyloid lysis buffer were kept on ice for 30 min whereas samples treated with DNAse I buffer were incubated 

at 37°C for 1 h. A nitrocellulose membrane with a pore size of 0.2 µm was equilibrated with 2%SDS for 1 h. To 

the resuspended cell pellet, SDS and DTT were added to a final concentration of 2% and 50 mM respectively. 

Samples were boiled for 5 min at 95°C before loading them on the Dot Blot manifold. After the samples had 

passed through, the membrane was washed with 0.1% SDS. The membrane was blocked overnight at 4°C. 

Incubation with primary and secondary antibodies is explained in subsection 2.6. 

 

2.6 Incubation with primary and secondary antibodies  
 

The blocking buffer was removed, and membranes were washed once with PBST (80 mM Na2HPO4, 1.5 M 

NaCl, 20 mM KH2PO4, 30 mM KCl, 1% Tween® 20, pH 7.4) for 3 min.  

Membranes used to analyze supernatants were incubated with 1:500 anti-huntingtin protein antibody 

(MAB2166), 1:1000 anti-ataxin-1 antibody (MABN37) or 1:1000 anti-ataxin-3 antibody (MAB5360). The 

incubation time with primary antibody was 2 hrs except for anti-ataxin-3 antibody which was 1 h. This was 

followed by a quick wash and 5×3 min wash with PBST. Subsequently, membranes were incubated for 1 h with 

goat-anti mouse secondary antibodies. After incubation with secondary antibodies, the membranes were 

quickly washed 5×3 min with PBST and then 2×3 min with PBS (80 mM Na2HPO4, 1.5 M NaCl, 20 mM KH2PO4, 

30 mM KCl, pH 7.4). The signals were detected using the Odyssey Imager (LI-COR Biosciences GmbH).  

Membranes used to analyze whole cell lysate were incubated for 2 hrs with 1:500 anti-huntingtin protein 

antibody and 1:2000 Anti-Importin 7. Goat-anti mouse and goat-anti rabbit secondary antibodies were used 

for the detection.  

For detection of amyloids, membranes obtained from Dot Blot were incubated first for 2 hrs with 1:1000 

aducanumab (BIIB037) primary antibody and then for 1 h with goat-anti human secondary antibody.  

 

 

 

 

 

 

 

http://www.merckmillipore.com/SE/en/product/Anti-Spinocerebellar-Ataxia-Type-3-Antibody-clone-1H9,MM_NF-MAB5360?ReferrerURL=https%3A%2F%2Fwww.google.se%2F&bd=1
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2.7  Amyloid staining in cells   
 

For amyloid cell staining, a 6-well plate seeded with 120,000 cells per well was used. Three days after virus 

infection, the cells were washed with PBS, fixed with 3.7% Formaldehyde solution for 30 min and then 

permeabilized with 0.5% Triton X-100 for 10 min. Thereafter, cells were incubated with 5 mM Ammonium 

chloride for 30 min, blocked with 3% PBS/BSA (Phosphate saline buffer/Bovine serum albumin) solution for 2 

hrs and then washed with PBS. Cells were then incubated for 2 hrs with 1:1000 aducanumab (BIIB037) primary 

antibody. After that, cells were washed with PBS and then incubated in the dark for 1 h with 1:1000 red goat-

anti-human antibody. The incubations were performed at room temperature and the antibodies were diluted 

in PBS. After the final incubation, the cells were washed with PBS and then visualized with fluorescence 

microscopy.  

 

2.8  HD Treatment  
 

The treatment tested in this study was obtained through a collaboration with the Nucleic Acid Center, 

University of Southern Denmark. Treatment consisted of oligonucleotides referred to as CAG18PS and have 

been designed to target the template strand of the Htt gene. The HD cell lines were infected and received 

treatment at the same day and were incubated for 4 days at 37°C. Oligonucleotides were added directly to 

the cells without using any formulation or transfection reagents to give a final concentration of 1 µM. After 4 

days, the medium was removed, and cells were lysed, and the entire cell lysate was used for Western Blot 

analysis.  

Read subsections 2.4 and 2.6 for a description on how the cell lysate was treated for Western Blot and how 

signals were detected. The oligonucleotide CAG18PS used in this study were developed by Zaghloul et al. 2017 

[29].  
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3. Results  

3.1  Virus infection  
 

In this study, the effects of HSV-1 infection on nuclear amyloid aggregation has been investigated in model 

cell lines of HD and SCA. Cell lines of HD (GM04281), SCA1 (GM06927) and SCA3 (GM06153) obtained from 

the Coriell Institute were infected with HSV-1 strain F at MOI of 10 and were incubated at 37°C for 4 days. A 

picture was taken with a microscope one day after infection to confirm that infection had been successful. A 

healthy cell line WT (GM08402) was included for comparison. See FIGURE 2. 

 Virus No virus  

SCA1 

  

HD 

  

WT 

  
FIGURE 2. Virus infected cells 24 hrs post infection. The cells looked morphologically different already the day after they had been 

infected with HSV-1. The non-infected cells were growing well and kept their characteristic elongated cell shape. The infected cells 

were affected both in terms of growth and morphology. For comparison purposes, a healthy cell line was included.  

The cells were considered to be successfully infected on the basis of their morphology and that many cells 

detached suggesting cytotoxicity. To judge from the figures above, it seems that the most affected cells by a 

virus infection are the cell lines of HD and SCA1 which have the CAG trinucleotide expansion mutation. The 

WT cells seem to be less affected by virus infection.



11 
 

3.2  Western Blot   
 

After 4 days incubation, the cells were harvested, lysed, and the supernatant and cell pellet were isolated for 

further analysis. The supernatant was analyzed with Western Blot, membranes were blocked overnight and 

then incubated with either anti-huntingtin protein antibody, anti-ataxin-1 antibody or anti-ataxin-3 antibody. 

Signals were detected with goat-anti mouse secondary antibodies. All three membranes contained a large 

number of proteins. In membranes containing SCA1 and SCA3 samples, a dense band was observed around 70 

kDa which could represent a form of protein aggregate (FIGURE 3A and 3B). Bands appeared to be denser in 

the samples that were infected. No difference was observed between the infected and non-infected samples 

in regard to protein content in the membrane containing SCA3 samples (FIGURE 3A). For SCA1, there was a 

clear difference between the infected and non-infected samples. Besides the thick band, some bands 

disappeared in the virus infected samples (FIGURE 3B) indicating probably a decrease of protein content in the 

supernatant. The disappearance of bands could indicate the sequestration of soluble proteins into protein 

aggregates. The same pattern was observed in the membrane containing HD samples (FIGURE 3C). Since the 

result for SCA1 and HD to some extent where in line with the working hypothesis that is, that virus infection 

could induce protein aggregation, it was decided that for further experiments continue only with SCA1 and 

HD cell line.  

 

3.3  Dot Blot  
 

Amyloids were assumed to be present in the cell pellet due to their high molecular weight and size. Two 

different protocols were used for the isolation of amyloids. The main difference between the protocols were 

the buffers used for resuspension. The general approach was to isolate amyloids by resuspending the cell 

pellet in a buffer. The samples were treated with SDS, DTT and boiled at 95°C before loading them on the Dot 

Blot manifold. After the Dot Blot procedure was completed the membrane was incubated with aducanumab 

(BIIB037) primary antibody and signals were detected with goat-anti human secondary antibody.  

Different adjustments were done in each experiment to optimize the Dot Blot procedure and to normalize the 

samples before detection. The goal was to investigate if more amyloids were formed in the presence of virus 

in comparison to non-infected. Normalization was a crucial factor to consider in order to obtain comparable 

and reliable results. Samples were normalized using protein concentration and number of cells; some 

experiment were also done without normalization.  

The results for the detection of amyloids without any normalization showed that amyloids were present in the 

cell pellet of infected SCA1 and HD cells. In the WT cell line, amyloids were not detected which was expected. 

Overall for that experiment, the results were consistent among the triplicates (FIGURE 4A). In the attempt to 

normalize detection of amyloid amount, samples containing the same protein concentration were loaded. 

Obtained results were not consistent among the triplicates. Only two of three replicates showed the same 

results. Amyloids were detected also in the non-infected cell pellet of SCA1 and HD (FIGURE 4B).  Another 

normalization that was tested was to lyse the same number of infected and non-infected cells. Assuming that, 

the cells contained approximately the same number of amyloids no further changes were done in the protocol. 

No amyloids were detected by this normalization approach (FIGURE 4C). As the results overall showed 

inconsistency, one final attempt was done to reproduce the experiment where no normalization was done. 

This experiment didn’t show the same results (FIGURE 4D).  
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A.  

 
 
B.  

 

  
 
                                                 C. 

 

 

FIGURE 3. Western Blot analysis of the supernatant. A. Cell line: SCA3 (GM06153). Membrane incubated for 1 h with 1:1000 anti-

ataxin-3 primary antibody. The band around 41.2 kDa corresponds to the ataxin-3 protein.  B. Cell line: SCA1 (GM06927). Membrane 

incubated for 2 hrs with 1:1000 anti-ataxin-1 antibody. Ataxin-1 was estimated to appear around 87 kDa but is not visible on the 

membrane. C. Cell line: HD (GM04281). Membrane incubated for 2 hrs with 1:500 anti-huntingtin protein antibody. The protein 

huntingtin which is ~ 351 kDa is too large to be observed in this Western Blot. All proteins observed have been separated for 3 hrs. 

For the detection of huntingtin see FIGURE 8B. 
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A. 

B. 

 
Protocol 1. No wash, the cell pellet was resuspended in Amyloid lysis buffer, kept on ice 
for 30 min, centrifuged and isolated the cell pellet.  

 
Protocol 2. Washed the cell pellet with RIPA buffer, centrifuged and isolated the cell pellet. 
Pellet was resuspended in DNAse I Buffer and incubated for 1 h at 37°C.  

C. D. 

 
 
 
Protocol 2*. Washed the cell pellet with Lysis buffer, centrifuged and isolated the pellet. 
Pellet was resuspended in DNAse I buffer and incubated for 1 h at 37°C.  

Protocol 1.   
 

FIGURE 4. Detection of amyloids with Dot Blot. All membranes were incubated with 1:1000 aducanumab primary antibody and signals were detected with goat-anti human secondary antibody.  

Two different protocols were used for the isolation of amyloids which differed mainly in the buffer used for resuspending the cell pellet . Different adjustments were done in each experiment 

with the objective to optimize the Dot Blot procedure and to normalize the samples before detection. A. No normalization. B. Normalization; the protein concentration was determined after 

resuspension of the cell pellet. Samples were diluted before the addition of SDS and DTT. C. Normalization: Equal number of cells; After HSV-1 infection, the cells were counted, and an equivalent 

number of cells were transferred to eppendorf tubes for lysing, and subsequent isolation of the supernatant and the cell pellet.  D. No normalization; Repeating the exact conditions as in A. 

Conclusively, the normalization of amyloids proved to be very difficult and further optimization are needed in order to obtain reliable results from Dot Blot.   
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3.4  Amyloid staining in cells   
 

Since the Dot Blot procedure wasn’t reproducible for the detection of amyloids, another technique was used to investigate whether the virus could induce 

aggregation of proteins into amyloids. Amyloid cell staining was performed on SCA1, HD and WT cell lines. After infection and incubation for several days the 

cells were washed, fixed, permeabilized and incubated with aducanumab primary antibody and goat-anti human secondary antibody for detection. One drop 

of DAPI blue stain was added before visualization with a fluorescence microscope.  

Amyloid aggregates were detected in all three cell lines and only in the virus infected cells (FIGURE 5-7). Interestingly, abundant amyloids were detected in 

the healthy cell line (FIGURE 7). However, the detection signal was stronger in the SCA1 and HD cell line. A stronger signal could indicate the presence of 

bigger clusters of amyloids. These results support the hypothesis that virus infection induces amyloid aggregation.  
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FIGURE 5. Amyloid cell staining in SCA1 cells. The first column shows the phase contrast images, the second column shows the nucleus stained with DAPI, the third column shows the amyloid 

aggregates, and the fourth columns shows the merged images. There are intracellular amyloid aggregates in the virus infected samples only.
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FIGURE 6.  Amyloid cell staining in HD cell line. The first column shows the phase contrast images, the second column shows the nucleus stained with DAPI, the third column shows the amyloid 

aggregates, and the fourth columns shows the merged images. There are intracellular amyloid aggregates in the virus infected samples. 
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FIGURE 7.  Amyloid cell staining in WT cell line. The first column shows the phase contrast images, the second column shows the nucleus stained with DAPI, the third column shows the amyloid 

aggregates, and the fourth columns shows the merged images. There are intracellular amyloid aggregates in the virus infected samples.  
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3.5  HD Treatment  
 

Another aspect of the study was to investigate the effect of an oligonucleotide-based treatment in 

HSV-1 infected cells. For this experiment, only the HD cell line was considered for receiving treatment 

since the treatment was proven to downregulate the expression of mutated HTT specifically [29]. The 

HD cell line was infected with HSV-1 and received treatment in the form of oligonucleotides. The 

treatment and infection took place at the same time and after 4 days of incubation, the cells were 

lysed, and the entire cell lysate was analyzed with Western Blot. Importin-7 (IPO-7) was used as a 

housekeeping loading control.  

The protein huntingtin was detected in both the infected and non-infected HD cells. The two bands 

observed around ~348 kDa represents the two alleles. The upper band corresponds to the mutant 

allele and the lower band to the normal allele. These bands appear to be weaker in the virus infected 

HD cells in both the group that received treatment and the untreated group (FIGURE 8A and 8B). Notice 

that the Western Blot results obtained for HD infected cells follow the same pattern as for SCA1, that 

is, that some bands disappear in the presence of virus (FIGURE 8B). Looking at the gel stack, virus-

treated samples seem to contain protein aggregates that could not enter gel. It could be that virus 

induced the huntingtin protein and other proteins to aggregate which were too big to be separated in 

the gel. This appears exclusively in the virus infected wells. The housekeeping control Importin-7 is also 

very weak in the virus infected samples. Judging from the results obtained it is not possible to tell 

whether the treatment in virus-infected cells is responsible for the lower expression of huntingtin or if 

it is because the huntingtin proteins have aggregated or formed amyloids (FIGURE 8A).  

A.  B.  

 
 

FIGURE 8. Western Blot analysis of the HD cell lysate after receiving treatment. A. Shows the results for the oligonucleotide 

treatment of both HSV-1 infected and non-infected HD cells. B. Western Blot results for HSV-1 infected and non-infected HD 

cells that did not receive a treatment. These results were intended to be used for comparison of treatment but could not be 

used for that purpose since the samples were separated in different gels. Lane 1-3 are marked with a red box which points 

out a dark region in the gel stack, which could be proteins or protein aggregates that have not been able to be separated in 

the gel.  
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4. Discussion 
 

The purpose of this master thesis project was to investigate the effects of HSV-1 infection on nuclear 

amyloid aggregation in model cell lines of HD and SCA. The working hypothesis was that HSV-1 induced 

protein aggregation of amyloids. Cells of HD, SCA1 and SCA3 were infected, incubated for several days 

and lysed. The supernatant and the cell pellet were isolated for further analysis with Western Blot and 

Dot Blot respectively. In addition to Dot blot, cells were stained with antibodies for detection of 

amyloids. All experiments were done in triplicates to ensure that the techniques used were robust and 

reproducible. The results obtained through different analysis showed that aggregates changed and 

that amyloids were formed in the presence of virus. Altogether, the results point towards HSV-1 

infection having a role in the induction of aggregation and amyloid formation in both HD and SCA 

patient’s fibroblasts. More details of the results obtained with the different methods are discussed 

below.  

The Western Blot results showed the presence of a large number of proteins in the supernatant of all 

three cell lines. The main difference was observed in the membranes containing SCA1 and HD proteins. 

The HSV-1 infection changed the distribution of proteins between supernatant and pellet. This could 

indicate that some proteins have been recruited from the supernatant to the cell pellet. Formation of 

large insoluble aggregates or amyloid-like structure have been reported to act as a protective 

mechanism in response to stress [30, 31]. Virus infection certainly puts the cells under stress and 

proteins could be forming aggregates as a response to the infection. These results were in line with 

the hypothesis that HSV-1 could be inducing proteins to aggregate.  

Amyloids assumed to be present in the cell pellet due to their high molecular weight and size. To 

compare whether amyloid aggregates were formed more in the virus infected cells in contrast to the 

non-infected cells, cell pellet obtained after cell lysis was analyzed. Two aspects were important to 

consider:  first, to include the cell pellet of infected and non-infected cells in the analysis and secondly 

to normalize the measurements.   

Detection of amyloids is generally known to be a challenging task [32]. This turned out to be the case 

when analyzing the cell pellet of HSV-1 infected and non-infected cells of HD and SCA1 with Dot Blot. 

The major challenge was the isolation of the cell pellet. The pellet of cells that had been infected with 

HSV-1 was considerably larger in size and had a yellowish color and was stuck to the wall of the 

Eppendorf tube which made the isolation not a perplexing task. Unlike the pellet from the non-infected 

cells, which were almost non-existent and transparent-white in color and floated around in the 

supernatant. This was one of the most crucial parts of the entire experiment because if the cell pellet 

was not successfully isolated, the results would indicate that no amyloids were in the cell pellet while 

in fact there were.  Another difficulty with amyloids is the fact that they are sticky, even if the isolation 

of cell pellet were successful up to the point where the samples should be loaded. There is a risk that 

the amyloids could be stuck in the pipette tip which would lead to the result that no amyloids were 

detected while in fact there were amyloids [33]. This could be reasons for why the results that were 

obtained in this study were not consistent. The reason for why the cell pellet was analyzed with Dot 

Blot specifically was because it was available in the lab and because the procedure itself was not very 

complicated.  
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In this study, two different protocols were used for the isolation of amyloids and they differed mainly 

in the buffers used for resuspending the cell pellet.  In the first attempt to analyze the cell pellet with 

Dot Blot, no consideration was taken regarding normalizing the samples before loading them. The cell 

pellet was resuspended in a special buffer which contained detergents that degrade most soluble 

proteins but not the amyloids. After centrifugation, the amyloids were isolated, SDS and DTT was 

added and thereafter boiled before applying to the Dot Blot manifold. Captured amyloids were 

detected by Western Blot using a specific antibody called aducanumab which has binding specificity 

towards insoluble amyloid fibrils [34]. The results from the first experiment showed promising results 

as a signal was detected in the triplicates of infected SCA1 and HD, indicating the presence of amyloid 

aggregates. The cell pellet of the WT cell line was included as a control. Since the WT cell line is healthy 

the signal for amyloid aggregates shouldn’t be strong, this goes along with the results observed.  Notice 

that in the first experiment, only the cell pellet from infected cells was analyzed. The cell pellet from 

non-infected cells wasn’t included in the analysis because it wasn’t possible to isolate for reasons 

mentioned above.  

A different protocol was used with slight adjustments for each experiment to obtain normalization. In 

one experiment, the samples were normalized with regards to protein concentration. In another 

experiment, the samples were normalized with equal numbers of cells used for lysing. Although, the 

big effort in normalization, the results were not consistent among the triplicates. A final attempt was 

done with the aim to reproduce the first experiment without success. This could only mean that the 

technique used wasn’t robust enough.  

There are many reasons for why the results might not have been consistent. For instance, different 

membranes could have been used in the experiment, besides the nitrocellulose membrane.  According 

to literature, detection of polyglutamine-containing protein aggregates a cellulose acetate membrane 

should be used [35]. Nitrocellulose membranes have high protein-binding properties which are not 

optimal for this kind of assay. Conversely, the cellulose acetate membrane has a low-protein binding 

capacity that allows aggregates to be retained by size allowing all other soluble cell components to 

pass through the pores [19]. This could of course have a significant impact on the resulting outcome. 

This does not explain why one experiment worked but could be an explanation of why all the other 

experiments weren’t consistent.   

In the attempt to normalize the analysis of aggregates, modifications were done to the protocol for 

each experiment, for example, using different resuspension buffers to denaturing soluble proteins. 

Having this in mind, for comparison purposes this is not optimal because different buffers have 

different capacity for denaturing soluble proteins. A suggestion for future experiments with the goal 

to optimize a protocol is to focus on one protocol and systematically change one parameter at the time 

so that it is possible to identify which factors affects the result.  Also, consider that some protocols that 

have been optimized for a cell line e.g. SCA doesn’t necessarily have to work for another cell line e.g. 

HD. The results obtained in this study should be considered as preliminary, requiring additional tests 

to be performed. In conclusion, it is questionable whether the Dot Blot approach is suitable for 

analyzing amyloid aggregates judging from the difficulties of retrieving the cell pellet and the results 

obtained.  
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A possible solution to the problem of isolating the cell pellet could be to up-scale the experiment, the 

more cells seeded, the more cell pellet and the easier the isolation. However, this might require using 

more virus for infection and for those reasons maybe this is not the best solution. Another approach 

that could have been done, was to analyze amyloid aggregates using Western Blot, by size exclusion 

chromatography or centrifugation [36, 37]. Using for example Western Blot, one circumvents the 

entire procedure of isolating the supernatant and cell pellet. Instead, the whole cell lysate is used and 

treated with SDS-containing sample buffer before loading onto the gel. This strategy requires the use 

of agarose gels and not polyacrylamide gels which were used for all the Western Blots in this study. 

Amyloid aggregates cannot be analyzed with polyacrylamide gels for the simple reason that the pore 

size is too small to allow passage of these bulky protein aggregates [18].  

Amyloid cell staining, another analysis for detection of amyloids was performed with the aim to 

investigate if virus infection could induce amyloid aggregation. The results from this assay showed that 

amyloid aggregates were formed intracellularly only in the virus infected cells. More amyloid 

aggregates were detected in the HD cell line in comparison to the SCA1 cell line. This could be due to 

the different number of virus infected cells in each plate. Considering that the SCA1 cell line was more 

susceptible to infection and that didn’t contain as many cells, this could be a logical explanation for the 

differences observed. Comparing just HD and SCA1, the results seem to be the same as those obtained 

with Dot Blot, that is a stronger signal for HD than SCA1. Interestingly, the WT cell line which is a healthy 

cell line showed to contain the most amount of amyloid aggregates. This wasn’t expected at all and 

raises the question regarding the type of proteins that are in the amyloids. This amyloid cell staining 

technique is semi-quantitative and gives an approximation of the number of amyloids. For 

quantification purpose, flow cytometry could be used to quantify the exact number of fluorescently 

labeled amyloids or protein aggregates [38].  

According to the hypothesis, the virus infected cells should have more amyloids because the virus has 

induced the process of aggregation. As a final part of this study, two experiments were done with the 

aim to investigate the effect of a treatment in infected HD cells. The treatment consisted of 

oligonucleotides called CAG18PS which have already been proved to have an effect in non-infected HD 

cells in vitro [29]. For this experiment, cells received treatment and were infected at the same time 

and subsequently analyzed with Western Blot. The intensity of the bands corresponding to the protein 

Huntingtin ~348 kDa were different in virus infected and non-infected samples. A weaker band could 

indicate that there has been a downregulation of the protein but in this case, no definite conclusions 

can be drawn whether it is because of the treatment or because of the virus that perhaps have induced 

aggregation of huntingtin or formed amyloids. Considering that some proteins or protein aggregates 

seem to have stuck in the wells of the gel could support the idea that lower expression of huntingtin is 

due to protein aggregation and not to treatment. If more time was given, qPCR could have been 

performed to determine if the oligonucleotide treatment had the intended effect. More experiments 

need to be done as it could have big impact on HD management and treatment. Results indicating that 

HD treatment doesn’t have an affect or has a low effect in the presence of virus could mean that in 

order to have a fully effective HD treatment it would be necessary to receive antiviral treatment.  

In conclusion, in this study, several experiments have been conducted and the results obtained have 

pointed towards a role of HSV-1 infection in the induction of protein aggregation and amyloid 

formation in both HD and SCA patient fibroblasts. However, more experiments need to be done to 

further optimize the protocols and verify the results. The need for replicates to show the same result 

is crucial for drawing conclusions and therefore a big effort must be done in the development of 

methods for detection of amyloids.  
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5. Future perspectives  
 

In this study, several experiments have been conducted and the results obtained point to the fact that 

HSV-1 infection could be involved in the process of nuclear amyloid aggregation. However, more 

studies need to be done on the role of viruses in neurodegenerative diseases to confirm these findings. 

An aspect of major importance is to identify the proteins involved in the formation of amyloids. This 

could be done by isolating the amyloids from the cell pellet of infected and non-infected cells and 

perform proteomics. Analyzing the supernatant only would be inconclusive because the analysis might 

be affected by the large content of soluble proteins. Therefore, it is advisable to identify which proteins 

form the amyloid itself and compare amyloids in infected and non-infected cells. By doing this, one 

could observe the down-regulation or up-regulation of some important protein. This could give a hint 

on the mechanistic level of what is happening in neurodegenerative diseases in the presence of virus 

infection. Another possibility would be to perform Western Blot with gels that are suitable for the 

analysis of amyloids. After protein separation, different bands can be excised and analyzed using 

proteomics methods. With more knowledge gained about the mechanism that leads to the formation 

of amyloids in neurodegenerative diseases the closer will scientist be to find means to abolish the 

aggregation process. In addition, if virus infections are possible causes for amyloid formation and HSV-

1 has a role in the induction and/or aggravation of neurodegenerative diseases, more efforts could be 

invested on development of vaccines towards the HSV-1.  
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