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SOM!\'IAIRE 

Les coronavirus humains se regroupent en deux souches 

sérotypiques, 229E et OC43, et causent des maladies respiratoires 

(Myint, 1994), gastro-intestinales (Resta et al., 1985), et ont été 

associés à des myocardites (Riski and Hovi, 1980). Plusieurs 

observations suggérent que les coronavirus humains pourraient aussi 

être neurotropes. Des particules coronavirales furent observées dans 

des échantillons pro\·cnan t de cerveaux de patients atteints de 

sclérose en plaques (Tanaka et al .. 1976). Des taux d'anticorps anti

coronavirus humains élev és ont aussi été trouvés dans le liquide 

céphalo-rachidien de patients atteints de sclérose en plaques, ce qut 

suggère une implication possible de ce vHus dans l'étiologie de la 

maladie (Salmi et al., 1982). Deux souches de coronavirus ont été 

isolées a partir d'échantillons pro\'enant du cerveau de patient atteints 

de sclérose en plaques (B urks et al., 1980) et 1 'inoculation 

intracérebrale de ces \'Jrus à des primates a provoqué une maladie 

démyélinisante (1\1urray et al.. 1992). En plus, le génome du 

coronavirus humain 229E (HCV-229E) a été amplifié à partir 

d'échantillons de patients atteints de sclérose en plaque mais pas de 

témoins (Stewart et al .. 1992) . 

Ces études sont en accord avec l'hypothèse que les coronavuus 

humains pourraient être i mpl iq ués dans 1 'étiologie de maladies 

neurologiques comme la sclérose en plaques. Par contre, le 

neurotropisme comme tel n ' a pas été prouvé jusqu'à date. Des études 



avec des lignées continues ont démontré que les coronavirus humains 

peuvent infecter des cellules nerveuses murines et humaines, et que 

l'infection est productive (Pearson and Mims, 1985; Talbot et al., 1994; 

Talbot, communication personnelle). Toutefois, ces lignées cellulaires 

étant immortalisées, il est possible que leur infection ne reflète pas 

correctement le contexte naturel. Le but du projet de maîtrise était, 

donc de déterminer 1 'i nfectabi li té des cellules nerveuses humaines en 

culture primaire par les coronavirus humains 229E et OC43, une étape 

importante dans la démonstration du neurotropisme des coronavuus 

humains, les cultures primaires se rapprochant le plus de la situation 

in vivo. 

Pour détecter les :11Higènes viTaux exprimés dans les cellules 

infectées, nous a von s ut i 1 i sé 1 a méthode d' immunofl uorescence 

indirecte. Pour dé tee ter les antigènes produits par HCV -229E, nous 

avons utilisé 1 'anticorps monoclonal 5-11 H.6 et un anticorps polyclonal 

de lapin, les deux dirigés contre 229E. Nous n'avons pas pu détecter la 

présence d'antigènes viraux, 111 clans les cellules humaines neuronales 

et astrocytaires fœtales, ni clans les microglies, oligodendrocytes ou 

astrocytes adultes humains. Pour détecter les antigènes d'HCV-OC43, 

nous avons utilisé 1 'anticorps monoclonal 4-Ell.3 anti-HEV et un 

anticorps polyclonal cie cobaye anti-OC43. Ce dernier anticorps fut 

produit expressément pour les expériences présentées ici. Des 

antigènes de HCV -OC43 ont été détectés dans des cellules humaines 

astrocytaires fœtales, microgl ies et astrocytes adultes, mais n'ont pas 
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été détectés dans les neurones fœtaux m dans les oligodendrocytes 

adultes. 

Étant donné les résultats négatifs en immunofluorescence dans le 

cas de HCV-229E, nous avons utilisé une technique beaucoup plus 

sensible, le RT -PCR/Southern blotti ng, qui permet de détecter 1 'ARN 

viral dans des cellules infectées. Avec cette technique, nous avons pu 

détecter l' ARN de 229E dans des cellules humaines astrocytaires 

fœtales, microglies adultes et dans un mélange d' oligodendrocytes et 

astrocytes adultes. Les échantillons de neurones étant très difficiles à 

obtenir, ils n'ont pas pu être testés avec cette technique. 

Nous avons aussi pu détecter par microscopie électronique la 

présence d'HCV -OC43 dans des astrocytes fœtaux infectées en utilisant 

la méthode des coupes ultra-minces. 

Nous avons clétectl~ ct quantifié les particules virales infectieuses 

produites après l'infection cles cultures primaires par la méthode 

d 'immunoperoxydase indirecte. Des particules infectieuses d 'HCV-

229E et d'HCV-OC43 ont ~llnSJ été détectées dans des cultures 

d'astrocytes fœtaux infcct~s. Egalement, un taux très bas de particules 

infectieuses d 'HCV -OC4~ a été détecté dans les cultures de microglies 

et d'oligodendrocytes/astrocytes adultes. La différence dans les titres 

de vuus produits pourrait être due à la différence dans la 

concentration de cellules clans chaque échantillon. Étant donné que 
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nous avons travaillé avec des cultures pnmaues, nous ne pouvions pas 

contrôler ce paramètre. 

Finalement, nous avons produit cmq hybridomes sécrétant des 

anticorps monoclonaux an ti -OC43 . 

Les résultats de ce projet de recherche montrent 1 'infectabilité 

de certains types de cellules gliales humaines par les deux souches 

prototypes du coronavirus humain . 

La différence clans les degrés d'infectabilité par les deux souches 

du coronavuus humain n'est pas surprenante car ce phénomène a été 

montré dans le modèle de souris (Dubois-Dalcq et al., 1982; Gagneten 

et al., 1995). Le type de cellules qui sont infectables est similaire à 

celui observé dans l'étude fait avec HCV-OC43 et les cellules nerveuses 

primaires de souris et clans celui fait avec des cultures pnmaues 

foetales humaines (Pearson et !\1ims, 1985). Il est intéressant de 

constater que les résultats clans le modèle de souris concordent avec 

les résultats chez 1 'humain. Par contre, les résultats obtenus en culture 

pnmaue ne correspondent pas tout à fait avec ceux en lignées 

continues où les deux souches virales, 229E et OC43 montrent une 

haute infectabilité. un grand wux de production virale et où tous les 

types de cellules nerveuses sont infectables (Talbot, communication 

personnelle). Même si notre étude présente de l'information plus 

détaillée dans la caractérisation de 1 'infection des cellules nerveuses 

humaines par les coronavirus humains, il y encore beaucoup à faire 
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xviii 

dans le domaine pour comprend re le neurotropisme des corona virus, 

et faire le lien avec des maladies neurologiques. Finalement, il est 

intéressant de noter que les coronavirus humains semblent infecter les 

mêmes types de cellules nerveuses que le virus de l'immunodéficience 

humaine, soit les astrocytes et les microglies (Sharpless et al., 1992) 



SUMMARY 

The goal of this project was to determine the infectability of 

human primary cultured neural cells by human coronaviruses (HCV) 

229E and OC43. 

To detect viral antigens expressed m infected cells we used an 

indirect immunofluorescence technique. To detect antigens of HCV-

229E we used monoclonal antibody 5-IIH.6 and a rabbit polyclonal 

antiserum, both anti-229E . \Ve could not detect the presence of viral 

antigens in infected human fetal neurons, fetal astrocytes, adult 

microglia, adult oligodendrocytes or adult astrocytes. To detect 

antigens of HCY -OC43 we used monoclonal an ti body 4-E 11.3 anti-HEV 

and a guinea pig polyclonal antibody to OC43. The latter reagent was 

produced for these experiments. Viral antigens were detected in 

infected human ferai astrocytes, a du lt microglia and adult astrocytes 

but not in fetal neurons and adult oligodendrocytes. 

To verify the negative results obtained with HCV -229E we used 

a more sensitive technique, RT -PCR/Southern-blotting, to detect viral 

RNA in infected cells. With this method, we could detect HCV -229E 

RNA in fetal astrocytes, adult microglia and in a mtx of adult 

oligodendrocytes and astrocytes. The neuron samples were scarce so 

we could not test them with this technique. 



Also, we have detected the presence of HCV-OC43 in infected 

cells by electron microscopy of ultra-thin sections. 

possible for HCV -229E. 

This was not 

We have detected and quantified the infectious particles 

produced after infection of the primary cultures using the indirect 

immunoperoxidase method. Infectious HCV -229E and HCV -OC43 

particles were detected in cultures of infected fetal astrocytes. Low 

amounts of infectious OC43 were also detected in infected adult 

astrocytes, oligodendrocytes and microglial cultures. 

Finally, five hybridomas secreting monoclonal antibodies 

directed against HCV -OC43 were produced. 
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INTRODUCTION 



Human coronaviruses are known to cause respiratory (Myint, 

1994) and gastrointestinal (Resta et al., 1985) diseases, and have been 

associated with myocarditis (Riski and Hovi, 1980). Human 

coronaviruses may also be neurotropic. The study of neurotropic 

human coronaviruses arase when coronavirus-like particles were 

observed in samples from the brain of a multiple sclerosis patient 

(Tanaka et al., 1976). Since then, high titers of anti-human coronaviral 

antibodies were found in the cerebrospinal fluid of multiple sclerosis 

patients, suggesting a possible implication of this virus in the etiology 

of the disease (Salmi et al., 1982). Two corona viral strains were 

isolated from brain samples of MS patients (Burks et al., 1980) and 

their intracerebral inoculation in primates caused a demyelinating 

disease (Murray et al., 1992a). Furthermore, HCV -229E genome was 

amplified from brain samples of MS patients (Stewart et al., 1992). 

These studies are consistent with the hypothesis implicating 

coronaviruses in neurological diseases. However, the neurotropism of 

human coronaviruses has not yet been proven. Studies in continuous 

cell tines have shown that human coronaviruses can infect mouse and 

human neural cells and that the infection can be productive and 

persistent (Pearson and Mims, 1985; Talbot et al., 1994; Talbot, 

persona! communication). The project described here was designed to 

study the infectability of primary human neural cells by the two 

known strains of human coronaviruses, 229E and OC43. To support 

the hypothesis of a possible neurotropism, we wanted to determine 

which cell type was infectable and if the infection was productive. 
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LITERATURE REVJE\V 



1. Coronayjruses 

1.1 Isolation of coronaviruses from humans 

Human coronavuuses (HCV) belong to the family Coronaviridae 

(Tyrrell et al., 1975). Two serogroups are known, and only one strain 

per group has been weil characterized (Myint, 1994 ). The se strains 

are HCV -229E for group 1 and HCV -OC43 for group 2. Other hu man 

strains can be found in the literature. Among them are B814, EVS, LP, 

692, and other OC strains (Kendall et al., 1962; Kapikian et al., 1973; 

Mclntosh et al., 1967b). 

In 1962, a study was carried out to isolate vuuses from patients 

with common colds (Kendall et al., 1962). This study yielded the first 

isolation of the B814 strain. It was not until 1965 that it was reported 

that B814 was an ether labile virus that failed to be maintained in 

tissue culture and eggs. It could only be propagated in organ cultures 

of human fetal tracheal epithelium (Tyrrell and Bynoe, 1965). The 

same year, strain 229E was isolated from a patient with an upper 

respiratory tract infection. The vtrus was characterized as an 

ether-labile particle with a diameter of 89 nm. The virus was 

unrelated to the known human respiratory myxoviruses and had an 

RNA genome (Hamre and Procknow, 1966). In 1967, strains 229E and 

B814 were detected by electron microscopy and were shown to be 

related to avian infectious bronchitis virus (Almeida and Tyrrell, 

1967). Other studies determined that it was possible to identify 

infectious bronchitis virus (lB V)-Iike or mou se hepatitis virus (MHV)-

4 



like particles in specimens obtained from patients with a common cold 

(Mclntosh et al., 1967a). La ter in 1967, the previously isolated strains 

OC38 and OC43 (OC for organ culture) were successfully grown in 

suckling-mouse brains (Mcintosh et al., 1967b). In 1968, more viral 

isolations from patients with upper respiratory infections were 

reported: of these, nine samples were characterized and matched to 

229E (Kapikian et al., 1969). For the first time, sorne epidemiological 

data was provided, including incidence of viral infection in the 

population according to age and also sorne serological studies. 

In 1969 the Coronaviruses were classified as a new group by an 

informai group of virologists composed of J.D. Almeida, D.M. Berry, C.H. 

Cunningham, D. Hamre, M.S. Hofstad, L. Mallucci, K. Mclntosh, and 

D.A.J. Tyrrell (Almeida et al., 1969). La ter in 1969, it was reported 

th at 229E could be grown m L 132 ce lis (Bradburne, 1969). More 

epidemiological studies for OC strains and for 229E followed that 

report. A strong correlation was found between coronavuus infection 

and LRTD (lower respiratory tract disease) in infants and no 

correlation was found with upper respiratory infections. A difference 

in serum titers of 229E was also found in adults and in children 

(Mclntosh et al., 1970a). In 1970, strains OC38 and OC43 were 

successfully adapted to grow in cell monolayers of monkey origin 

(Bruckova et al., 1970). In 1972, strain 692 was detected by immune 

electron microscopy, and serological studies revealed th at is was not 

related to either 229E or OC43 (Kapikian et al., 1973 ). 
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Currently more than a dozen coronaviruses have been isolated 

from patients and the existence of HCV is weil accepted among the 

scientific community. Recent studies focus on the characterization of 

the viruses and understanding their replication mechanisms and 

pathogenesis. The two serologically different strains, HCV -229E and 

HCV -OC43, are adapted to cell culture, and were chosen as the 

prototypes for further studies. 

1.2 Physical description 

Human coronaviruses are large enveloped vuuses. They can be 

detected by electron microscopy and show pleomorphic forms of about 

80 to 200 nm in diameter. Their non-segmented genome is composed 

of an infectious single-stranded positive RNA of 27-30 kb. The 

buoyant density in sucrose is 1.18 g/ml (Pokorny et al., 1975). Human 

coronaviruses are heat labile: they can be inactivated at 33°C or at 

37°C (Bucknall et al., 1972). Strain 229E is more labile but retains 

more infectability after freeze-thawing. Both strains are susceptible to 

pH changes, but OC43 is more stable (Bucknall et al., 1972). Strain 

229E requires a pH of about 6 for optimal growth (Lamarre and 

Talbot, 1989). Both strains are also sensitive to liposolvents. Growth 

of 229E in L132 cells can be inhibited by actinomycin D (Kennedy and 

Johnson-Lussenburg, 1978). Strain OC43 can hemagglutinate human 

group 0 erythrocytes, while 229E cannat (Kapikian et al., 1972). Strain 

OC43 may induce fusion of susceptible cells (Bruckova et al., 1970). 
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Each coronavirus particle contains approximately 200 peplomers 

of 10 to 20 nm embedded in its lipid bi-layered surface which gives 

them the appearance of a crown ("corona"). Human coronaviruses 

have at least three structural proteins: S, M, and N (spike, membrane 

associated protein and nucleocapsid respectively), with HE 

(hemagglutinin esterase) being an additional structural protein in 

HCV -OC43. The corona virus genome also codes for se veral non

structural proteins that appear to be essential for viral genome 

replication. 

1.2.1 Surface protein (S) 

The peplomers on the surface of coronaviruses are formed by 

dimers or trimers of the S glycoprotein, previously named E2, (Myint, 

1994 ). The S prote in has a molecular mass of 160-200 kDa and is 

formed by two dissimilar portions called S 1 and S2 that can be 

separated by digestion with trypsin (Sturman et al., 1985). The S 

protein has been implicated in the recognition of the cellular receptor, 

cell mediated cytotoxicity, and cell fusion (Sturman et al., 1985), pH 

dependent thermolability, inhibition of hemagglutination and also 

neutralization (Collins et al., 1982; Schmidt and Kenny, 1982; Daniel 

and Talbot, 1990). The S protein bears different post-translational 

modifications such as acylation and glycosylation (Ricard et al .• 1985; 

Cavanagh, 1983). These modifications may be responsible for the 

different roles of the S protein. 
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1.2.2 Membrane protein (M) 

The M prote in, previously named E 1, is the most abundant 

protein in the membrane and has a molecular mass of 25-26 kDa. 

Proteins of approxima tel y 20 , 24 , 27, and 40 kDa, bearing different 

levels of glycosylation, are observed and are probably linked by 

disulfide bonds (louvenne et al., 1994). The M protein varies in the 

extent of glycosylation, the type of linkage (N-link and 0-link), and the 

degree to which N-linked high-mannose glycans have been converted 

to complex glycans (Spaan et al., 1990). The M protein is highly 

hydrophobie and bears three a -helical trans membrane demains 

(louvenne et al., 1990; Mounir and Talbot, 1992). The N-terminal half 

is exposed at the outer surface of the membrane (Rottier et al., 1986), 

while the C-terminal half is located in the interior of the virus (Spaan 

et al., 1990). The protein was also found to interact with the 

nucleocapsid (Sturman et al., 1980; Spaan et al., 1988). The M protein 

apparently supports the structure of the envelope and is essential for 

virus budding (Mounir and Talbot, 1992). An ti bodies against the M 

protein require complement to neutralize viral infectivity (Collins et 

al., 1982). 

1.2.3 Nucleocapsid protein (N) 

The N protein has a molecular mass of 47-55 kDa. It is a basic 

non- glycosylated protein th at encapsidates the RN A genome in a 

flexible nucleocapsid with helical symmetry (Kennedy and 
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Johnson-Lussenburg, 1975). It combines three structural, and most 

likely functional, domains, designated 1, II and III. Domains 1 and II 

contribute to the basic character of the protein, having a large amount 

of positively charged residues while domain III has negatively 

charged residues (Masters et al., 1990). This protein is thought to 

have an important role in the replication cycle of the virus. Variation 

in the concentration of the N protein might be responsible for the 

switch from transcription to replication (Stohlman and Lai, 1979). It 

has been reported that this protein may be involved in the immune 

response against coronaviruses (Korner et al., 1991; Lecomte et al., 

1987). 

1.2.4 Hemagglutinin-esterase (HE) 

The HE protein, previously called E3, is only found m the OC43 

strain of HCV. It has a molecular mass of 130-140 kDa and is 

composed of two subunits of 65 kDa linked by disulfide bonds (King 

and Brian, 1982; Hogue and Brian, 1986), The HE protein recognizes 

sialic acid-containing receptors similar to those for influenza C viruses 

(Vlasak et al., 1988). 

1.2.5 Non-structural proteins 

The non-structural proteins are proteins that are not packaged 

m the virion and are only synthesized and found in an infected host 

cell. Human coronaviruses have specifie ORFs for the non-structural 
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proteins. The gene coding for the RNA dependent RNA polymerase 

occupies the 5' two thirds of the viral genome and is called mRNA 1. 

Strain 229E contains two ORFs in mRNA 4 and one ORF in mRNA 5 

(louvenne et al., 1992). Strain OC43 contains two ORFs between the 

genes of the S protein and the M protein (Mounir and Talbot, 1992). 

The functions of these non-structural proteins are still unknown but 

they are probably implicated in the synthesis of RN A or in the 

encapsidation process. 

1.3 Cellular receptor 

In the munne model, the S protein has been implicated m the 

recognition of the cellular receptor (Sturman et al., 1985). Two 

glycoproteins of 110 kDa and 58 kDa have be en fou nd to bi nd MHV 

(Boyle et al., 1987; Holmes et al., 1994 ). The se glycoproteins belong to 

the carcinoembryonic antigen family and are present on the surface of 

liver, intestinal epithelium, respiratory epithelium, brain and spleen 

cells. Holmes et al., have shown that different strains of MHV shared 

this cellular receptor (Holmes et al., 1989). 

In hu mans, the cellular receptor for HCV -229E is aminopeptidase 

N, a cell-surface metalloprotease present on intestinal, Jung and 

kidney epithelial cells (Yeager et al., 1992). The cellular receptor for 

HCV -OC43 is stiJl unknown. 
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1.4 Genome sequence 

The complete nucleotide sequence of the HCV -229E RNA is now 

known: mRNA 1 (Herold et al., 1993), mRNA 3 (S protein) (Raabe et al., 

1990), mRNA 4 and mRNA 5 (Raabe and Siddell, 1989b; louvenne et 

al., 1992), mRNA 6 (M protein) (Raabe and Siddell, 1989a; louvenne et 

al., 1990), mRNA 7 (N protein) (Schreiber et al., 1989; Myint et al., 

1990). For OC43, sequences are known for the N protein (Kamahora et 

al., 1989), M protein (Mounir and Talbot, 1992), S protein (Mounir and 

Talbot, 1993b; Künkel and Herrler, 1993 ), HE (Zhang et al., 1992), and 

mRNA 4 (Mounir and Talbot, 1993a). 

For HCV -229E, it has been reported th at the gene sequence for 

the N protein is highly homologous to the N protein of porcine 

transmissible gastroenteritis virus, TGEV, (Schreiber et al., 1989), and 

that the gene for the S protein is highly homologous to the S protein of 

IBV, feline infectious peritonitis virus (FIPV), TGEV, and MHV-JHM 

(Raabe et al., 1990). For HCV -OC43, it has been determined that there 

is high leve! of identity between the gene for the N protein with the 

homologous one of bovine coronavirus (BCV). Similarly, there is 

relatedness between the leader sequence with MHV (Kamahora et al., 

1989), the M protein with BCV (Mounir and Talbot, 1992), HE with 

BCV (Zhang et al., 1992), and the S protein with BCV (Mounir et al., 

1994 ). A phylogenetic relation has also been established between 

OC43 and influenza C virus, due to high homology between their HE 

protein (Zhang et al., 1992) . 
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1.5 Replication 

The steps of adsorption, penetration and uncoating of 

coronaviruses are not weil understood. It is thought that virus 

attaches to the cellular receptor through the S protein, or the HE 

protein if present (Boyle et al., 1987; Talbot et al., 1984). It is not 

clear if penetration occurs by fusion of the virus envelope with the 

plasma membrane or with endosomal membranes (Krzystyniak and 

Du puy, 1984; Mizzen et al., 1985; Kooi et al., 1991 ). Once the virus 

uncoats, its genomic RNA, which is capped and poly-adenylated, 

attaches to ribosomes Ieading to the synthesis of the virus-specifie 

RNA-dependent RNA polymerase (Strauss and Strauss, 1983). This 

polymerase may be distinct from the polymerase responsible for the 

production of subgenomic mRNAs. The newly synthesized polymerase 

transcribes the positive RNA into a full length negative strand RNA 

(Lai et al., 1982a). White the exact mechanism is not understood, the 

minus strand then serves as the template for transcription of a nested 

set of 5 to 7 positive stranded subgenomic RN As which are 3' 

coterminal (Lai et al., 1982a; Stern and Kennedy, 1980). These mRNA 

are capped and polyadenylated (Siddell et al., 1983; Spaan et al., 

1988; Stern and Kennedy, 1980). The translated ORF in each mRNA is 

situated at the non-common 5' end (Siddell et al., 1982; Sturm an and 

Holmes, 1983 ). 
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The 5' end of the plus-strand genomic and subgenomic RNAs 

con tains an identical leader sequence of 60-70 bases (Barie et al., 

1983; Brown et al., 1984; Lai et al., 1982b). This leader sequence is 

important in the replication of coronaviruses, although how the leader 

functions is not clear. One model for coronavirus RNA transcription is 

the discontinuous, leader-primed transcription mechanism. The leader 

sequence, after being transcribed from the 3' end of the minus strand, 

disassociates from its template and moves downstream, reattaching to 

the template by means of a recognition signal which is complementary 

to the leader. Transcription then restarts. This process is repeated 

several times at the initiation site for each subgenomic RNA (Barie et 

al., 1985; Budzilowicz et al., 1985; Lai, 1986; Shieh et al., 1987). This 

leader primed transcription may explain the high frequency of 

recombination found in coronaviruses and also the existence of 

defective interfering particles (Makino et al., 1988). Because of their 

genome, coronaviruses are sensitive to a high frequency of mutation. 

Most coronavirus proteins are translated in polysomes either 

attached to the RER or in the cytoplasmic matrix. Sorne proteins (S, 

HE) are co-translationally N -glycosylated whereas the M protein of 

HCV -OC43 ts post-translationally 0-glycosylated. Virion assembly 

takes place m the cytoplasm. The genome is encapsidated by the N 

protein which starts the process by binding to the leader sequence 

(Stohlman et al., 1988). The virion then buds from the RER or Golgi 

apparatus (Tooze et al., 1984), where the cellular proteins are 

excluded. Coronavirus budding only occurs where there is a high 
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concentration of the M protein (Holmes et al., 1981; Holmes et al., 

1984 ). The li fe cycle is therefore entirely. cytoplasmic. 

1.6 Pathogenesis 

Coronaviruses are in general host specifie. Various strains infect 

a vast spectrum of animais including cat, cattle, chicken, dog, horse, 

monkey, mouse, ptg, rabbit, rat, sheep, and turkey, causing different 

diseases (Table 1 ). 

Human coronaviruses cause up to 30% of common colds in 

humans (Myint, 1994 ). The incubation period is 2 to 4 da ys and the 

symptoms include malaise, headache, profuse rhinorrhoea, nasal 

blockage, sneezing, fever and abdominal pam. Studies done on adult 

sera show a high frequency of neutralizing antibodies to HCV-229E 

and also high titers of an ti bodies against HCV -OC43. Infections by the 

229E and OC43 strains of HCV seem to fluctuate from year to year 

(Mclntosh et al., 1970b; Bradburne and Somerset, 1972). A study 

spanning 4 years on more than four hundred patients showed that 

90% of adults were seropositive for HCV (Chambon et al., 1987). Other 

studies in infants with acute lower respiratory tract disease revealed 

th at 8.2% of patients aged un der 18 months were HCV -seropositive 

(Mclntosh et al., 1974). The geographical distribution of coronavirus 

infections is very wide, HCV respiratory infections have been detected 

in North and South America, and in Europe. Human coronaviruses 

have also been linked to other diseases. For example coronavirus-like 
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Table 1: Hosts and associated pathogenesis of coronaviruses. 
Other: lnfectious peritonitis, runting, nephritis, 
pancreatitis, parotitis, and adenitis. 
Abbreviations: HCV, human coronavirus; TGEV porcine 
transmissible gastroenteritic; CCV, canine corona virus; 
FECV, feline enteric coronavirus; FIPV, feline infectious 
peritonitis virus; l\1HV, murine coronavirus; SDAV, 
sialodacryadenitis virus; HEV, porcine hemagglutinating 
encephalomyelitis virus; BCV, bovine coronavirus; RbCV, 
rabbit coronavirus; IBV, avian infectious bronchitis vuus; 
TCV, turkey coronavirus. 
From Holmes, 1990 



G-oup Virus fust Respiratory Blteric 1-i!patitis CNS Qher 
infection infection infection 

1 229E Hu man x ? 

1ŒV Pig x x x 
(Dl llig x 
FKV Cit x 
APV Càt x x x x x 

II œ3 Hum an x ? ? 

~flN Mou se x x x x 
SD\V Rat x 
HEV Pia 

0 x x x 
ocv Cbw x 

Rb CV Rab bit x x 
III IBV Olicken x x 
IV TCV Turkey x x 
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particles were observed by electron microscopy in stools of patients 

with necrotizing enterocolitis. Stool samples were passaged in cultures 

of human fetal intestinal organs and coronaviral-like particles were 

produced (Resta et al., 1985). It has also been associated with 

myocarditis (Riski and Hovi, 1980). Riski and Hovi described a patient 

with a common cold who developed myocarditis. High titers of 

antibodies against OC43 were detected in this patient. No other virus 

could be detected and ali the bacterial tests were negative. Upon 

recovery, the serum titer of antibodies against OC43 declined, 

suggesting a link between HCV and myocarditis. There is also strong 

evidence to suggest that HCV may be a neurotropic virus and that it 

could be involved in neurological diseases, such as multiple sclerosis, 

as discussed below. 

2. Multiple sclerosis 

2.1 Pathology 

Multiple Sclerosis is a neurologie demyelinating disease. It ts 

characterized by chronic demyelination, inflammation and gliosis. In 

North America, it represents the most important neurological illness m 

early to middle adulthood. There are 50,000 people affected tn 

Canada (Talbot, 1995), and as many as 350,000 in the United States 

(Hauser, 1994). The exact cause 1s still unknown but there is 

substantial evidence to believe that an environmental agent, perhaps a 

virus, could trigger the illness in a genetically susceptible host 

(Johnson, 1985). 
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Examination of the brain of patients at autopsy reveals sclerotic 

plaques or scar tissue areas visible in the white and, exceptionally, in 

the gray matter. Other histopathologic characteristics are perivenular 

cuffing, tissue infiltration by mononuclear cells, T lymphocytes or 

macrophages. There is a substantial loss of myelin sheaths and a clear 

symptom of astrocyte growth (gliosis). It seems that at the initial 

state of demyelination there is also oligodendrocyte proliferation 

(Hauser, 1994 ). About 35% of MS patients present no clinicat signs 

and diagnosis of the disease is only possible at autopsy (Hauser, 1994). 

The symptoms of the disease vary from patient to patient. The first 

symptoms are either very rnild, with no need to consult a physician, or 

very severe. Sorne of these include weakness in the lirnbs, visual 

blurring, sensory disturbances, diplopia, ataxia, and loss of dexterity. 

Three classes of disease have been identified: relapsing

remitting MS, where the patient experiences recurrent attacks during 

short or extended periods of time, followed by complete, partial or no 

recovery; chronic progressive MS, where the patient undergoes a 

graduai progressive worsening forrn of the disease, the patient may 

also have sorne acute relapsing attacks; and benign MS, where the 

patient presents a fixed neurologie deficit thar can vary in magnitude 

(Hauser, 1994 ). 
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2.2 Demographie and geographical data 

Even though multiple sclerosis has been detected in different 

areas of the globe, it seems to follow a definite geographical pattern. 

Epidemiological studies show that the disease follows a North-South 

gradient in the Northern Hemisphere, with higher incidence further 

from the equator (Kurtzke, 1980). There is aJso a clearly increased 

risk of women developing MS, with a two fold preponderance in 

women (Duquette et al., 1992). The disease shows a higher prevalence 

m sorne races: it has a high incidence in Caucasians, is extremely rare 

m Japan, and is unknown in black Africa (Ebers and Sadovnick, 1993). 

The highest prevalence was detected in the Orkney islands, north of 

Scotland, wirh a ratio of 250/100,000 (1 in 400). Multiple sclerosis is 

not seen in early childhood. The disease manifests itself in patients 20 

to 50 years-old, with the highest onset at about 30 years of age. 

2.3 Genetics 

The results of epidemiological studies determining that specifie 

ethnie groups where at higher risk suggest that a genetic factor could 

be involved in the etiology of multiple sclerosis. It has been reported 

that major histocompatibility alleles A3, 87, DR2, and DW2 on 

chromosome 6 are frequently found in white Caucasian MS patients 

(Oger et al., 1987). Other alleles like DR15, and DQ6 have also been 

reported as high risk (Hillert and Olerup, 1993). On the other hand 
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alleles A2, B 12, DR7. and DW7 are infrequently fou nd in MS (Oger et 

al.. 1987). It is generally accepted th at the disease susceptibility trait 

is in the HLA-DR-DQ subregion. Other genetic traits have been linked 

to MS, such as the S and SS allotype of properdine (Stewart et al. , 

1979), and sorne Gm allotypes of IgG (Salier et al.. 1981 ). 

Family studies have also provided interesting data. Children of 

MS patients have 1% more probability of . getting the disease, and this 

percentage is increased to 3% among brothers and sisters (Sadovnick 

and MacLeod, 1981 ). Twin studies revealed th at monozygote twins 

are 25% and dizygote twin are 8% more likely to develop the illness. 

These values are Jess than would be expected of a typical hereditary 

disease (McKay and Myrianthoroulos, 1966). 

2.4 Environmental hypothesis 

The geographie distribution of MS has led many scientists to 

postulate why people are more susceptible to the disease in specifie 

areas. Besides the possible genetic component mentioned above, it has 

been established that people who migrate from a high to low risk area 

after late adolescence are still at high risk (Alter et al., 1966a; Alter et 

a 1 ., 1966b; Dean and Kurtzke, 1971; Kurtzke, 1991 ). A very 

interesting, extensive study in the Faroe islands clearly showed this 

"transmission" of the disease. Multiple sclerosis was undocumented in 

the islands prior to World War II. Contact with mainland Europe was 

limited until the end of World War II, when British troops arrived in 
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the islands to establish a military base. Interestingly, after the war, 

and up to twenty years later, an epidemie of MS was observed 

(Kurtzke and Hyllested, 1986). This strongly suggests that the British 

troops brought with them an environmental agent that causes multiple 

sclerosis. 

2.5 Other viruses implicated in I\1S 

It is now generally accepted that an environmental agent like an 

infectious pathogen could be linked to the development of MS. Among 

these infectious agents, viruses are important candidates. Not only do 

data in humans support this idea but there are weil described 

demyelinating diseases caused by viruses in animais as well (e.g. 

coronavirus (Wang, et al., 1990), and Theiler's virus (Welsh et al., 

1990) in mice and Yisna virus (Panitch et al., 1976) in sheep. Yiruses 

are also known to cause illnesses m the central nervous system of 

humans. For example, measles virus causes subacute sclerosing 

panencephalitis (SSPE) (Swoveland, 1991 ), JC virus causes multifocal 

leukoencephalopathy (Sweeny et al., 1993), and HTLV -I induces 

tropical spastic paraparesis/HTL V-I associated myelopathy (TSP

HAM) (Rodgers-Johnson, 1 994). The viral hypothesis is also supported 

by the fact that many studies revealed high antiviral antibodies titers 

in the sera and cerebrospinal fluid of MS patients, suggesting a viral 

infection of the central nervous system (Salmi et al., 1982; Allen and 

Brankin, 1993; Sindic et al., 1994; Conrad et al., 1994 ). Severa! studies 



2 1 

have been designed to identify candidate viruses. Viral isolation or 

detection experiments have been performed for severa! viruses. 

2.5.1 l\1easles virus 

An association of measles v1rus to a neurological pathology was 

reported in 1972 when an unusual subacute encephalitis in an infant 

seemed to be caused by this virus (Bell et al., 1972). Viral sequences 

have been detected in brain sections of MS and SSPE patients by in 

situ hybridization (Haase et al., 1981a; Haase et al., 198Ib), by dot blot 

hybridization (Dowling et al., 1986), and by PCR (Godee et al., 1990). 

2.5.2 Epstein-Barr virus (EBV) 

An epidemiological study of 214 MS patients measured how the 

relative risk of developing MS correlated with EBV-induced infectious 

mononucleosis. It was found that patients that had infectious 

mononucleosis showed a 2.9 fold increased risk for MS and patients 

who were infected be fore the age of 18 years had a 7.9 fold increased 

risk of developing MS, suggesting a possible age-dependent host 

response to the virus (Martyn et al., 1993 ). High an ti body titers for 

EBV have also been found in serological studies of MS patients (Haahr 

et al., 1994). However, a study using brain sections of 10 MS patients 

failed to detect EBV RNA using in situ hybridization (Hilton et al., 

1994). 
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2.5.3 JC virus 

An extrapolation was proposed from an animal model of 

progressive multifocal leukoencephalopathy caused by the JC 

polyomavirus to human multiple sclerosis. It was suggested that the 

virus is latent in human brains and the antigens produced induce an 

aberrant immune response in the host (Stoner, 1993). However, JC 

viral genomic sequences could not be detected in brain tissues of MS 

patients (Buckle et al., 1992), and there was no evidence of JC virus 

infection of MS patients (Boerman et al., 1993). 

2.5.4 Cytomegalovirus (CMV) 

Cytomegalovirus was isolated from the brain and lymph node of 

a chimpanzee with acute demyelinating disease. The disease occurred 

more than three years after intracerebral inoculation of brain cells 

from a MS patient. In order to isolate the virus, severa! passages in 

cell culture had to be assessed. This suggested that the virus was 

present in the brain of the animal in a latent form. This was then 

corroborated when similar studies were performed in asymptomatic 

chimpanzees in the colony of origin, and it was established that they 

were also CMV carriers (Wroblewska et al., 1979). 
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2.5.5 Hu man lymphotropic virus type 1 (HTL V -1) 

This virus has been studied extensively in conjunction with MS. 

Several research groups have reported contradictory data in looking at 

HTL V -1 genome in peripheral blood ce Ils or in brains of MS patients 

(Reddy et al., 1989; Ok sen berg et al., 1990; Myhr et al., 1994; Kira e 1 

al., 1994). 

2.5.6 Retrovirus 

Reverse transcriptase activity was detected in cultures of cells 

obtained from lumbar-punctured cerebrospinal fluid from an MS 

patient (Perron et al., 1989), and in long-term peripheral blood 

mononuclear cells of patients (Hollsberg et al., 1989). However, a PCR 

study reported that it was not possible to detect retroviral sequences 

in brain capillaries, brain tissue and peripheral blood mononuclear 

cells from MS patients (Rasmussen and Claussen, 1992). A recent 

study reported the presence of retroviral particles, using electron 

microscopy, In long-term cultures of cerebrospinal fluid and 

peripheral blood mononuclear ceJJs of MS patients (Haar et al., 1994 ). 
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2.5. 7 Herpes simplex vi ruses (HSV) 

This virus has repeatedly being linked to MS because a high 

percentage of the population is Iatently infected before adolescence 

but there is still no evidence of its implication in MS. A study using 

PCR to amplify the HSV genome in brain samples of 77 MS patients 

showed th at only one was positive for HSV -1, and none was positive 

for HSV -2 (Ni coll et al., 1992). 

2.5.8 Other viruses 

Other viruses such as tick-borne encephalitis v1rus (Vagabov et 

a 1., 1982), rabies virus, scrapie, and parainfluenza virus 1 (Johnson, 

1985) have been isolated from MS patients. Other reports show no 

detection of spumavirus, oncoviruses (Svenningsson et al., 1992), and 

canine distemper virus (Cosby et al., 1989) in MS patients. Serum 

an ti bodies also failed to recognize HIV -1, HIV -2 and, simian 

immunodefiency virus (SIV), (Brokstad et al., 1994). 

3. Coronaviruses and multiple sclerosis 

3.1 HCV found in 1\1S patients 

The first report linking coronav1ruses to MS was published in 

1976. Coronavirus-like particles were detected by electron 

microscopy in a brain sample extracted at autopsy from a plaque near 
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the white matter of an MS patient (Tanaka et al.. 1976). Even though 

there was no immunological information or virus isolation, the finding 

opened a new door in the viral etiology of MS. Four years later, two 

coronaviruses were isolated from MS patients (Burks et al., 1980). 

Brain homogenates from patients were cultured in suckling mice and 

in in vitro cell cultures known to be sensitive to coronavirus infection. 

Coronaviruses S.O. and S.K. were isolated from two MS patients. This 

was the first report of a coronavirus present in the human CNS. 

The S.D. and S.K. strains were subsequently inoculated into mice. 

S.K. did not cause disease in inoculated animais, but S.D. proved to be 

lethal. Brain homogenates were infectious upon inoculation of other 

mtce. However, it was not certain that these coronavirus strains were 

human, especially because they could only be cultured in murine cell 

Iines. They also show striking genomic identity to murine coronavirus 

(Gerd es et al., 1981 ). It is important to remember th at hu man 

coronaviruses are difficult to culture in human cell lines and m fact 

OC43 failed to be cultured In the human lines tested with S.O. and S.K. 

The cultures were sampled by electron microscopy and by antibody 

testing and it was suggested that the viruses were not munne 

hepatitis virus (MHV). Further testing of the serum and spinal fluid of 

the patients revealed that antibodies against S.K. were present in the 

cerebrospinal fluid of both patients. The serum antibody 

concentrations against the respective isolates were elevated in the 

patient from whom the isolate was obtained. Antibodies to S.K. were 

found in 97% of MS patients and in 85% of the normal controls (Burks 



26 

et al., 1980). The two strains were then compared to other 

coronaviruses and it was determined that S.K. and S.D. cross react with 

HCV -OC43 but not with HCV -229E, MHV -A59 or MHV -JHM in a plaque 

neutralization assay. Both strains cross react by immunoprecipitation 

to HCV -OC43 and MHV -A59, suggesting a possible relatedness of these 

strains (Gerdes et al., 1981 ). 

Serologie studies on MS patients support the hypothesis of the 

implication of the virus in the etiology of this illness. One study 

showed a significant difference of anti-coronavirus antibody titers in 

the cerebrospinal fluid between MS patients and controls (Salmi et al., 

1982). On the other hand, the analysis of sera showed no significant 

difference between patients and contrais. Similar findings with sera 

were already published by Madden et al., (Madden et al., 1981) and 

were Iater corroborated by a study with a large number of patients 

(Hovanec and Flanagan, 1983 ). 

Further studies on detection of coronavirus RNA in the brain of 

MS patients were pursued. A first study failed to detect OC43 RNA in 

tissues from autopsies of 4 MS patients and in biopsies from one MS 

patient, using a eDNA probe and classical hybridization (Sorensen et 

al., 1986). Murine-like coronavirus RNA was found in 11 out of 21 MS 

patients, and in 2 out of 21 controls (16 with non-neurologicaJ disease 

and 5 with other neurological diseases) using a S.D. coronavirus eDNA 

probe in in situ hybridization (ISH). The results were similar upon 

reassessment with a MHV -A 59 eDNA probe. 
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A study was then done usmg eDNA probes from different species 

of coronavirus to determine which virus was present in positive 

patient samples. Samples were also tested on 9 extra negative control 

patients. Ail of the MS patients were positive for S.D., and the controls 

were negative; 5 out of 12 MS patients were positive for OC43, and the 

con trois were negative. There was no positive results for HCV -229E 

(Murray et al., 1990; 1992b). The negative results with HCV -229E 

were not surprising since the samples were screened with a eDNA 

probe of corona virus S .D. which has been established to be unrelated 

to 229E. Another study used brain samples from autopsies of !\.-1S 

patients, neurologie controls and normal subjects. The RNA was 

extracted from white and gray matter and RT-PCR was performed for 

229E and OC43. The results revealed the presence of 229E RNA in 4 

out of Il MS patients, and not in the 11 controls. There were no 

positive results for OC43 (Stewart et al., 1992). 

3.2 Infection of mice with HCV 

Human coronavirus OC43 was lethal when inoculated 

intracerebrally or extraneurally into sucling CD 1 mice. Resistance to 

infection was observed with increasing age of the animal. Animais 

greater than 20 days-old were not susceptible to disease after 

intracerebral inoculation. Transfer of immune or non-immune spleen 

cells from resistant animais did not protect newborn animais from 

OC43 infection (Pearson and Mi ms, 1983 ). 
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3.3 Infection of primates with HCV 

Sorne in vivo tests have been conducted in primates. Owl and 

African green monkeys (different species) were inoculated 

intracerebrally with the coronavirus S.D. strain, an MS isolate. The 

monkeys were susceptible to infection, and showed a subacute 

panencephalitis. Brain autopsies showed focal areas of demyelination 

and pathological signs of neurological disease. Viral RNA was detected 

by ISH in certain areas of the brain (depending on the species), but 

viral antigen could not be detected (~1urray et al., 1992a). 

3.4 Infection of human neural continuous cell lines with 

HCV 

Two cell lines, human rhabdomyosarcoma (RD) and human 

glioblastoma (U-87 MG) can be infected with OC43. At 28 days post

infection, infectious v1rus and hemagglutinating activity were 

observed in both cell Iines (Collins and Sorensen, 1986). Other studies 

of infection of continuous cell lines by human coronaviruses used the 

229E strain. The Ll32 hum an embryonic Jung cell li ne, SK-N -SH 

neuroblastoma cell tine; H4 neuroglioma cell line; U-87 MG and U-373 

MG astrocytoma cell lines, and M03.13 immortalized human 

oligodendrocytes cell Ii ne were ali infectable by HCV -229E, as shown 

by immunofluorescence detection of viral antigen using a monoclonal 

an ti body (Talbot et al., 1994 ), as weil as by detection of infectious 
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viral particles (Talbot, persona! communication). Similar results have 

now been obtained with the OC43 strain of HCV (Talbot, persona! 

communication) . 

3.5 Infection of primary CNS cells with HCV 

Primary cultures of neural mou se ce Ils were infected with HCV

OC43. Using double immunofluorescence, it was determined that 

oJigodendrocytes and Schwann cells were not infectable. The same 

technique revealed that astrocytes, neurons and fibroblasts were 

infectable but no cytopathic effects were observed. The only cell type 

that produced infectious virus was the neuron. A primary human 

embryo brain cell culture was also infected with the virus and 

immunofluorescence revealed that astrocytes were infectable. No 

cytopathic effects were observed, and no infectious virus was present. 

(Pearson and Mims, 1985). 

3.6 Infection of primary human CNS with other viruses 

Thwo studies have reported in vitro viral infections of human 

fetal cell cultures. The first study using double immunofluorescence, 

showed that astrocytes and fibroblasts, but not neurons, were 

infecta ble by Herpes simplex virus, types 1 and 2 (Kennedy et al., 

1983). The second study showed that microglia, but not astrocytes, 

were infectable and could produce infectious virus after infection with 

hu man immunodeficiency virus type 1 (HIV -1) (Lee et al., 1993). A 
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related study described the infection of an adult human brain cell 

culture (AHB) with JC virus and the detection by double 

immunofluorescence of infected astrocytes and fibroblasts 

(Wroblewska et al., 1982). Similar experiments were performed with 

HIV -1 and HIV -2 (B rynmor et al., 1990) where they demonstrated 

th at only one strain of HIV -1 adapted to a macrophage cell li ne could 

productively infect microglia, inducing cytophatic effects. Another 

report showed infection with HTLV -I In astrocytes and 

oligodendrocytes in a mixed glial cell culture (Watabe et al., 1989). It 

is important to note that ali these studies, including the one performed 

with HCV, used a mixed population cell culture system. This is an 

important issue when interpreting infectious virus titers because you 

cannot predict \vhich cel! type produced them. Also in sorne reports 

no negative controls were provided. There is only two reports where 

primary adult human enriched neural cells have been infected in vitro 

The first one was a study with HIV -1 (Sharpless et al., 1992), wh ere 

astrocytes, oligodendrocytes and microglia cell cultures were infected 

with HIV -1, the only susceptible cells were the microglia, suggesting a 

restricted tropism for HIV -1. Similarly enriched oligodendrocytes, 

microglia and a mixture of microglia and astrocytes were infected with 

HTL V-I founding th at only microglia were infectable (Hoff man et al., 

1992). Is interest to note that the results with astrocytes and 

oligodendrocytes do not match Watabe' s previous study with mixed 

cultures. 



l\-1ATERIALS AND METHODS 



1. Primary cultures of cells from human brain 

Primary cultures of cell mixtures or enriched preparations of 

oligodendrocytes, astrocytes and microglia from human brain tissue 

were provided by Dr. Voon Wee Yong (Montreal Neurological Institute, 

Mc Gill University, Montreal, Que bec, Canada). Cells were obtained 

from brain biopsies performed on epileptic patients m an attempt to 

ameliorate an intractable form of the disease. Cells were then put m 

culture in Dr. Yong's laboratory follov.··ing his own protocol (Yong and 

Antel, 1992). Brain tissue extracted either en bloc or by CavitronTM 

ultrasonic aspiration were washed in phosphate buffered saline (PB S). 

Tissue was diced with scalpels and \vashed a few times in PBS. The 

tissue was th en trypsi nized in 0.25% (w/v) trypsin with 50 Il g 1 rn 1 

DNase in a water bath at 37°C on a magnetic plate. After 30 min. to 1 

hr the solution was passed through a Büchner funnel nylon mesh, and 

1 ml of fetal bovine serum (FBS) was added to inactivate the trypsin; 

PBS was added to recover the cells trapped in the mesh. The filtrate 

was then centrifuged at 1,200 rpm for 10 mm. The supernatant was 

discarded, leaving 2 ml to resuspend the pellet. Phosphate buffered 

saline was added, and the solution was transferred to a 40 ml 

polycarbonate tube with 9 ml of PercolJ to obtain a 30% (v/v) final 

concentration. The tube was then centrifuged at 15,000 rpm for 30 

min. The viable cell layer was transferred to a 50 ml plastic tube and 

diluted with PBS. The ce lis were recentrifuged at 2,000 rpm for 10 

mm. The supernatant was discarded, leaving 1 ml to resuspend the 

pellet. Dulbecco's modified Eagle medium (DMEM) was added to a final 
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volume of 45 ml and centrifuged at 1,000 rpm for 10 min. The 

supernatant was discarded, leaving 1 ml to resuspend the pellet. 

Culture medium was added to bring up the volume to 25 ml and 

centrifuged at 600 rpm for 10 mm. This last procedure was 

performed twice. The cells were resuspended at a concentration of 

2x 106 to 4xt06 cells/ml and plated onto 10 J..Lg/ml poly-L-lysine 

coated coverslips or Falcon flasks in feeding medium; DMEM high 

glucose (Gibco, Grand Island, New York, USA) supplemented with 5% 

(v/v) FBS (Gibco), and 10 J..Lg/ml gentamicin (Gibco). The cells were 

incubated in a humidified incuba tor at 37°C and 5% (v/v) C02. Due to 

the age of the patients (mostly adults), neurons did not survive the 

procedure. Therefore, neuron preparations were obtained from brain 

tissue samples from therapeutic abortions. Fetal cultures were 

performed as described by Yong V W et al., (1 992). These procedures 

have official approval from the Human Ethics Committee. After 

transportation to our laboratory, ali cells were kept in culture in glass 

or plastic poly-L-lysine coated micro dises or 16 weil Lab-Tek® dishes 

(Nunc Inc., Naperville, Illinois, USA). The culture medium used was 

DMEM high clucose (Gibco) supplemented with 5% (v/v) FBS (Gibco), 

and 10 J..Lg/ml gentamicin (Gibco). Incubation was at 37 °C and 5% 

(v/v) co2 in a humidified chamber incubator. 
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2. Continuous cell lines 

Human coronavirus 229E stocks were grown and tested in a 

human embryonic lung cell line, L132, from the American Type 

Culture Collection (ATTC), Rockville, Maryland, USA. Human 

coronavirus OC43 stocks were grown and tested in a human colorectal 

adenocarcinoma cell li ne (HRT -18). This cell tine was graciously 

provided by Dr. David Brian (Department of Microbiology, University 

of Tennessee, Knoxville, Tennessee, USA). Both cell lines were kept in 

culture in MEM Earle: M199 Hanks (1:1, v/v) media supplemented 

with 10% (v/v) FBS (Gibco), 50 /lg/ml gentamicin (Gibco) and 0.13% 

(w/v) of sodium bicarbonate (Gibco, Grand Island, New York, USA) in a 

humidified chamber incubator at 37°C and 5% (v/v) co2. 

A non-secreting mouse myeloma cell line, P3X653-AG8.653 

(ATCC) was used as a fusion panner for the production of hybridomas 

by cell fusion. This cell line was kept in culture m RPMI 1640 (Gibco) 

supplemented with 2.5 jlg/ml Fungizone (Gibco), 1 mM ME:\1 sodium 

pyruvate (Gibco) and 50 llg/ml gentamicin (Gibco). Cells were kept m 

culture in a humidified chamber incubator at 37°C and 5% (v/v) co2. 
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3. Yirus 

Both virus strains HCV -229E and HCV -OC43 were obtained from 

the ATCC. The third passage of HCV -229E (P3, 19-01-94) in 

susceptible ce li li ne L 132, and the fourth passage of HCV -OC43 (P4, 

21-04-94) in susceptible cell line HRT-18 from the laboratory stocks 

stored at -90 °C were used for ali experiments described herein. The 

titer of the P3 stock of HCV-229E was 5.5xi05 TCIDso/ml or 2.lx106 

PFU/ml and the ti ter of the P4 stock of HCV -OC43 was 5.15x 1 os 

TCIDso/ml or 3.6xi05 PFU/ml. 

4. Prod uct ion and pu rifi cati on of HCV -OC 43 

Petri dishes, 150x20 mm (Nunc, Roskilde, Denmark), were 

seeded with 50 ml of a 75,000 cells/ml suspension of HRT-18 cells in 

MEM Earle : Ml99 Hanks medium (1: 1; v/v) supplemented with 10% 

(v/v) FBS (Gibco), 50 Jlg/ml gentamicin (Gibco) and 0.13% (w/v) 

sodium bicarbonate (Gibco). After 4 days of incubation at 37°C, in a 

humidified incubator containing 5% (v/v) C02 (at which time the cells 

were at about 80% confluence), the growth medium was removed and 

replaced with 3 ml of an inoculum containing l/10 (v/v) OC43 (MOI of 

0.02). and l/500 (v/v) TPCK-trypsin (Sigma, St. Louis, Missouri, USA) 

(10 U/ml) in cell growth medium. The Petri dishes were gently 

shaken manually every 10 mm. for about 2 hrs to en sure proper 

contact of the cell layer with the viral inoculum. Two hours later, 12 
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ml of growth medium was added and the cells were incubated at 33°C, 

5% {v/v) C02 in a humidified chamber incubator for 4 days. The 

supernatant was collected and centrifuged for 20 min. at 10,000 x g. 

The supernatant was brought to a final concentration of 0.5 M NaCl 

(Anachemia, Montreal, Quebec, Canada) and 10% {w/v) PEG-8000 

(Sigma, St. Louis, Missouri, USA). The solution was placed on a 

magne tic plate and stirred overnight at 4 °C. The solution was th en 

centrifuged at 10,000 x g for 30 min. at 4°C and the pellet was 

resuspended in TMEN, pH 6.2 to a final volume of between 1/100 and 

1/50 of the initial volume. The TMEN buffer contained 0.05 M Tris

base (Boehringer Mannheim, Laval, Quebec, Canada), 0.58% {w/v) 

maleic acid (Sigma), 0.038% (w/v) EDTA (Sigma), 0.58% (w/v) NaCl 

(Anachemia), with the pH adjusted to 6.2 with 5 M NaOH. The virus 

was purified on a Nycodenz® (Nycomed, Oslo, Norway) discontinuous 

gradient prepared by adding 3 ml of 50% (w/v) Nycodenz® in TMEN, 

pH 6.2 and 28.5 ml of 10% (w/v) Nycodenz® in T!\.·ŒN, pH 6.2 solution 

in a Beckman "Ultra clear" 13x51 mm centrifuge tube (Beckman, Palo 

Alto, California, USA). The viral solution was layered on top of the 

gradient. The gradient was ultracentrifuged at 4 °C and at 83,000 x g 

for 4 hrs. The gradient was th en fractionated from the bottom ( 1 

ml/fraction) in a fraction collector. The viral sample was detected at 

the interface between the two Nycodenz® concentrations as a dense 

band. The fractions containing the viral sample were dialyzed against 

TMEN, pH 6.2. For further purification, a continuous gradient was 

prepared by stacking 2 ml of 50%, 40%, 30%, 20%, and 10% (w/v) 

Nycodenz® respectively in TMEN, pH 6.2. The viral solution was 
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layered on top, and the gradient was ultracentrifuged at 100,000 x g 

overnight (15 hrs). The gradient was fractionated into 500 J.d 

fractions. Again, a dense band containing virus was present. The 

fractions that contained it were collected and then analyzed by 

electron microscopy after negative staining. To achieve this, 50 JJ.l of 

1/2 dilution of every sample was centrifuged for 5 min. at 20 PSI in a 

Beckman Airfuge centrifuge tn conjunction with an electron 

microscopy grid. The grid was then immersed in a solution of 3% 

(w/v) phosphate tungsten acid (Mecalab, Montreal, Quebec, Canada) 

for 1 min., then dried at room temperature. The fractions containing 

the virus were dialyzed against TMEN, pH 6.2 and a protein assay was 

performed. 

S. Infection of cells 

Prior to ail infections, the virus inoculum was thawed in a 37°C 

water bath and sonicated for 30 seconds in a B-12 ultrasonic cleaner 

(Branson, Shelton, Connecticut, USA) to disintegrate possible clusters 

formed du ring freezing. Ce lis were inoculated in either in 60x 15 mm 

or lOOx 15 mm Petri dishes or in 16 weil Lab-Tek® dishes (Nunc). 

Petri dishes were used when cells were seeded in micro dises. The 

micro dises were carefully and sterilely transferred to the Petri dish 

and enough inoculum was added to cover the dises. In the Lab-Tek® 

dishes (Nunc), the culture medium was discarded and replaced with 

inoculum. An HCV -229E and HCV -OC43 inoculum of 1:9 {v/v) and 1:1 

(v/v), respectively, was prepared in DMEM (Gibco) supplemented with 
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5% (v/v) FBS (Gibco), 10 J.lg/ml gentamicin (Gibco). Incubation took 

place in a humidified chamber incubator for 2, 4 or 7 days at 37°C and 

5% (v/v) C02. Infections were performed at a multiplicity of infection 

(MOI) of 4 or 8 depending on the type of culture dish used. 

Vv: Viral volume (ml) 

MOI= Vv x Vt 
c 

Vt: Viral titer (PFU/ml) 

C: Number of cells 

6. Purification of antibody 

Protein A-Sepharose CL-4B or Protein G-Sepharose 4 Fast Flow 

(Pharmacia, Uppsala, Sweden) were used for column chromatography. 

A protein G column was an alternative when the protein A column 

failed to give a good yield of antibody. Protein A was used to purify 

anti-c-myc monoclonal antibody (mAb) and Protein G was used to 

purify antiviral mAb 4-E11.3 and mAb 5-11H.6. Ali solutions were 

stored at 4°C and ail procedures were performed in a cold room at 4°C. 

The beads were washed for 15 to 30 min. with the appropriate buffer; 

0.05 M Tris-HCl (Boehringer Mannheim) buffer, pH 8.5 for Protein A 

and 0.02 M phosphate buffer, pH 7.0 for Protein G. Monoclonal 

antibody stocks were derived from ascites fluids. In order to adjust 
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the pH, they were dialyzed against the buffer used to wash the beads. 

The antibody sample was centrifuged in a high speed centrifuge 

(Savant, Farmingdale, New York, USA) for 5 min. at 10,000 x g to avoid 

cell debris blocking the column. The supernatant was passed through 

the column and a 30 min. adsorption was allowed to let the antibodies 

bind properly to the beads. The column was then washed until the 

optical density of the effluent was back to zero indicating that ali 

undesirable proteins were rinsed off. 

eluted with 0.05 M citrate buffer, pH 

Bound antibodies were then 

3.0 for Protein A and 0.1 M 

glycine-HCI buffer, pH 2.7 for Protein G. The purified antibody was 

recovered with a fraction collector (Gilson, Middleton, \Visconsin, USA) . 

To each fraction, 100 J.l] of 2 M Tris-HCI (Boehringer Mannheim), pH 

8.5 buffer was added to restore a neutra] pH to avoid protein 

denaturation. For the same reason, the column was afterwards 

washed with a high pH buffer. If necessary, the recovered antibody 

solution was then concentrated m a disposable ultrafiltration 

Centriprep-100 deviee (Amicon, Beverly, Massachusetts, USA). By 

centrifuging at 700 x g for 30 min. the Centriprep-100 filter allows the 

free flow of ali molecules Jess than 100 kDa, leaving the 

immunoglobulins of 150-160 kDa trapped in a smaller volume. 
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7. Preparation of FCab'lz. fra~:ments of antjbody 

A solution of 1 mg/ml of pepsin (Sigma) was prepared in 0.1 M 

citrate buffer, pH 3.5. The Ab solution was then acidified to pH 3.5 

with 0.1 M citrate buffer, pH 3.0. After adding 0.031 mg of pepsin per 

mg of Ab, the solution was placed in a water bath at 37°C. The optimal 

digestion time was determined by a pilot experiment where samples 

where taken at timed intervals. The digestion was verified by 

differences in molecular mass between the whole antibody, 150-160 

kDa, and the F(ab')2 fragments, llO kDa, by resolution in a 12% 

polyacrylamide SOS (Bio-Rad) Coomasie blue stained gel with protein 

molecular mass standards (Pharmacia). The separating gel consisted 

of a solution of 25% (v/v) of 1.5 M Tris-HCI (Boehringer Mannheim), 

pH 8.8, 0.1% (w/v) SOS (Bio-Rad), 12% (w/v) acrylamide/Bis (Bio-Rad), 

0.05% (w/v) ammonium persulfate (Anachemia), 0.5% (v/v) TEMED 

(Bio-Rad). The stacking gel consisted of 25% (v/v) 0.5 M Tris-HCI 

(Boehringer Mannheim), pH 6.8, 0.1% (w/v) SDS (Bio-Rad), 3.9% (w/v) 

acrylamide/Bis, 0.05% (w/v) ammonium persulfate, 0.1% (v/v) TEMED. 

The gel was stained for 30 min. in 0.1% (w/v) Coomassie blue R-250 

(Bio-Rad), 40% (v/v) methanol, 10% (v/v) acetic acid and then 

destained with 40% (v/v) methanol, 10% (v/v) acetic acid. To purify 

the F(ab'h fragments the digest was then repassed through the protein 

A or protein G column. This time the F(ab')2 fragments were 

recovered m the wash while the Fe portions or the remaining 

undigested Abs bound to the column. The F(ab')2 fragments were then 
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concen trated in a Cen triprep-30 deviee (Amicon, Beverly, 

Massachusetts, USA) at 1,000 x g. Centriprep-30 fil ter allow molecules 

under 30 kDa to flow through, leaving the F(ab')2 fragments trapped in 

a smaller volume. 

8. Production of polyclonal antibody to HCV -OC43 

A Harkley guinea ptg was used for the production of an anti

OC43 polyclonal serum. The guinea ptg was bled prior to 

immunization in order to obtain pre-immune serum. The animal was 

immunized subcutaneously with 300 )lg of purified virus in a 1:1 

solution in complete Freund's adjuvant. The animal was challenged 4 

times, at 2 week intervals, with a subcutaneous injection of 300 )lg of 

semi-purified virus in a 1:1 solution in incomplete Freund's adjuvant. 

At each injection, the animal was bled to verify, by 

immunofluorescence, if the serum contained antibodies to OC43 and to 

determine if their concentration had reached a plateau. When the 

plateau was reached, the animal was bled out via a heart puncture to 

collect serum. 
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9. Production of monoclonal antibody to HCY·OC43 

A BALB/c mouse (Charles River, St. Constant, Quebec, Canada) 

was immunized intraperitoneally with 100 ~g of semipurified HCV

OC43 (see section 4) emulsified in 1:1 (v/v) complete Freund's 

adjuvant (Difco, Detroit, Michigan, USA). The mouse received 3 

subsequent booster injections. The first booster was with 100 ~g 

semipurified HCV -OC43 (see section 4) emulsified tn 1:1 (v/v) 

incomplete Freund's adjuvant (Difco) injected intraperitoneally 6 

months prior to the fusion. The last two boosts were 200 J..Lg of HCV

OC43 P4 (see section 3) by intravenous injection at 20 and 3 days 

prior to the fusion, respectively. Five days before the fusion the 653 

myeloma cell line (see section 2), was expanded. Expansion consisted 

in daily splitting of the cells at a 1:1 ratio with growth medium. A cell 

count was done to verify a cell survival rate of at least 90%. A cell 

solution of 1:1 in 0.1% (w/v) Trypan Blue (Sigma) was made and 

unstained viable cells were counted in a hemacytometer (Reichert, 

Buffalo, New York, USA). The mouse was bled from the retroorbital 

plexus with a heparinized capillary tube in order to save the plasma as 

a source of polyclonal an ti bodies against HCV -OC43. The mou se was 

sacrificed by cervical dislocation. The spleen was removed and teased 

in a Petri dish with 2.5 ml of RPMI until a homogenous single cell 

suspension was obtained. The solution was transferred to a 50 ml 

tube with 7.5 ml of RPMI. The Petri dish was rinsed with 2 ml of 

medium and this was added to the 50 ml tube. The whole solution 
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was filtered through a sterile gauze in a funnel. The filtrate was 

centrifuged at 100 x g (100 rpm, Beckman GS-6R) for 10 min. The 

supernatant was discarded and the peJJet resuspended m 1.5 ml of 

cold erythrocyte lysis buffer, containing 0.83% {w/v) ammonium 

chloride (Anachemia), and 1% (w/v) HEPES (Gibco), pH 7.6-7.8 

(adjusted with HCl or NaOH), and filtered through a 0.22 J.Lm Millex-GV 

deviee (Millipore, Bedford, Massachusetts, USA). After 10 min. of 

incubation on ice, 5 ml of RPMI were added, and the solution was 

transferred to a second 50 ml tube containing 2 ml of FBS and 

centrifuged at 100 x g for 10 min. The supernatant was discarded and 

the pellet resuspended in 10 ml of RPMI (Gibco) containing 10% (v/v) 

FBS (Gibco), and 20 mM HEPES (Gibco). The solution was placed in a 

1 OOx 15 mm sterile Petri dish and le ft for 30 min. at 37°C to allow 

adsorption of macrophages and fibroblasts to the plastic. The 

supernatant was recovered and the Petri dish carefully washed twice 

with 5 ml of RPMI. The \vashes were combined with the supernatant 

the ce lis were pelleted at 100 x g for 10 min. The supernatant was 

discarded and the pellet resuspended in 5 ml of RPMI. The cells were 

rinsed two times m this manner. After being resuspended, the cells 

were counted in a hemacytometer. A volume of 0.06 ml of the 

suspension of spleen cells were kept on 1ce m a tube containing 0.94 

ml of RPMI (Gibco)-HAT supplemented with 20% {v/v) FBS (Gibco). 

RPMI (Gibco)-HAT is RPMI (Gibco) with 100 J.LM hypoxanthine (Sigma), 

0.4 J.LM aminopterin (Sigma) and 16 J.LM thymidine (Sigma). In parallel 

with the last two centrifugations mentioned above, the 653 cens were 

simultaneously centrifuged under the same conditions. A volume of 1 
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ml containing 2.4x 1 os cells m RPMI (Gibco)-HAT with 20% (v/v) FBS 

(Gibco) was kept on ice. In a 50 ml tube the spleen cells were 

combined with the myeloma cells at a 5:1 ratio. The solution was 

centrifuged at 100 x g for 7 min. The supernatant was discarded, 

leaving approximately 0.1 ml of medium in the tube to resuspend the 

pellet. During the next 45 seconds, 0.5 ml of 50% (w/v) PEG-8000 

dissolved in RPMI was added dropwise. At the end of the first minute 

the tube was agitated very slowly in a circular motion for 15 seconds. 

The solution was Ieft for 1 min., and 17.5 ml of RPMI was added 

dropwise in three consecutive steps while agitating the tube; 0.5 ml in 

one min., 2 ml In 1 min. and 15 ml in 3 min. The solution was 

centrifuged twice at 100 x g for 7 min., the supernatant was discarded, 

the pellet was resuspended in the vol ume le ft after decantation, and 

10 ml of RPMI (Gibco)-HAT with 20% (v/v) FBS (Gibco) was added. 

The solution was split in two and transferred to a 50 ml tube with 20 

ml of RPMI (Gibco)-HAT with 20% (v/v) FBS (Gibco). 13-

mercaptoethanol (Bio-Rad) was added to one of the tubes to reach a 

final concentration of 50 mM. Each solution was sterilely and evenly 

distributed with a micro pipette in a 96-well plate (Flow, McLean, 

Virginia, USA) (100 ~l in each weil). For controls, spleen and myeloma 

cells were also plated. Plates were placed tn an incubator with 

humidified atmosphere at 37°C, 7% (v/v) C02. Four days later, 100 ~1 

of RPMI (Gibco)-HAT with 20% (v/v) FBS (Gibco) were added. Twice a 

week, hybridomas were nourished taking away half of the 

supernatant and replacing it with new medium. After 3 weeks, the 

medium was changed to RPMI (Gibco) with 20% (v/v) FBS (Gibco). 
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Hybridomas were then tested for antiviral antibodies in a single 

immunofluorescence (see section 10). The hybridoma was cloned if 

positive for HCV -OC43. To clone, a Ii mi ting dilution was performed 

and plated a 96-well plate (Flow) one third of which contained 3 cells 

per weil, 1 cell per weil, or 0.3 cell per weil, respectively. The single 

clones obtained were then retested in single immunofluorescence (see 

section 10). If positive, they were centrifuged at 200 x g for 7 min. 

The pellet was resuspended in cold RPMI (Gibco) containing 20% (v/v) 

FBS (Gibco) and 10% {v/v) dimethyl sulfoxide (Sigma) to reach a final 

concentration of 1.5-4x 106 cells/ml. The solution was aliquoted in 1.5 

ml tubes and kept at -20°C for 6 hrs. Then kept at -70°C for 24 hrs 

and finally placed in liquid nitrogen for storage. 

10. Sin2le immunofluorescence <SIFl 

The goal of the single indirect immunofluorescence was to detect 

viral antigens in an infected cell. Cells (infected or not) were fixed in 

70% (v/v) ethanol for 15 min. at room temperature. The primary 

antibody (anti-virus or control), was added to the fixed cells and 

incubated in a humidified chamber at room temperature for 45 min. 

Three washes in PBS followed the incubation. A fluorescein

conjugated antibody against the same animal species from which the 

primary antibody was obtained, was then added to the monolayer and 

incubated for 45 min. m the same conditions. After 3 washes in PBS, 

the slides were mounted with Gelvatol and stored at -20°C. Gelvatol 

was prepared by mixing 4 g of glycerol with 2 g of polyvinylalcohol 
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(Sigma), the solution was left at room temperature for 15 to 20 min. 

Fourteen ml of 0.1 M Tris-HCl (Boehringer Mannheim), pH 8.0-8.3 was 

added and the solution was placed on a magnetic stirrer and allowed 

to mix weil for 10 min. The solution was then incubated at 37°C for 20 

to 24 hrs. After incubation it was centrifuged at 3,000 rpm for 20 

min. The supernatant (Gelvatol) was recovered and kept at 4°C. Slides 

were examined under ultraviolet light with a Reichert 

immunofluorescence microscope at a magnification of 250 times, using 

fluorescein and rhodamine filters. 

11. Double immunofluorescence (DIF} 

The goal of the double immunofluorescence was to obtain 

simultaneous staining of a viral antigen and a cellular marker in arder 

to detect the infectability of a particular type of human neural cell. 

Cells (infected or not) were fixed in 70% (v/v) ethanol for 15 

mm. at room temperature. The primary antibody (anti-virus or 

control), was added to the fixed cells and incubated in a humidified 

chamber at room temperature for 45 min. Three washes in PBS 

followed the incubation. A fluorescein-conjugated antibody against 

the same animal species from which the primary antibody was 

obtained was theo added to the monolayer and incubated for 45 min. 

at the same conditions. After 3 washes in PBS the antibody to the 

appropriate cell marker \\'JS added to the monolayer and incubated 

for 45 min. After 3 washes in PBS, the rhodamine-conjugated 
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antibody against the same animal species in which the antibody to the 

cell marker was produced, was added and incubated for 45 min. After 

three more washes in PBS, Hoechst dye 10 mg/ml in the form of 

Nuclear Yellow was added and incubated for 20 min. After three more 

washes in PBS, and one wash in double distilled and deionized water 

the cell slides were mounted in Gelvatol (see above) and kept at -20°C, 

until they could be examined for fluorescence. 

If the cell marker antibody required live cells for staining, the 

fixation step was omitted and the anti-marker antibody incubation 

was done first. After incubation with the appropriate fluorochrome

conjugated antibody against the animal species in which the antibody 

to the marker was obtained, the cells were fixed and a SIF for the 

virus was performed. The animal species in which the antiviral and 

cell marker antibody were produced, were different in order to avoid 

recognition of both antibodies by the fluorochrome-conjugated 

antibody. Preliminary experiments were also performed to make sure 

that there were no inter-species cross-reactivities of the 

fluorochrome-conjugated antibodies. Three types of contrais were 

used. The first was a DIF with non-infected cells to verify virus-free 

samples. The second was a replacement of the antiviral antibody with 

the antibody dilution buffer in order to detect overlap in the 

wavelengths of the fluorescein and rhodamine fluorochromes. The 

third control was a substitution of the antiviral antibody with an 

isotypic control in the case of a mAb or by a pre-immune serum in the 
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case of a polyclonal antibody. This was to verify that there was no 

non-specifie binding of antibodies to the cells. 

12 Antibodies ysed in jmmunofluorescence 

To detect HCV-229E, we used a mouse mAb (5-11H.6), directed 

against the S protein and a rabbit polyclonal antibody. The mouse 

an ti body was produced in our laboratory and was of the IgG 1 isotype, 

the polyclonal antibody was graciously provided by Dr. Serge Dea, 

Institut Armand-Frappier, Laval, Que bec, Canada. To detect HCV

OC43, we used three different antibodies. The first one was a mouse 

mAb (4-Ell.3) of the IgGl isotype, directed against the N protein of 

HEV. There is a high homology between the N protein of HEV and 

OC43 and the antibody shows cross-reactivity with the human virus 

antigen in infected cells. The second was a rabbit polyclonal 

antibody. Both antibody were graciously provided by Dr. Serge Dea. 

The third antibody was a guinea pig polyclonal antibody produced in 

our la bora tory. Ail antiviral an ti bodies could be used on fixed ce Ils. 

In order to stain a specifie cell type we used antibodies to specifie cell 

markers. To detect astrocytes, we used a rabbit anti-cow glial 

fibrillary acidic protein (GFAP) that reacts strongly with human GFAP 

in fixed cells. The antibody was obtained from DAKO, Carpinteria, 

California, USA. For oligodendrocytes we used two markers. The first 

was a mouse mAb, of the IgG3 isotype, against galactocerebroside 

(H8H9). Monoclonal antibody H8H9 had to be used on live cells. The 

second was an affinity purified rabbit polyclonal antibody against 
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cyclic nucleotide phosphodiesterase (CNP) that recognizes CNPI and 

CNP2 in fixed cells. It was graciously provided by Dr. Peter Braun, 

McGill University, Montreal, Quebec, Canada. To detect microglial cells, 

we used three antibodies. The first was mouse mAb Leu-M5 used on 

fixed cells. It is specifie for the alpha subunit of the CDllc 

heterodimer present on monocytes, granulocytes and natural killer 

cells. It could be used on fixed cells and was of the IgG2b isotype. 

The second was a mouse mAb against lymphocyte function antigen 

(LFA). It recognized the CD Il c marker on fixed cells and was of the 

IgG 1 isotype. It was obtained from Boehringer Mannheim. The third 

was a mouse mAb against the CD68 marker of macrophage (KPI) that 

stained fixed ce Ils and was of the IgG 1 isotype. To detect neurons we 

used a rabbit anti-bovine neuron specifie enolase (NSE) that 

recognized the alpha-subunit of this enzyme expressed primarily m 

neurons. It was obtained from DAKO. It stained fixed cells and was of 

the IgG 1 isotype. As a nuclear marker we used Nuclear Yellow (NY). 

Ail antibodies, unless specified, were graciously provided by Dr. Voon 

Wee Yong. Five fluorochrome-conjugated antibodies were used as 

secondary antibodies. The first one was fluorescein-conjugated goat 

F( ab' )2 fragments to guinea pig IgG (FITCgp) (Organ on Teknika 

Corporation, Durham, North Carolina, USA). The second was 

fluorescein-conjugated goat affinity purified F(ab'h fragments to 

mouse IgG (FITCm) (Organon Teknika Corporation). The third was 

fluorescein-conjugated F(ab' )2 fragments of affinity purified anti

rabbit lgG (FITCr) (Organon Teknika Corporation). The fourth was a 

rhodamine-conjugated goat IgG fraction to mouse lgG, IgA, IgM 
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(TRITCm) (Organon Teknika Corporation). The fifth was a rhodamine

conjugated goat affinity purified antibody to rabbit lgG (TRITCr) 

(Organon Teknika Corporation). 

13. RNA extraction 

The RNA was extracted by a boilate method. The supernatant of 

the infected or non-infected cells was discarded and the cells washed 

three times with PBS. The PBS buffer contained 0.8% (w/v) sodium 

chloride, 0.02% (w/v) potassium chloride (Anachemia), 0.115% (w/v) 

dibasic sodium phosphate (Anachemia), and 0.02% (w/v) potassium 

phosphate (Anachemia). The cells were trypsinized with 1 or 2 ml of 

0.25% (w/v) trypsin, depending on the size of the culture plate. The 

enzyme was added and left at 37°C for 5 min. The cells were gently 

scrapped off by pipetting severa! times with the help of a Pipet-Aïd 

(Drummond Scientific, Broomall, Philadelphia, USA). The solution was 

placed in a 1.5 ml Eppendorf tube and spun down in a 5415C 

centrifuge (Eppendorf, Ham burg, German y) at 9,000 rpm (5,900 x g) 

for 10 min. The pellet was resuspended in 200 J.LI aliquot of 1% (w/v) 

diethyl pyrocarbonate (Sigma). In arder to obtain a more 

concentrated solution of RNA, each pellet from the same cell batch was 

resuspended in the same 200 JJ.l of 1% (w/v) die thyl pyrocarbonate. 

The solution was boiled for 5 min. and then stored at -20 °C. 
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14. Reverse transcription (RTl and polymerase chain 

reaction (PCR l 

The set of pnmers used for the RT-PCR was previously reported 

by Stewart et al., ( 1992). The set was composed of primers E7 and E9. 

E7 was an oligonucleotide used for PCR amplification that 

corresponded to bases 964-982 on rn RNA 7 of HCV -229E, with a 

sequence of 5' -AACTTTGGAAGTGCAGGTGTTGTG-3 '. E9 was an 

oligonucleotide used for RT and PCR amplification that corresponded to 

bases 1242-1265 on mR~A 7 of HCV-229E, with a sequence of 5'

TGGITCAGCAGTTGCAGGTGAAGT-3'. 

For RT, 76 j..Ll of RNA solution were combined with 4 Ill of primer 

in a PCR reagent eup with integrated volume limitation (Sarstedt, Ville 

St. Laurent, Quebec, Canada), and placed in a DNA thermal cycler 

(Perkin Elmer, Norwalk, Connecticut, USA) for an incubation of 5 min. 

at 65°C, followed by a slow cool down to 22°C (to break secondary 

structures and allow annealing of the primer oligo). After cooling, 16 

J.Ll of a reverse transcription master mix was added. The master mix 

contained 12.5% (v/v) of "RNA guard" RNase inhibitor (Pharmacia), 

62.5% (v/v) of 10X Moloney RT Buffer, 12.5% (v/v) of 20 mM DNA 

polymerization mix (Pharmacia) and 18.75% (v/v} of Moloney Murine 

Leukemia Virus Reverse Transcriptase (Pharmacia, Uppsala, Sweden). 

The 10X Moloney Buffer contained 500 mM Tris-HCI (Boehringer 

Mannheim), pH 8.0, 625 mM potassium chloride (Anachemia), 30 mM 
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magnesium chloride (Anachemia) and 100 mM dithiotreitol 

(Pharmacia). An incubation in the thermal cycler at 42°C for 90 min. 

was performed and then the solution was kept at 4°C. For the PCR, 50 

Jll of the eDNA were used in combination with 50 J.Ll of a PCR master 

mtx. The master mix contained 20% (v/v) of 10X Taq Buffer (Bio/Can 

Scientific, Mississauga, Ontario, Canada), 5 mM magnesium chloride 

(Bio/Can Scientific), 4% (v/v) of 20 mM dNTP (Pharmacia), and 4% 

{v/v) of each primer (10 pmolfJ.d). The solution was placed in the 

thermal cycler for an incubation at 94 °C for 5 min., and 5 min. at 60°C. 

Then, 1 JJ.l of a solution of 1:1 Taq (Pharmacia) :Moloney 1 X Buffer was 

added and the thermal cycler was set for 30 cycles of 2 min. at 72°C, 1 

min. at 94°C, and 2 min. at 60°C. At the end, a 10 min. incubation at 

72°C was done, and the solution \vas stored at 4°C. 

15. Southern blottin2 

DN A sam pies were separated by electrophoresis in a 5% {w/v) 

SeaKem agarose (FMC, Rockland, Maine, · USA) gel with 1 mg/ml of 

ethidium bromide using TAE as solvent and running buffer. The TAE 

buffer contained 0.04 M Tris-acetate and 0.001 M EDTA (Sigma). The 

gel was run at 100 volts for 90 min. After migration, the gel was 

denatured for 35 min. in a solution of 1.5 M sodium chloride, and 0.5 

M NaOH, then neutralized by two 15 min. rinses in a solution of 1.5 M 

sodium chloride, 0.5 M Tris-HCl (Boehringer Mannheim), pH 7 .2, and 1 

mM EDTA (Sigma). The gel was transferred to a positively charged 

nylon membrane (Hybond-N+, Amersham, Oakville, Ontario, Canada) 
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overnight by capillary action m 20X SSC buffer at room temperature. 

This buffer contained 3 M sodium chloride, and 0.3 M sodium citrate 

dihydrate (Anachemia). The membrane was rinsed with 2X SSC and 

the DNA on the membrane fixed with ultraviolet light (Fotodyne, New 

Berlin, Wisconsin, USA) for 5 min. The membrane was either stored at 

-20°C or used immediately for hybridization. The membrane was 

incubated with a pre-hybridization solution in a rotatory hybridization 

oven (Bio/Can Scientific) at 42°C for 2 hrs. The pre-hybridization 

solution contained 6X SSC, 5X Denhardt's reagent (0.02% (w/v) Ficoll 

(Pharmacia), 0.02% (\v/v) polyvinylpyrrolidone (Sigma), 0.02% (w/v) 

bovine serum albumin (Sigma), 0.5% SDS (Bio-Rad), and 50% (w/v) 

formamide (Fisher, N epean, Ontario, Canada). and 100 Il g 1 rn l 

denatured, fragmented salmon sperm DNA. The solution was then 

replaced by a hybridization solution containing a radioactively labeled 

probe. The hybridization solution was obtained by incubating a 

solution of 1.5% (v/v) 1 OX Kinase buffer (Pharmacia) (0.5 M Tris-HCI 

(Boehringer Mannheim), pH 9.5, 0.1 M magnesium ch1oride 

(Anachemia), 50 mM dithiothreitol (Sigma), 30% (v/v) glycerol 

(Anachemia), 5.1% (w/v) Tris-HCl spermidine, 1.5% (v/v) of a 10 

pmol/~1 probe solution, 1.3% (v/v) T4 kinase (Pharmacia), and 7.7% 

(w/v) ['Y-32P]ATP (ICN, Mississauga, Ontario, Canada), at 37°C for 2 hrs. 

The solution was then incubated at 68°C for 5 min., and the reaction 

was stopped with 50 J.d of TEN buffer containing 0.1 M Tris-HCl 

(Boehringer Mannheim), pH 8.0, 0.01 M EDTA (Sigma) and 1 M NaCI 

(Anachemia). The solution was then passed through a Sephadex G50 

(Pharmacia) column to remove the unincorporated radiolabeled 
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nucleotides. The probe was eluted in 100 J.Ll of TEN and stored at 

-20°C. A probe, previously published by Stewart et al., (1992) was 

used for hybridization. The probe, designated E2, was an 

oligonucleotide that corresponded to bases 1080-1103 on the mRNA 7 

of HCV-229E, with a sequence of 5'-GAGTCAGGCAACACTGTGGTCTTG-3'. 

Hybridization of the probe with the filter proceeded overnight 

at 42°C for at ]east 12 hours. The membrane was washed twice for 15 

min. with 2X SSC and once for 30 min. with 2X SSC with 1% {w/v) SDS 

(Bio-Rad), covered with Saran \Vrap and exposed to a Kodak X-OMAT 

autoradiography film for 2 to 48 hrs at -70°C. 

16. Micro protein assay 

A 96-we Il Lin bro® plate was used to determine prote in 

concentration. Ali samples were tested in duplicate. Depending on the 

protein to be tested we used a 50 J..Lg/ml IgG standard (Bio-Rad) for 

immunoglobulins or a 50 J..L g/ml bovine serum al bu min standard (Bio

Rad) for other proteins. The standards were used at 0.5, 1, 2, 3, 4, and 

5 J..Lg/ml in PBS. A sample containing only PBS was used for controL 

The solution to be tested was also diJuted as needed. The final volume 

to be tested m each weil was 100 J..LL Then, 100 J..Ll of a 40% (w/v) 

solution of the dye reagent, Bio-Rad Protein-assay were added and the 

plate was incubated at room temperature for 10 min. The plate was 

read in an Easy Reader (SL T -Lab Instruments, Salzburg, Austria) at a 

wavelength of 600 nm. A standard curve was drawn, and the 
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absorbance of the test sample intrapolated within it, to obtain the 

protein concentrations of the samples analyzed. 

17. Electron rn icroscopy CE Ml 

The cells were fixed with 2.5% (v/v) glutaraldehyde (Mecalab, 

Montreal, Que bec, Canada) in 0.1 M sodium cacodylate, pH 7.2 

(Mecalab) buffer for 15 min. The solution was centrifuged at 12,000 x 

g for 3 min . and the pellet washed three times with 3% (w/v) sucrose 

(Mecalab) in sodium cacodylate buffer. After an incubation of 24 hrs, 

the sample was fixed with 1.33% {w/v) osmium tetraoxide (SPI-Chem, 

West Chester, Pennsylvania, USA) in collidine buffer (Mecalab) for 2 

hrs at 21 °C. The sample was then dehydrated by 30 min. incubations 

with 25, 50, 75, 95 and twice with 100% {v/v) acetone. The 

dehydrated sample was mixed 1:1 with Spurr resin (Mecalab) and 

incubated for 24 hrs. The resin black was eut in 90-100 nm sections 

in a microtome and the samples were stained with 5% {w/v) alcohol 

uranyl acetate (Mecalab), and with lead citrate (J.B. EM. Services, 

Dorval, Que bec, Canada), respecti v ely. The electon microscopy was 

performed by Robert Alain at the Institut Armand-Frappier. 
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18. Indirect immunoperoxidase 

The indirect immunoperoxidase test was used to detect 

infectious virus in the infected cell culture supernatants. Susceptible 

cells (Ll32 or HRT-18) at 80% confluence, were inoculated with 

infected cell culture supernatants in a 96-well Linbro® plate. Varying 

concentrations of the supernatants were used. After 4 to 5 days of 

incubation in a humidified chamber at 33°C and 5% (v/v) C02, the cells 

were washed with PBS and fixed with 0.3% (v/v) hydrogen peroxide 

(Sigma) in methanol for 30 min. The cells were washed with PBS and 

incubated for 2 hrs at 33°C and 5% (v/v) C02 with an antiviral 

antibody. The cells were washed five times with PBS and horseradish 

peroxidase-conjugated anti-mouse immunoglobulins (Cappell, Durham, 

North Carolina, USA) was added . After 2 hrs at 37°C without C02, the 

cells were washed five times with PBS, and the bound antibodies were 

detected by incubation wi th 0.025% (w/v) 3,3 '-diaminobenzidine 

tetrahydrochloride (Bio-Rad), 0.01% (v/v) hydrogen peroxide (Sigma) 

in PBS. When the colorant was observed in the light microscope, the 

reaction was stopped with deionized water. The infectious titer was 

then obtained following the Karber method, where 
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TCIDso= +ô-B(S-0.5) 

TCIDso: 
ô: 

B: 
S: 

Lethal tissue culture infective dose 
log 1o of the sample where the dilution shows 

100% of infected ce Ils 
log 10 of dilution factor 

addition of the number of samples that show 

infected cells 

19. Double immunodiffusion 

A solution of 1% (w/v) agarose (FMC, Rockland, Maine, USA) in 

PBS was heated until the agarose was dissolved, 5 ml were then 

poured into a 5x5 cm. glass plate and allowed to solidify at room 

temperature for 45 min. \Vith a punch, five holes were equally spaced 

around the diameter of a circle. A sixth hole was made in the center 

of the circle. To each peripheral hole, 10 JJ.l of specifie anti-serum for 

each immunoglobulin isotype (Organon Teknika Corporation) was 

added, and 10 JJ.l of the monoclonal an ti body to be tested was added in 

the central hole. The plate was incubated at 4°C until the precipitation 

lines could be observed in the agarose, this aJlowed determination of 

the immunoglobulin isotype of each mAb. 
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RESULTS 



1. Virus Production 

In order to obtain enough vuus to immunize a gmnea pig, 70 

Petri dishes where plated with HRT-18 cells at passage 22. Human 

coronavirus OC43 from a laboratory stock was used to inoculate the 

cells. Four days post-inoculation, 910 ml of cell supernatant were 

collected. Proteins in the viral solution were precipitated with 

polyethylene glycol and virus particles were purified by centrifugation 

through a discontinuous and a continuous gradient of Nycodenz®. The 

refractive index was determined to verify the efficiency of the 

continuous gradient (Figure 1 ). Fractions 14 to 19 were analyzed by 

electron microscopy to verify the presence of viral particles. Fractions 

15 to 18 showed the highest concentration of virus and the less cell 

debris. These fractions were pooled and dialyzed against TMEN buffer 

and then assayed for protein content. The protein concentration was 

168 ~g/ml, corresponding to a total of 336 )lg of purified virus. 
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Figure 1: Profile of the refractive index of fractions collected from a 
continuous Nycodenz® gradient used for the purification of 
HCV-OC43. 
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2. Production of Ffab')z_fraements of monoclonal 

antibodjes 

For immunofluorescence experiments with human coronavirus, it 

was previously found that whole immunoglobulins yielded high 

background. This background was el iminated by the use of F(ab')2 

fragments. This suggested that the cells used had Fe receptors (Talbot, 

persona! communication). Therefore, we produced F(ab')2 fragments 

for 3 mAbs to use in these studies. 

2.1 5-11H.6 

Two ml of ascites fluid containing 28 mg of HCV-229E specifie 

mAb 5-11 H.6 were run through a Sepharose Protein-G column to 

purify the antibody. After verification of the purity by SDS-PAGE in a 

7.5% (w/v) acrylamide gel (Figure 2, la ne 1 ), the recovered, puri fied 

antibody was concentrated by filtration m a Centriprep-100 

ultrafiltration apparatus; a final concentration of 0.84 mg/ml was 

obtained, for a total of 8.4 mg. Therefore, the yield was 30%. The 

antibody was digested with 0.27 mg of pepsin for 2 hrs at 37°C. The 

time of digestion was previously optimized by performing a time 

course of digestion (Figure 3). The digested antibody was passed 
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Fi gure 2: Coomassie blue-stained 7.5% SDS-PAGE gel to detect pepsin 
digestion products of mAb 5-11H.6. 
Lane M: Bio-Rad protein standards (molecular masses in 

kDa shown on the left) 
Lane 1: Purified 5-11H.6 
La ne 2: 5-11 H.6 F(ab')2 fragments (Il Ok Da) 



200-

116-
97-

M 1 2 



63 

Fi gure 3: Time course of digestion of mAb 5-11 H.6 by pepstn, using 
a 12% SOS-PAGE Coomassie blue-stained gel. 
Lane M: Pharmacia prote in standards 
La ne 1: Puri fied an ti body ( 160kDa) 
La ne 2: 0.5 hr digestion (F(ab')2 fragments at 11 Ok Da) 
La ne 3: 1 " " 

La ne 4: 2 " " 

La ne 5: 3 " (Fab fragments at 55 kDa) 
La ne 6: 5 " " " 
La ne 7: 7 " 
La ne 8: 9 " " 

La ne 9: 12 " " 

La ne 10: 18 " " 

La ne Il: 24 " " " 
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through a protein-G column in arder to eliminate any remaining 

undigested an ti body. The puri fied F(ab'h fragments solution was 

concentrated by filtration in a Centriprep-30 ultrafiltration apparatus. 

Presence of the fragments were verified by SDS-PAGE in a 12% (w/v) 

acrylamide gel (Figure 2, lane 2). A protein assay revealed the final 

concentration to be 920 J..Lg/ml, for a total 2.5 mg of 5-11H.6 F(ab')2 

fragments. 

2.2 4·Ell.3 

Seven ml of ascites fluid containing 8.47 mg of HCV-OC43 

specifie mAb 4-E11.3 were run through a Sepharose Protein-G column 

to purify the antibody. After verification of the purity by SDS-PAGE in 

a 12% {w/v) acrylamide gel (Figure 4, lane 1), the recovered, purified 

antibody was concentrated by filtration In a Centriprep-100 

ultrafiltration apparatus; a final concentration of 0.8 mg/ml was 

obtained, for a total of 5.3 mg. Therefore, the yield was 62.5%. The 

antibody was digested with 0.17 mg of pepsin for 1 hr at 37°C. The 

time of digestion was previously optimized by performing a 

timecourse of digestion (Figure 5). The digested antibody was passed 

through a protein-G column in arder to eliminate any remaining 

undigested antibody. The purified F(ab'h solution was concentrated 

by filtration in a Centriprep-30 ultrafiltration apparatus. Presence of 

the fragments were verified by SDS-PAGE in a 12% (w/v) acrylamide 

gel (Figure 4, Jane 2). Fab fragments and other digestion products 

were observed, but no complete Ab was present. For our purpose it 
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Figure 4: Coomassie blue-stained 12% SDS-PAGE gel to detect pepsin 
digestion products of rn Ab 4-E 11.3. 
Lane M: Bio-Rad protein standards (molecular masses in 

kDa shown on the left) 
La ne 1: Puri fied 4-E 11.3 ( 160 kDa) 
Lane 2: 4-E 11.3 F(ab'h fragments (110 kDa, with by 

products at 90 and 50 kDa) 
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Fi gure 5: Time course of digestion of mAb 4-E11.3 by pepsin, using a 

Top panel 
12% SOS-PAGE 

Lane M: 

Lane 1: 
Lane 2: 

Lane 3: 
Lane 4: 

Lane 5: 
Lane 6: 
Lane 7: 
Lane 8: 

Bottom panel Lane M: 

Lane 9: 
Lane 10: 

Lane 11: 
Lane 12: 
Lane 13: 
Lane 14: 
Lane 15: 

Coomassie blue-stained gel. 
Bio-Rad protein standards (molecular 
masses in kDa shown on the left) 
Purified antibody (160 kDa) 
5 m1n. digestion (whole antibody at 160 
kDa and F(ab')2 fragments at 110 kDa) 
10 " 
15 " 
110 kDa) 
25 " 
35 " 
45 " 
1 hr 

" Il 

" (F(ab')2 fragments at 

" Il 

" Il 

" Il 

" Il 

Bio-Rad protein standards (molecular 
masses in kDa shown on the left) 
Puri fied an ti body ( 160 kDa) 
1 hr 15 min. digestion (F(ab'h fragments 
at 110 kDa and Fab fragments at 50 kDa) 
1 " 30 .. " " 
1 " 45 .. " " 
2" " " 
2 " 15 .. " " 
2 " 30 " " " 
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was only important to remove the Fe part, the by-products of 

digestion would not interfere in our experiments. A protein assay 

revealed the final concentration to be 1.44 mg/ml, for a total 3 mg of 

4-E11.3 F(ab'h fragments . 

2.3 Anti-c-myc 

One and a half ml of ascites fluid containing 21 mg of mouse c

myc specifie mAb were run through a Sepharose Protein-A column to 

purify the antibody. After verification of the purity by SOS-PAGE in a 

12% (w/v) acrylamide gel (Figure 6, Jane 1 ), the recovered, puri fied 

antibody was concentrated by filtration 1n a Centriprep-100 

ultrafiltration apparatus; a final concentration of 1.93 mg/ml was 

obtained, for a total of 11.76 mg. Therefore, the yield was 56%. The 

antibody was digested with 0.2 mg of pepsin for 30 min. at 37°C. The 

time of digestion was previously optimized by a time course of 

digestion (Figure 7). The digested antibody was passed through a 

protein-A column in order to eliminate any remaining undigested 

antibody. The purified F(ab')2 fragments solution was concentrated by 

filtration in a Centriprep-30 ultrafiltration apparatus. Presence of the 

fragments were verified by SOS-PAGE in a 12% (w/v) acrylamide gel 

(Figure 6, Jane 2). A protein assay revealed the final concentration to 

be 3.28 mg/ml, for a total 9 mg of anti-c-myc F(ab')2 fragments. 
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Figure 6: Coomassie blue-stained 7.5% SOS-PAGE gel to detect pepsin 
digestion products of anti-c -myc mAb. 
Lane M: Bio-Rad protein standards (molecular 

masses in kDa shown on the left) 
Lane 1: Purified anti-c-myc (160 kDa) 
Lane 2: anti-c-myc F(ab')2 fragments (110 kDa) 
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Figure 7: Time course of digestion of anti-c-myc mAb by pepsin 
using a 7.5% SOS-PAGE Coomassie blue-stained gel. 

Top panel Lane M: 

La ne 1: 
Lane 2: 

Lane 3: 
Lane 4: 
Lane 5: 
Lane 6: 
Lane 7: 

Bottom panel Lane M: 

Lane 8: 

Lane 9: 
Lane 10: 
Lane 11: 
Lane 12: 
Lane 13: 
Lane 14: 

Bio-Rad protein standards (molecular 
masses in kDa shown on the left) 
Purified antibody (160 kDa) 
IO min. digestion (F(ab')2 
fragments at Il 0 kDa) 
20 u " " 

30 " " " 
40 " " " 
50 " " " 
1 hr " .. 
Bio Rad protein standards (molecular 
masses in kDa shown on the left) 
1 hr I5 min. digestion (F(ab')z fragments 
at Il 0 kDa and Fab fragments at 50 kDa) 
I " 30 .. " " 
1 " 45 .. " " 
2" " " 
2" 30 .. " " 
3 " " " 
3 " 30 " " " 
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3. Immunoflyorescence 

3.1 Biological activity of F(ab'h fr ag rn en t s 

After obtaining F(ab')2 fragments by digesting the mAbs with 

pepsin, we tested them in an immunofluorescence assay to confirm 

their biological activity and to determine the best dilution to be used 

in future experiments . 

3.1.1 5-11H.6 and anti-c-myc mAb 

Immunofluorescence was performed m L132 cells infected with 

HCV -229E. F(ab')2 fragments of mAb 5-11 H.6 were active and the 

best dilution was 1/10. F(ab')2 fragments of anti-c-myc mAb gave the 

best results at a dilution of l/40 and showed that background 

fluorescence with whole antibody, due to a Fe receptor activity, was 

not a problem with F(ab')2 fragments (Table 2). Immunofluorescence 

was also performed in non-infected cells and the results were ali 

negative. 

3.1.2 4-El1.3 

Immunofluorescence was performed in HRT -18 cells infected 

with HCV -OC43. The F(ab')2 fragments of mAb 4-El1.3 were active 

and the best dilution was 1/100 (Table 3). Immunofluorescence was 

also performed in non-infected cells and the results were ali negative. 
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Table 2: Immunofluorescence in L 132 ce Ils inoculated with HCV-
229E detected with FITC mouse at 1/100 dilution, to verify 
biological activity of mAb 5-11 H.6 F(ab')2 fragments and to 
verify lack of Fe receptor activity of anti-c-myc F(ab')2 
fragments. 
\Vhen stated "background" refers to an unacceptable level 
of background fluorescence that interferes with the 
differentiation of viral specifie vs. non-viral fluorescence. 



Ab !/Dilution Concentration Results 

(m g /ml) 

5-118.6 100 0.15 + background 

250 0.06 + background 

500 0.03 + background 

an ti-c-m y e 100 0.14 - background 

250 0.056 - background 

500 0.028 - back ground 

5-11H.6 F(ab')2 6 0.15 + 

1 5 0.06 + 

30 0.03 + 

an ti-c-m ye F(ab'h 20 0.15 -

55 0.06 -
110 0.03 -
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Table 3: Immunofluorescence in HRT-18 cells inoculated with HCV
OC43 detected with FITC mouse at 1/100 dilution, to verify 
biological activity of mAb 4-E11.3 F(ab')2 fragments. 



Ab 1/Dilution Concentration Results 
( m g /ml ) 

4-E11.3 F(ab'h 1 0 0.144 + 

50 0.028 + 

100 0.014 + 

200 0.007 + 

400 0.003 + 

an ti-c-m ye F(ab'h 40 0.075 -



3.2 Optimization of fluorochrome-conjugated antibodies 

3.2.1 FITC guinea pig 

To determine the best dilution of FITC guinea pig (fluorescein

conjugated goat F(ab'h fragments anti-guinea pig IgG) to be used in 

the IF tests, an IF was performed in HRT-18 cells infected with HCV

OC43. The serum used was the one recovered after four 

immunizations of a guinea pig with semi-purified virus (Table 4). The 

best dilution was 1/200. 

3.2.2 TRITC rabbit 

ln order to determine the dilution of TRI TC rabbit (rhodamine

conjugated goat anti-rabbit JgG) to be used in the IF tests, an IF was 

conducted in L 132 cells infected with HCV -229E. The best dilution 

was 1/50 (Table 5). The same experiment was performed in non

infected cells and the results were ali negative. 

3.2.3 TRITC mouse 

In order to determine the dilution of TRITC mouse (rhodamine

conjugated goat anti-mouse IgG, IgA, IgM) to be used in the IF tests, 

an IF was conducted in HRT-18 cells infected with HCV-OC43 and mAb 

4-E11.3. The best dilution was 1/50 (Table 6). The same experiment 

was performed in non-infected cells and the results were ali negative. 
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Table 4: Immunofluorescence in HRT -18 ce lis inoculated with HCV
OC43 to determine the optimal dilution of FITC guinea pig 
to be used in the IF tests. 
When stated "background" refers to an unacceptable level 
of background fluorescence that interferes with the 
differentiation of viral specifie vs. non-viral fluorescence. 
n.a. : not applicable 



1/Dilution of an ti body reagents 

guinea pig serum guinea pig pre- FITC Results 
anti-OC43 immune serum guinea p ig 

100 n.a. 50 + background 
400 n.a. 50 + background 
800 n.a. 50 + background 
1200 n.a 50 + background 
1600 n.a. 50 + background 
2000 n.a 50 + background 
n.a. 200 50 - background 
100 n.a. 100 + background 
400 n.a 100 + background 
800 n.a. 100 + background 

1200 n.a 100 + background 
1600 n.a. 100 + background 
2000 n.a lOO + background 
n.a. 200 100 - background 

1000 n.a. 100 + background 
4000 n.a 100 + background 
8000 n.a. 100 + background 
n.a. 200 200 -

1000 n.a. 200 + background 
4000 n.a 200 + 
8000 n.a. 200 + 
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Table 5: Immunofluorescence in L 132 cells inoculated with HCV-
229E to determine the optimal dilution of TRITC rabbit to 
be used in the IF tests. 
When stated "background" refers to an unacceptable level 
of background fluorescence that interferes with the 
differentiation of viral specifie vs. non-viral fluorescence. 
n.a. : not applicable 



1/Dilution of an ti body rea gents 

rabbi t rab bit pre- TRITC ResuJts 
anti-229E immune rab bit 

serum 
50 n.a. 50 + background 

100 n.a. 50 + background 

200 n.a. 50 + background 

400 n.a. 50 + 
n.a. 50 50 -
n.a. 100 50 -
50 n.a. 75 + background 

100 n.a. 75 + background 

200 n.a. 75 + background 

400 n.a. 75 + background 

n .a. 50 75 -
n.a. 100 75 -
50 n.a . 100 + background 

100 n.a. 100 + background 

200 n.a . 100 + background 

400 n.a. 100 + background 

n.a. 50 100 -
n.a. 100 100 -
50 n.a. 150 -
100 n.a. 150 -
200 n.a. 150 -
400 n.a. 150 -
n.a. 50 150 -
n.a. 100 150 -
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Tab1e 6: Immunofluorescence in HRT -18 ce Ils inoculated with HCV
OC43 to determine the optimal dilution of TRITC mouse to 
be used in the IF tests. 
When stated "background" refers to an unacceptable level 
of background fluorescence that interferes with the 
differentiation of viral specifie vs. non-viral fluorescence. 
n.a. : not applicable 



1/Dilution of an ti body rea gents 
4·E11.3 Anti·C·myc TRITC Results 
F(ab')2 F(ab'h mo use 

100 n.a. 1 0 + background 

100 n.a. 50 + 

100 n.a . 100 -

100 n.a . 200 -

n.a. 40 50 -

n.a. 40 100 -



3.3 Optimization of guinea pig polyclonal antiviral 

an ti body 

To determine the optimal concentration of the guinea pig anti

OC43 polyclonal antibody to be used in the IF experiments, an IF test 

was performed on HRT-18 infected ce Ils with HCV -OC43 (Table 7). 

The optimum combination was guinea pig polyclonal antibody at a 

dilution of 1/10 000 and guinea pig pre-immune serum at l/2,000. 

The same experiment was performed in non-infected cells and the 

results were ali negative. 

3.4 Characterization of antibodies to cell markers 

It was important to show that the antibodies against cell 

markers did not show Fe receptor activity in order to avoid any non

viral fluorescence from these reagents in the IF tests. The markers 

were tested in Ll32 ce lis infected with HCV -229E (Table 8). The sa me 

experiment was performed on non-infected cells as controls and the 

results were ali negative. The results proved that these antibodies did 

not unexpectedly recognize other proteins and that they could be used 

as cell markers. 
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Table 7: Immunofluorescence in HRT-18 cells inoculated with HCV
OC43 to determine the optimal dilution of guinea pig 
polyclonal antibody to be used in the IF tests. 
\Vhen stated "background" refers to an unacceptable levet 
of background fluorescence that interferes with the 
differentiation of viral specifie vs. non-viral fluorescence. 
n.a. : not applicable 



1/Dilution of antibod " rea gents 
guinea pig guinea pig FITC guinea Results 

serum pre-immune pig 
anti-OC43 serum 

1000 n.a. 200 + background 

5000 n.a. 200 + 

10000 n.a. 200 + 

15000 n.a . 200 + 

20000 n.a . 200 + 

n.a. 500 200 - back ground 

n.a. 1000 200 -

n.a. 2000 200 -

n.a. 5000 200 -
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Table 8: Immunofluorescence in HRT -18 cells inoculated with HCV-
229E to characterize antibodies to cell markers. 



3.5 Cross-reactivity of species-specific fluorochrome-

conj ugated an ti-im rn u noglob ul ins 

ln order to avoid a cross-reactivity between a fluorochrome

conjugated antibody and species-specific antibodies from another 

species in the double immunofluorescence tests we tested the 

appropriate conjugates, for any interspecies cross-reactivities. 

3.5.1 FITCgp vs. mouse Ab 

An IF test was performed in HRT-18 cells infected with HCV

OC43. FITC guinea pig recognized mouse immunoglobulins (Table 9); 

therefore, it could not be used as secondary fluorochrome-conjugared 

antibody in the double immunofluorescence tests . 

3.5.2 FITCm vs. guinea pig Ab 

An IF test was performed in HRT -18 cells infected with HCV-

OC43. FITC mouse did not recognize guinea pig immunoglobulins 

(Table 10). 

3.5.3 TRITCr vs. mouse Ab 

An IF test was performed in HRT-18 cells infected with HCV

OC43. TRITC rabbit did not recognize mouse immunoglobulins (Table 

11). 
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Table 9: Immunofluorescence to verify any cross-reactivity 
between FITC guinea pig and mouse Abs. 
n.a. : not applicable 



1/Dilution of antibod } rea gents 
mo use mo use guinea guinea pig FITCgp Results 

anti-OC43 pre- pig serum pre-
serum immune anti-OC43 immune 

serum serum 

100 n.a. n.a. n.a. 200 + 

n.a. 100 n.a. n.a. 200 -
n.a. n.a. 10000 n.a. 200 + 

n.a. n.a. n.a. 2000 200 -
n.a. n.a. n.a . n.a. 200 -
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Table 10: Immunofluorescence to verify any cross-reacttvtty 
between FITC mouse and guinea pig Abs. 
n.a. : not applicable 



1/DiJution of antibod v rea gents 
mou se mou se guinea pig guinea pig FIT Cm Results 
serum pre- serum pre-
an ti- immune anti-OC43 immune 
OC43 serum serum 

100 n.a. n.a. n.a. 100 + 

n.a. 100 n.a. n.a. 100 -
n.a. n.a . 10000 n.a. 100 -

n.a. n.a . n.a . 2000 100 -
n.a. n.a. n.a . n.a. 100 -
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Table 11: Immunofluorescence to verify any cross-reactivity 
between TRITC rabbit and mouse Abs. 
n.a. : not applicable 



1/Dil ut ion of an ti body re agents 

4-El1.3 F(ab'h TRITCr TRITCm Results 

100 50 n.a. -

100 n.a. 50 + 



3.5.4 FITCgp vs. rabbit Ab and FITCr vs. guinea pig Ab 

An IF test was performed in HR T -18 cells infected with HCV

OC43. FITC guinea pig did not recognize rabbit immunoglobulins and 

FITC rabbit did not recognize guinea pig immunoglobulins (Table 12). 

3. 6 Detection of viral an tigen s 

3.6.1 HCV -229E 

A rabbit anti-229E polyclonal antibody and F(ab'h fragments of 

mAb 4-E11.3 were used to detect HCV -229E viral antigens in infected 

human primary cultured neural cells by DIF. The immunofluorescence 

test was performed at 2, 4, and 7 days post-infection. None of the 

cells cultured were positive for viral antigens when assayed by 

immunofluorescence. Each experiment was repeated at least twice to 

verify reproducibility (data not shown). 

3.6.2 HCV-OC43 

A guinea pig anti-OC43 polyclonal antibody and F(ab')2 

fragments of 4-E 11.3 mo use monoclonal an ti body were used to detect 

HCV -OC43 an ti gens in infected hu man primary cultured neural cells 

by DIF. The immunofluorescence test was performed at 2, 4, and 7 

days post-infection. Each experiment was repeated at least twice to 

verify reproducibility. Human fetal astrocytes, adult human microglia 

and adult astrocytes were shown to be infectable through the 
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Table 12: Immunofluorescence to verify any cross-reactivity 
between FITC guinea pig and rabbit Abs, and FITC rabbit 
and guinea pig Abs. 
n.a. : not applicable 



1/Dilution of antibodv reagents 
rab bit guinea rab bit guinea FITCgp FITCr Results 
serum pig serum pre- pig pre-
an ti- anti-OC43 immune immune 
OC43 serum serum 

100 n.a. n.a. n.a. 200 n.a. -
n.a. 10000 n.a. n.a. n.a. n.a. -
100 n.a. n.a. n.a. n.a. 100 + 
n.a. 10000 n.a. n.a. 200 n.a. + 
n.a. n.a. 100 n.a. n.a. 100 -
n.a. n.a. n.a. 2000 200 n.a. -



detection of intracellular viral antigens m amounts that are consistent 

with viral replication (Figure 8 to 14). At 2 days post-infection 10% of 

the human fetal astrocytes were infected, at 4 days 50 to 70% and at 7 

days 90 to 100%. For the human adult microglia, 10% of the culture 

was infected at 2 days post-infection, 40% at 4 days and 80 to 100% at 

7 days Human fetal neurons (data not shown) and human adult 

oligodendrocytes were negative in immunofluorescence. Although it 

remains possible that sorne oligodendrocyte could be infected (Figure 

14), this was not proven due to technical problems with the antibody 

against the oligodendrocyte markers. 

4. Genome detection 

Since the immunofluorescence tests may not have been sensitive 

enough to detect a low level infection of several cells with HCV -229E, 

we used a more sensitive test for detection of viral RNA, RT-PCR 

Southern Blotting. 

4.1 Adsorption test 

In arder to rule out the possibility of detecting virus adsorbed in 

the cell surface but not internalized, an experiment using HeLa cells 

(permissive for HCV -229E infection (Talbot, persona! communication)) 

was conducted where adsorption of the virus was allowed for 2 hrs. at 

4°C. The RNA was extracted from non-infected HeLa cells, HeLa cells 

plus virus at 4°C, and HeLa cells at 7 days post-inoculation, and used 
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Figure 8: Human fetal astrocytes at 2 days post-inoculation with 
HCY-OC43. 
A) Viral antigen detected with anti-OC43 mAb 4-Ell.3 

and FITCm 
B) Astrocytes detected with anti-GFAP and TRITCr 
C) Negative control: non-infected cells adsorbed with 

anti-OC43 mAb 4-E11.3 and FITCm 
D) Negative control: isotypic antibody control anti-c

myc mAb detected with FITCm 
E) Negative control: primary an ti body replaced with 

dilution buffer detected with FITCm 

F) Nuclear marker 
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Figure 9: Human fetal astrocytes at 4 days post-inoculation with 
HCV-OC43. 
A) Viral antigen detected with anti-OC43 mAb 4-E11.3 

and FITCm 
B) Astrocytes detected with anti-GFAP and TRITCr 
C) Negative control: non-infected cells adsorbed with 

anti-OC43 mAb 4-Ell.3 and FITCm 
D) Negative control: isotypic antibody control anti-c

myc mAb detected with FITCm 
E) Negative control: primary antibody replaced with 

dilution buffer detected with FITCm 
F) Nuclear marker 
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Figure 10: Hum an fetal astrocytes at 7 da ys post-inoculation with 
HCV-OC43. 
A) Viral antigen detected with anti-OC43 mAb 4-Ell.3 

and FITCm 
B) Astrocytes detected with anti-GFAP and TRITCr 
C) Negative control: non-infected cells adsorbed with 

anti-OC43 mAb 4-El1.3 and FITCm 
D) Negative control: isotypic antibody control anti-c

myc mAb detected with FITCm 
E) Negative control: primary antibody replaced with 

dilution buffer detected with FITCm 
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Figure Il: Hu man adult microglia at 2 days post-inoculation with 
HCV-OC43. 
A) Viral antigen detected with anti-OC43 guinea pig 

polyclonal antibody and FITCgp 
B) Microglia marked with KP-1 detected with TRITCm 
C) Negative control: non-infected cells adsorbed with 

anti-OC43 guinea pig polyclonal antibody and FITCgp 
D) Negative control: pre-immune guinea pig serum 

detected with FITCgp 
E) Negative control: primary antibody replaced with 

dilution buffer detected with FITCgp 
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Fi gure 12: Human adult microglia at 4 days post-inoculation with 
HCV-OC43. 
A) Viral antigen detected with anti-OC43 guinea pig 

polyclonal antibody and FITCgp 
B) Microglia marked with KP-1 detected with TRITCm 
C) Negative control: non-infected cells adsorbed with 

anti-OC43 guinea pig polyclonal antibody and FITCgp 
D) Negative control: pre-immune guinea pig serum 

detected with FITCgp 
E) Negative control: primary antibody replaced with 

dilution buffer detected with FITCgp 
F) N uclear marker 
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Figure 13: Human adult microglia at 7 days post-inoculation with 
HCV-OC43. 
A) Viral antigen detected with anti-OC43 guinea pig 

polyclonal antibody and FITCgp 
B) Microglia marked with KP-1 detected with TRITCm 
q Negative control: non-infected cells adsorbed with 

anti-OC43 guinea pig polyclonal antibody and FITCgp 
D) Negative control: pre-immune guinea pig serum 

detected with FITCgp 
E) Negative control: primary antibody replaced with 

dilution buffer detected with FITCgp 
F) Nuclear marker 
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Fi gure 14: Mix of human adult oligodendrocytes and astrocytes at 7 
da ys post-inoculation with HCV -OC43. 

A) Viral antigen detected with anti-OC43 guinea pig 
polyclonal antibody and FITCgp 

B) Astrocytes marked with anti-GFAP detected with 
TRITCr 

C) Negative control: non-infected cells adsorbed with 
anti-OC43 guinea pig polyclonal antibody and FITCgp 

D) Negative control: pre-immune guinea pig serum 
detected with FITCgp 

E) Negative control: primary antibody replaced with 
dilution buffer detected with FITCgp 





for RT -PCR us mg viral specifie pnmers. Positive results were only 

seen for the 7 days post-inoculation sample by Southern blot analysis, 

showing that no adsorbed viral particles were detected by this method 

(Figure 15, lanes 14,15,20,21,22) . 

4.2 Detection of HCV-229E 

Primary cul tu red hu man neural ce Ils were inoculated with HCV-

229E. The RNA was extracted at 4 or 7 days post inoculation and RT

PCR was performed. Southern blot analysis showed the presence of 

viral RNA in human fetal astrocytes, human adult microglia, and for 

the mix of adult oligodendrocytes and adult astrocytes. One batch of 

human fetal astrocytes gave negative results (Figure 15, lane 19). 

Since the experiments with other sources of these cells were positive, 

we can conclude th at HCV -229E infects hum an fe tai astrocytes. Ail the 

non-infected cells gave negative results (Figure 15). 

4.3 Minimal RNA needed for detection 

To determine the minimal amount of RNA needed in our 

experiments to detect viral RN A in infected cells, an RT -PCR was 

performed with dilutions of the RNA extracted from L132 cells at 20 

hrs. post-inoculation with HCV-229E. Viral RNA amplified from 

7.1 x 10-7 Jlg of total cellular RNA could be detected in a 1.5% (w/v) 

agarose gel stained with ethidium bromide (Figure 16). Using 

Southern blotting hybridization, viral RNA could be detected with as 
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Figure 15: Autoradiograph of a Southern blot of RT-PCR products 
generated from RNA extracted from different cells. 
1) Positive control, L132 cells 2 days post-inoculation 

with HCV -229E 
2) Hu man fetal astrocytes 
3) Hu man fetal astrocytes 4 days post-inoculation with 

HCV-229E 
4) Hu man adult microglia 
5) Adult oligodendrocytes and astrocytes mix 4 days 

post-inoculation with HCV-229E 
6) Adult oligodendrocytes and astrocytes mix 
7) Hu man adult microglia 
8) Hu man adult microglia 4 da ys post-inoculation with 

HCV-229E 
9) Positive control, L 132 cells 2 da ys post-inoculation 

with HCV -229E 
1 0) Adult oligodendrocytes and astrocytes mix 
11) Adult oligodendrocytes and astrocytes mix 7 days 

post-inoculation with HCV -229E 
1 2) Hu man fe tai astrocytes 
1 3) Hu man fetal astrocytes 7 days post-inoculation with 

HCV-22E 
14) HeLa cells 
15) HeLa cells 2 hrs adsorption with HCV-229E at 4°C 
1 6) Hu man fetal astrocytes 
17) Positive control, L132 cells 2 days post-inoculation 

with HCV -229E 
18) Hu man fetal astrocytes 2 hrs adsorption with HCV-

229E at 4°C 
1 9) Hu man fetal astrocytes 7 da ys post-inoculation 

with HCY -229E 
20) HeLa cel1s 
21) HeLa ce lis 2 hrs adsorption with HCV -229E at 4 oc 
2 2) HeLa cells 7 da ys post-inoculation with HCV -229E 
2 3) Negative control, sample devoid of DNA 
24) Negative control, sample devoid of DNA 
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Figure 16: Ethidium bromide stained 1.5% (w/v) agarose gel showing 
RT -PCR amplification products using different amounts (in 
)lg) of total RNA from L132 cells inoculated with 
HCV-229E. 
M) Pharmacia 100 bp ladder 
1) Positive control, RNA from Ll32 cells infected with 

HCV-229E 
2) Negative control, sample devoid of DNA 
3) 7.1 
4) 7x10-l 
5) 7xi0-2 
6) 7xi0-3 
7) 7xl0-4 
8) 7x10-5 
9) 7x10-6 
1 0) Positive control, RNA from L132 cells infected with 

HCV-229E 
11) 7 x 10-7 (Limit of detection) 
12) 7x1Q-8 
13) 7x10-9 
14) 7xiQ-IO 
15) 7x10-ll 
16) 7 x 1 Q-12 
17) 7x1Q-I3 
18) 7xi0-14 



1M2 3 4 56 7 8 9 

10 M 11 12 13 14 15 16 17 18 



little as 7.1x10-9 Jlg of total cellular RNA (Figure 17), showing the 

technique of hybridization to be 1 00-fold more sensitive. However, 

since we do not know the proportion of viral RNA in these samples, it 

is not possible to quantitate viral RNA detected in infected neural cells. 

5. Electron rn icroscopy 

Cultures of human fetal astrocytes were analyzed by electron 

microscopy. No coron a virus partiel es were observed in the 

extracellular medium. Ce Ils infected with HCV -OC43 revealed 

inclusions of viral particles in vacuoles (Figure 18) however no viral 

particles were observed in ce Ils infected with HCV -229E (Figure 19). 

6. Detection of infectious virus 

In order to detect the production of infectious viral particles 

from the primary cultured neural cells inoculated with HCV, we used 

the indirect immunoperoxidase test. The culture supernatants of 

theinoculated cells were used to inoculate cells susceptible to human 

coronavirus. The infection of these cells could then be detected with 

an anti-virus monoclonal antibody and horseradish peroxidase

conjugated anti-mouse immunoglobulins. From cells infected with 

HCV -229E, only hu man fetal astrocytes produced infectious vuus 

(Table 13). However, the titers obtained were very low. With HCV

OC43, infectious virus was produced by fetal astrocytes, and the titers 

increased with time of infection from 3,163 to 31,623 TCIDso/ml at 2, 
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Figure 17: Autoradiograph of a Southern blotting with products of a 
RT-PCR using different amounts (in Jlg) of RNA from 
Ll32 cells infected with HCV -229E. 
M) Pharmacia 100 bp lad der (top panel) 
1) Positive control, RNA from L132 cells infected with 

HCV-229E 
2) Negative control, sample devoid of DNA 
3) 7.1 
4) 7xi0-1 
5) 7xiQ-2 
6) 7x1Q-3 
7) 7xiQ-4 
8) 7xi0-5 
9) 7xiQ-6 
10) 7x1Q-7 
11) 7x1Q-8 
12) 7xl0-9 (Limit of detection) 
13) 7xl0-10 
14) 7x 1 Q-11 
15) 7x1Q-12 
16) 7x1Q-13 
17) 7x1Q-14 
18) 7xiQ-15 
19) 7x1Q-16 
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Ficure 18: Electron microscopy of ultra-thin sections of human fetal 
astrocytes inoculated with HCV -OC43 at 7 da ys post
inoculation. Arrows show HCV -OC43 virions. 
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Figure 19: Electron microscopy of ultra-thin sections of human fetal 
astrocytes inoculated with HCV -229E at 7 da ys post
inoculation. No virions were detected. 
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Table 13: Infectious viral particles in extracellular medium of 
cultures of ce Ils inoculated with HCV -229E. 



Cell type Ti me post- Infectious titer 
inoculation TCIDso/ml 

(da y s) 

Fetal as trocy tes 2 < 10 

4 32 

7 56 

Adult microglia 4 <3 

7 <3 

A duit astrocytes and 4 <3 
oligodendrocytes 

7 <3 

Fetal neurons 4 < 32 



4 and 7 days post-infection. Very low titers, in the order of 56 to lOO 

TC 1 D so/ml were fou nd for the mix of adult oligodendrocytes and 

astrocytes, and in adult microglia 2 days after inoculation, suggesting 

th at the reduced po pu la ti on of infectable astrocytes was in fact 

producing sorne virus, as were the microglia. However, as with fetal 

neurons, these low titers, only observed at 2 days post-infection, may 

represent the viral inoculum. Therefore we can only conclude that 

virus productively infects fetal astrocytes (Table 14). 

7 . H yb rid oma s 

In order to produce mo use monoclonal an ti bodies against HCV

OC43 a BALB/c mouse was immunized intraperitoneally with 100 J.Lg 

of semi-purified HCV -OC43. The mou se was boosted with an 

intraperitoneal injection of 100 !lg of semi-purified virus and two 

intravenous injections of 200 Ill of HCV -OC43 P4. The spleen was 

extracted and 4.9xi07 cells were used in conjunction with 5.4xi07 

myeloma cells. After fusion, the hybridomas obtained were cloned by 

Ii mi ting dilution. The supernatants were screened by IF on HRT -18 

cells infected with OC43. Immunofluorescence was also performed in 

non-infected cells to discard hybridomas that reacted with non

infected cells. We obtained 4 clones and two hybridomas that are in 

stock to clone in the future. The immunoglobulin isotypes were 

determined by a double immunodiffusion test (Table 15). Ascites 

fluids were produced from the 3-2B.2 clone and the concentration of 
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Table 14: Infectious viral particles in extracellular medium of 
cultures of cells inoculated with HCV -OC43. 



Ce li type Ti me post- Infectious titer 
inoculation TCIDso/ml 

(da y s) 
Fetal astrocytes 2 3163 

4 3163 

7 31623 

Adult microglia 2 100 

4 <3 

7 <3 

A duit astrocytes and 2 56 
oligodendrocytes 

4 <6 

7 < 10 

Fetal ne ur on 4 1 8 
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Table 15: List of immunoglobulin isotypes of the produced mo use 
anti-OC43 monoclonal antibodies. 



Clones I gG Isot yp e 

3-2B.2 2a 

2-3C.l 2b 

2-3C.2 2b 

1-70.3 2a 

Hybridoma s 

2-7B 1 

1-50 2a 



17.6 mg/ml was determi ned by a prote in assay. 

characterization of these antibodies is m progress. 
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Further 



DISCUSSION 



The fact that munne respiratory coronaviruses cause a 

demyelinating disease in mice suggested a possible equivalent m 

hu mans. Furthermore, severa! studies have reported the finding of 

human coronaviruses in the central nervous system of patients with 

multiple sclerosis (Tanaka et al., 1976; Murray et al., 1990; 1992b; 

Stewart et al., 1992), a demyelinating disease. This suggests a possible 

neurotropism of human respiratory coronavuuses. Although the 

neurotropism of human coronaviruses bas not yet been proven, 

studies in immortalized human neural cell tines have shown that these 

cells can be infected in vitro by HCV, and th at the infection can be 

persistent and productive (Collins and Sorensen, 1986; Talbot et al., 

1994; Talbot, persona! communication). There is usually a correlation 

between the in vitro and in vivo systems, however, there is always a 

possibility of cell alteration in the in vitro cell immortalization process 

which could modify the virus/host interactions. In order to use the 

closest model to in vivo, we used primary cultured human neural cells 

to verify infectability by human coronaviruses. A study reported that 

astrocytes in a primary culture of embryo brain cells were infectable 

with OC43 (Pearson and Mi ms, 1985). Unfortunately, there was no 

description of the methodology used and no controls of any kind were 

mentioned. 

To detect viral antigens tn in vitro inoculated human neural 

primary cultured cells, we used an indirect immunofluorescence test. 

To determine the infected cell type, we used the indirect double 

immunofluorescence technique where the viral antigen and the cell 
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marker were labeled in the same field. The indirect labeling required 

two antibodies produced in different animal species in order to avoid 

recognition of both antibodies by the fluorochrome-conjugated 

secondary antibody. In the case of HCV -OC43, due to the animal 

species in which the commercial markers were produced, we needed 

to use an anti-OC43 antibody produced in an animal species other than 

mouse or rabbit. For this purpose we produced a guinea pig polyclonal 

an ti body. 

In preliminary experiments to optimize detection techniques, we 

observed non-viral specifie fluorescence with the monoclonal 

antibodies, most likely due to their attachment to cells by their Fe 

portions (Oleszak and Leibowitz, 1990). To solve this problem we 

digested the monoclonal antibodies with pepsin and purified F(ab'h 

fragments devoid of the Fe portion. The biological activity of the 

fragments was verified In an immunofluorescence test. Antibodies to 

cell markers were also tested. Ali the antibodies chosen, that is anti

virus, cell marker, or fluorochrome-conjugated were tested in 

immunofluorescence at different dilutions to determine the optimal 

dilution to be consistently used in the immunofluorescence tests. 

Even though we chose antibodies to cell markers and anti-viral 

antibody made in different species, we wanted to make sure that the 

fluorochrome-conjugated antibodies were specifie to their species and 

did not cross-react. To do this, we tested all possible combinations 

that could be encountered in the immunofluorescence tests. There 
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was only one antibody that cross reacted, the FITC guinea ptg was 

shown to recognize the mouse immunoglobulins. Therefore no 

experiments were designed where these two antibodies interacted. 

Once ali the antibodies where checked and the technique was 

optimized, we proceeded with the immunofluorescence tests of the 

infected primary cultured neural cells. 

To ensure that the immunofluorescence observed m the 

inoculated pnmary cells was specifie to viral antigens, we used a set of 

controls in each experiment. The first control chosen was a double 

immunofluorescence in non-infected cells to verify viral-free samples 

and any possible non viral-specifie fluorescence. The second was a 

replacement of the antiviral antibody with the dilution buffer in order 

to detect a possible overlapping In the wavelengths of the 

fluorochromes (fluorescein and rhodamine). The third was a 

replacement of the antiviral antibody with an isotypic control in the 

case of mAb or by a pre-immune serum tn the case of a polyclonal 

antibody to verify that there was not a non-specifie binding of 

antibodies to the cells. Ail inoculations were done at a high MOI, 4 or 

8, to make sure that there was enough virus to infect ali cells. Because 

we used an an ti-virus monoclonal an ti body, we were sacrificing 

sensitivity for specificity. The mAb would only recognize one epitope 

of a single viral protein, so we decided to include an anti-virus 

polyclonal antibody to broaden the spectrum of viral detection. 
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For HCV -229E, the re were no positive results m 

immunofluorescence. In the case of HCV -OC43, we fou nd th at hu man 

fetal astrocytes, adult microglia, and adult astrocytes were infectable. 

At 2 days post-inoculation 10% of the hu man fetal astrocytes were 

infected, at 4 days, 50 to 70% and at 7 days, 90 to 100%. For the 

human adult microglia, 10% of the culture was infected at 2 da ys post

inoculation, 40% at 4 da ys, and 80 to 100% at 7 days. Quantitation of 

infected cells was made possible by the double labeling, the non

infected cells were positive for the cell marker but negative for the 

viral antigen. The fluorescence observed was typical of coronaviral 

infection, that is strictly cytoplasmic since the viral replication cycle 

takes place only in the cytoplasm (Holmes, 1990). We also observed a 

concentration of antigens in vacuole-Iike formations. This was 

corroborated by electron microscopy of thin sections of infected cells, 

where accumulation of HCV was obser\'ed in vacuoles of human fetal 

astrocytes. 

infecta ble. 

Human adult neurons and oligodendrocytes were not 

Results obtained with HCV-229E were somewhat surpnsmg 

because it has been reported that viral RNA of this HCV strain could be 

detected in brains of sorne MS patients. This suggested that perhaps 

the immunofluorescence technique was not sensitive enough to detect 

the viral antigens. As an alternative we used RT-PCR/Southern

blotting to detect viral RNA in the infected cells. Because the amount 

of cells present in the dises of primary cultured cells was very low 

compared to continuous cells lines where the RT-PCR was optimized, 
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we were concerned that we would not have enough viral RNA for 

amplification and detection. To determine the limits of detection, we 

ran an RT-PCR with ten-fold seriai dilutions of RNA extracted from 

L132 cells at 20 hrs. post-inoculation with HCV-229E. We were able to 

detect the amplification of viral genome from as little as 7.1 x 10-7 ~g of 

total RN A in an agarose gel stained with ethidium bromide (Figure 16) 

and from as little as 7.1 x 10-9 J.Lg of total RNA in hybridization (Figure 

17). These results showed that we had enough neural cell specifie 

RNA to detect viral RNA. We obtained positive results for human fetal 

astrocytes, human adult microglia, and for a mix of adult 

oligodendrocytes and adult astrocytes. Unfortunately, because the 

latter sample was a mix of cells, we cannot conclude as to which cell 

type is infected. We could not test fetal neurons by RT-PCR due to a 

shortage of samples. 

To make sure that the viral RNA detected was in fact the genome 

of internalized or newly produced viral particles in inoculated cells 

and not from adsorbed virus on the cell surface we ran a control test. 

We used HeLa cells that are susceptible to 229E infection, and we 

allowed the virus to adsorb for 2 hours at 4°C. An RT-PCR/Southern 

blotting was performed with the RNA of non-infected, cell-adsorbed 

virus and cells at 7 days post-inoculation. We only obtained positive 

results for the 7 days post-inoculation sample, which proved that the 

viral RNA amplified was produced in the infected cells. 
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The use of enriched primary human neural cell cultures enabled 

us in most cases to determine which cell type was infectable and also 

to determine which cell type could produce infectious virus. Ail the 

previous reports on infection of primary cultures besides the one of 

Sharpless et al. ( 1992) with HIV used cell mixes. The se results are 

also important since molecular data of viral RNA detection by RT-PCR 

m CNS tissue from human patients only indicates the presence of virus 

m the CNS but cannot define in which cell the virus is found and if this 

virus has been produced there or elsewhere, unless in situ 

hybridization is used (Murray et al., 1992b). 

To verify the prod ucti vi ty of the infection, an indirect 

immunoperoxidase test was conducted on the cell culture supernatants 

from coronavirus-susceptible ce Ils. \Vith HCV -229E, only human fetal 

astrocytes were shown to produce infectious virus. The titers obtained 

were very low, which could explain the negative results obtained in 

immunofluorescence and at the same time the positive results in RT

PCR/Southern-blotting. That is, the cells are infected but they produce 

low levels of pro geny virus. As for HCV -OC43, adult microglia and 

fetal neurons did not produce significant amounts of infectious virus. 

On the other hand, fetal astrocytes produced a significant titer of 

infectious vuus and there was a clear increase in titer with time after 

infection. This was also seen using the immunofluorescence technique. 

We also obtained low titers of HCV-OC43 in the mix of adult 

oligodendrocytes and astrocytes. Since it was a mix we cannot 

conclude which cell type produced the virus, but we are inclined to 
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think that the virus cornes from infected astrocytes. This is supported 

by the fact that the mixed cell cultures were 80-90% oligodendrocytes 

and by the results from an immunofluorescence assay in which the 

only fluorescent ceiis in the mix, were ali positive for GFAP staining, 

the astrocytes marker. It IS important to note that we could not label 

the oligodendrocytes in our immunofluorescence assay. Another 

aspect to consider is that we did not have control over the number of 

cells plated in each culture dish, which may reflect in the difference in 

viral titers obtained from different cultures. 

The difference in the degree of infectability of the two strains is 

not a surprise since this phenomena has been reported in the mouse 

model with murine coronavirus (Dubois-Dalcq et al., 1982; Gagneten et 

al., 1995). It is hard at this point to speculate why strain HCV-229E 

infects poorly when compared to HCV -OC43 smce there is not enough 

molecular data available for both strains. It may be due to a 

difference in receptors expressed in the neural cells. Again, the 

receptor for OC43 is not yet known so it is only a hypothesis. Another 

explanation could be the presence of an intracellular factor used by 

one of the strains which facilitates infection. The infectability pattern 

of the virus found in the present study is similar to the one observed 

m mo use neural primary cultured ce Ils infected with HCV -OC43 as 

weil as in the study with primary human embryo brain cell culture 

(Pearson and Mims, 1985). Similarly, studies with murine 

coronaviruses have shown that ali neural cells can be infected but 

each strain has a different pattern of infection (Dubois-Dalcq et al., 
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1982; Suzumura et al., 1986; Gagneten et al., 1995). It is interesting to 

see that in the murine model, as weil as, m the human one there are 

overlapping results; a low or nil infectability of neurons and a very 

high infectability of astrocytes. On the other hand, the results with 

continuous cell lines do not correlate with those from primary cell 

lines, where both HCV strains -229E and -OC43 show high infectability, 

high infectious titers and where ali the immortalized cell types are 

infectable (Talbot et al., 1994; Talbot persona! communication). 

Although our study provides more detailed information on the 

characterization of the infection of human neural cells by human 

coronaviruses, there IS a need of further investigation to understand 

the neurotropism of coronavirus. 

It is difficult to compare coronavirus infection of neural cells to 

other viral systems because there are very few reports of in vitro 

infection of human neural cells. From the data available it can be seen 

that neurotropic viruses usually target a specifie neural cell type. For 

example, it is suggested that HSV and JC virus infect astrocytes, 

although these studies are not conclusive. In a more complete study, 

HIV-1 has been shown to selectively infect microglia (Brynmor et al., 

1990; Sharpless et al., 1992; Lee et al., 1993). It is very important to 

understand which neural cell type is susceptible to infection by human 

coronaviruses to make the link between a neurological disease and 

this agent. 
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The goal of this project was to characterize the infectability of 

primary cultured human neural cells by human coronaviruses 229E 

and OC43. 

We have demonstrated that fetal astrocytes, adult microglia, and 

a miX of adult oligodendrocytes and astrocytes are infectable by HCV-

229E. The infection seems to occur at a low level, since viral RNA 

could only be detected in inoculated cells using a RT-PCR/Southern 

blotting technique, but no viral antigens could be detected using 

indirect immunofluorescence and only fetal astrocytes produced very 

low titers of infectious virus. Viral antigens could not be detected in 

neurons but these cells could not be tested in RT-PCR due to a lack of 

samples. 

We have demonstrated by indirect immunofluorescence that 

fetal astrocytes, adult astrocytes, and adult microglia are susceptible to 

infection by HCV -OC43, wh ile adult oligodendrocytes are not. A duit 

microglia did not produce infectious virus while fetal astrocytes 

produced high titers which increased with time of infection. The mix 

of adult oligodendrocytes and astrocytes produced low titers of 

infectious virus. The virus from these cells could have been produced 

by the astrocytes since they were positive in immunofluorescence and 

the oligodendrocytes were not. Viral antigens could not be detected in 

neurons and these cells did not produce infectious virus, suggesting 

that they are not infectable. This could be verified in the future with 



the availability of more cells for testing with the more sensitive RT

PCR/Southern-blotting technique. 

The results obtained in this project are consistent with the 

hypothesis of the neurotropism of human coronaviruses and their 

possible implication in a neurological disease su ch as multiple 

sclerosis. However, the use of in situ techniques on brain or spinal 

cord sections will be needed to clearly demonstrate the neurotropism 

of human respiratory coronaviruses. 
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