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The Fly

Little fly,

Thy summer’s play.

My thoughtless hand.

Has brush’d away.

Am I not,

A fly like thee?

Or art not thou,

A man like me?

For I dance.

And drink and sing,

Till some blind hand, 

Shall brush my wing.

If thought is life.

And strength and breath. 

And the want,

Of thought is death.

Then am I,

A happy fly.

If I live.

Or if I die.

WILLIAM BLAKE



If space and time,

As sages say,

Are things that can not be.

The fly that lives a single day. 

Has lived as long as we.

But let us live.

While yet we may.

While love and life are free. 

For time is time.

And runs away.

Though sages disagree.

T. S. ELLIOT

This thesis is dedicated to my Grandpa.
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ABSTRACT
Animal models of human disease are invaluable tools. They allow researchers to 

understand many aspects of human disease that can not be studied in vitro. With respect 

to viral diseases, these include initial stages of viral infection, viral load levels in various 

organs and viral and cellular gene expression patterns. In addition, transgenic animal 

models can be used to study the in vivo effects of one or more viral genes in the absence 

of the rest of the viral genome.

The recently discovered Kaposi's sarcoma-associated herpesvirus (KSHV, also known as 

human herpesvirus 8 or HHV-8) (Chang et al., 1994) was the first human gamma-2 

herpesvirus to be identified. It is causally linked to three diseases, Kaposi’s sarcoma 

(KS), primary effusion lymphoma (PEL) and multicentric Castleman’s disease (MOD). 

Humans appear to be the natural host for KSHV, and there is no evidence to suggest that 

any natural infection of animal species occurs. In addition, transmission of the virus to 

common laboratory animals has not been reported (Dittner et a l, 1999). Because a 

suitable animal model of viral infection is not yet available, the study of KSHV biology 

has been greatly impeded.

Transmission of KSHV to an animal species requires that the virus is able to permissively 

infect the host cells. In all animal species studied so far, this has not occurred. One way 

of bypassing the need for infection, and permitting the study of the in vivo effects of one 

or more viral genes, is the use of microinjection technology. With the aid of this 

technology, three different homozygous lines of transgenic mice were created: One 

containing the KSHV encoded K1 gene, another containing orfs 71 and 72 and a third 

containing orfs 71, 72, and 73.

Southern blot analysis revealed that each line contained one integration site, and that the 

integration patterns varied. Transgene mRNA transcripts were detected in all lines by 

RT-PCR analysis, and Western blot analysis revealed that LNA and K-cyclin proteins 

could be detected in some lines. Some phenotypic analysis has also been carried out.
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1. GENERAL INTRODUCTION

1.1 Kaposi's Sarcoma-Associated Herpesvirus

Since its discovery in 1994 (Chang et al), Kaposi's sarcoma-associated herpesvirus 

(KSHV, also known as human herpesvirus 8 or HHV-8) has been the subject of intense 

study. There are two main reasons for this. Firstly, the virus is of clinical importance 

because it has been shown to be associated with three major acquired immunodeficiency 

syndrome (AIDS) - related diseases. Secondly, it is of importance to molecular biologists 

as a tool to aid our understanding of the mechanisms used by oncogenic viruses to 

interact with the host cell and to induce cellular proliferation and/or transformation.

1.1.1 Disease Association

Although studies linking KSHV to other disorders are yet to be confirmed, it is widely 

accepted that the virus is linked to at least three diseases: A vascular tumour called 

Kaposi’s sarcoma (KS), a B cell lymphoma known as primary effusion lymphoma (PEL) 

and a rare lymphoproliferative disorder called multicentric Castleman’s disease (MCD).

1.1.1.1 Kaposi’s Sarcoma

KSHV DNA fragments were first isolated from a KS lesion taken from an AIDS patient, 

and for this reason, the investigators named the virus Kaposi’s sarcoma-associated 

herpesvirus. KS lesions are histologically complex. They progress from the early patch 

or plaque stage to nodular lesions, which are characteristic of advanced disease. Spindle 

cells (elongated cells assumed to be of endothelial origin) are thought to be the ‘tumour 

cells’ of KS, since these form the bulk of established lesions.
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The exact cellular origin of spindle cells is not known, but soon after the discovery of the 

virus, KSHV was found to be exclusively present in these and endothelial cells within the 

KS lesion (Boshoff et al, 1995a).

KS Subtypes

KS has been divided into four different subtypes based on clinical and epidemiological 

differences: Classic, endemic, iatrogenic, and AIDS-KS. Originally described by Moritz 

Kaposi in 1872, classic KS occurs mainly in elderly men of Mediterranean descent.

Endemic KS is found in sub-Saharan Africa and existed for many decades prior to the 

AIDS epidemic. Like classic KS, it is more common in men than in women; and this 

may either be due to hormonal differences between the sexes, or differences in risk of 

viral infection. Endemic KS is usually relatively mild in adults, and is mainly confined to 

skin lesions. However, in children it progresses more rapidly and is often fatal.

AIDS-KS is the most aggressive form, and as well as skin, lymph and mucosal tissues, 

organs such as the lung and spleen are also often involved. Gay men are at highest risk of 

acquiring AIDS-KS, and early in the AIDS epidemic it was found that gay men with 

AIDS had a 50% chance of developing KS during their lifetime (Katz et al, 1994). 

Although it was first described in the United States in the early 1980’s, AIDS-KS is no 

longer limited to developed countries. It is now widely present in the same regions of 

Africa where endemic KS was first described.

Viral Transmission

Interestingly, the main mode of viral transmission in a particular area of the world seems 

to correlate with the predominant KS subtype in that area. For example, evidence 

suggests that KSHV may be primarily a sexually transmitted disease in America and parts 

of Europe where AIDS-KS is most common.

14



In 1998, Martin et a l, found that KSHV infection in men from San Francisco correlates 

with the number of male sexual partners they have had (after controlling for CD4 count, 

HIV status, shared needle use and history of blood transfusion). Similar results were 

gained from a study involving a cohort of Danish homosexual men (Melbye et al, 1998). 

In this study, the researchers also found that KSHV seropositivity was independently 

correlated with previous sexual contact with an American. This finding, together with 

others, suggests that KSHV has been exported from US epicentres of the AIDS epidemic 

to gay communities in other countries. (Archibald et a l, 1990, Beral et a l, 1991).

The main mode of transmission of KSHV in endemic areas of the world is unlikely to be 

sexual: Several studies have indicated that KSHV can be detected in semen from KS 

patients in the UK and America, and from some HIV positive patients without KS, but 

almost never in healthy donors. (Howard et al, 1997, Tasaka et al, 1996, Vieria et al, 

1997). In contrast, KSHV infection is widespread in both women and men in African 

countries, and very high seroprevelance rates have been found in Uganda, Zambia, and 

West Africa. (Gao et al, 1996b, Olsen et al, 1998, Ariyoshi et al, 1998.)

In a retrospective study carried out on sera taken from a Zambian population in 1985, it 

was found that HIV infection rates peaked amongst 20 to 29 year olds, as expected for a 

sexually transmitted agent. However, KSHV seroprevelance was high in adolescents, and 

increased with age. Also, according to polymerase chain reaction (PCR) and serological 

studies, KSHV infection seems to be rare in infants and children in the USA and Europe, 

but more common in areas where KS is endemic. This suggests that horizontal, non- 

sexual transmission may be important in Africa and areas of endemic KS. Oral and nasal 

secretions have been put forward as possible sources of infectious virus, but precise 

modes of virus transmission are not yet known (Blauvelt et al, 1997, Kasolo et al, 1997, 

Raab et al, 1998, Regamey et al, 1998a, Ziegler and Katongole-Mbidde, 1996.)

Iatrogenic transmission of KSHV (transmission as a result of medical treatment) is, on the 

whole, probably less important than horizontal and sexual transmission.

15



Blood transfusion related KSHV transmission is likely to be uncommon (reviewed by 

Sarid et al, 1999) and organ transplant related transmission is only likely to occur in 

some cases (Regamey et al, 1998b).

Both Parravicini et al (1997) and Qunibi et al (1998) showed that transplant patients 

who had developed KS have detectable antibodies against the virus. Interestingly, 

however, Parravicini and colleges found that 10 out of the 11 Italian patients they studied, 

who developed KS after transplantation, were infected with KSHV before they received 

the organ allograft. Their allograft donors and a control group were all seronegative. 

This suggests that primary infection is not the main cause of KS development in these 

patients, and instead, virus reactivation due to immune suppression may be more 

important.

However, transplant related transmission may occur in some cases. Parravicini et al 

(1997) reported one case, and a later study by Regamey et al, (1998b) also supports this 

view: They studied 220 Swiss transplant patients, and found that 11% seroconverted 

within one year of transplantation. Although the researchers believe that most of the 

patients had been infected from the allograft, infection from donated blood may also have 

occurred.

The association between KSHV and KS

Despite their clinical and epidemiological differences, all four KS subtypes are 

histologically indistinguishable, and KSHV DNA has been detected in all of them 

(Boshoff et a l, 1995b, Dupin et a l, 1995, Moore and Chang, 1995). It has also been 

detected in all fresh biopsy KS specimens, and in most paraffin embedded material tested. 

However, detection of KSHV in the tumour is not sufficient evidence to consider it to be 

a causal factor of KS. The cytokine rich environment of a KS lesion could perhaps 

encourage KSHV replication, or proliferation of cells infected with the virus. If this is the 

case, KSHV might only be a ‘passenger’ in KS lesions, and not the cause of them.
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In their review article, Sarid et al, (1999) use Hill’s criteria (1965) to examine the causal 

relationship between KSHV and KS in detail. They explore the strength, specificity and 

generalisability of association (is infection uniquely associated with KS, and associated 

with all forms of KS? is infection associated with an increased risk of developing KS?), 

and the temporal association (does viral infection precede disease onset?). Consistency 

and plausibility (are the research findings reproducible using different methods and 

different samples? is it biologically possible that KSHV could cause KS?) are also 

studied.

In agreement with almost all other researchers in the field, the authors conclude that 

KSHV is an essential factor in the development of KS. However, they stress that other 

factors, such as immunosuppression must usually also be present for the development of 

disease: "In our view, KSHV largely fulfils Hill's criteria as a causal factor... Kaposi's 

sarcoma-associated herpesvirus is likely to be necessary but is not sufficient to cause  

KS tumour formation".

1.1.1.2 Primary Effusion Lymphoma

Primary effusion lymphoma (PEL, previously called body cavity-based lymphoma) was 

found to be infected with KSHV by Chang et al, (1994). These lymphomas occur most 

often in AIDS patients, but KSHV has been associated with PEL in patients both with and 

without HIV infection (Karcher et a l, 1992, Knowles et al, 1989, Walts et al, 1990).

Interestingly, the only cell lines that are able to maintain KSHV in culture are derived 

from PEL. These include BC-1 (Caesarman et a l, 1995), BC-3 (Arvanitakis et a l, 1996) 

and BCP-1 (Boshoff et a l, 1998a). Since most, but not all PEL also contain the Epstein- 

Barr virus (EBV) (Ascoli et al, 1998, Cesarman et al, 1995, Nador et a l, 1996), it is not 

surprising that only a few EBV negative PEL cell lines have so far been established. 

(Arvanitakis et al, 1996; Boshoff et al, 1997; Gao et al, 1996c; Renne et al, 1996, Said 

et al, 1996).
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Although these cell lines are commonly used for research purposes, it has recently been 

shown that viral gene expression here does not accurately mirror expression in diseased 

tissues: Parravicini et al. (2000) used specific antibodies against both latent and lytic 

proteins to examine gene expression in KS, PEL and MCD biopsies as well as PEL cell 

lines. It was found that KSHV protein expression was more tightly regulated in vivo, and 

the authors suggest this may be related to immune responses to the virus.

1.1.1.3 Multicentric Castleman’s Disease

Less than a year after KSHV was found to be associated with PEL, Soulier et al, (1995) 

showed that the virus is linked to another lymphoproliferative disorder, multicentric 

Castleman’s Disease (MCD). Using PCR analysis, they found KSHV DNA in 100 per 

cent of HIV-infected patients with MCD, over half of whom also had KS. In contrast, 

under half (7 out of 17) of the HIV negative patients with CD were PCR positive for 

KSHV.

One possible explanation is that unlike in KS and PEL, KSHV may not be associated with 

all forms of CD. Consistent with this idea, a later study suggested that KSHV infection 

might be primarily (but not exclusively) associated with one form of CD, known as the 

plasma cell variant (Corbellino et a l, 1996). Interestingly, patients with the plasma cell 

variant are at increased risk of developing KS.

High levels of interleukin 6 (IL-6) activity both in situ and in animal models has been 

linked to the pathogenesis of CD (Brandt et al. 1990 a and b. Burger et a l, 1994). In 

addition to this, monoclonal antibodies against IL-6 have been successfully used to treat 

one patient with CD (Beck et al, 1994). These data are fascinating, because KSHV 

encodes a viral form of IL-6 that is structurally and functionally similar to cellular IL-6. 

(^oovQ et al, 1996, Nicholas era/. 1997).
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1.1.1.4 Other Diseases

Data from polymerase chain reaction (PCR) based studies have been used to link KSHV 

to a variety of other diseases. For example, Nishimoto and colleagues (1997) detected 

KSHV DNA in paraffin-embedded samples from skin lesions including squamous cell 

carcinoma, malignant melanoma, chronic dermatitis and Bowen’s disease. Rettig et al, 

(1997) also claimed that KSHV DNA could be detected in cultured cells from patients 

with multiple myeloma. However, other researchers have been unable to reproduce either 

of these findings, and it has been suggested that the results are likely to be due to PCR 

contamination.

1.1.2 Virology

KSHV has been classified as a gamma-2 herpesvirus (or rhadinovirus); the first human 

gamma-2 herpesvirus to be identified. When it was discovered, its closest known relative 

was herpesvirus Saimiri (HVS), which infects new world monkeys (Sarid et al, 1999). 

However, several closer related viruses have since been identified. These include 

RFHVMn and RFHVMm, which were found in retroperitoneal fibromatosis (RF) tissues 

from macaques (Rose et al, 1997), ChRVl and ChRV2, from African green monkeys, 

(Greensill et a l, 2000) and rhesus monkey rhadinovirus (RRV), which infects rhesus 

macaques (Desrosiers et al, 1997). KSHV's closest human gammaherpesvirus relative is 

the Epstein-Barr virus (EBV) (See Figure 1.1).
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HHV-7HSV2
a-herpesvinises

HSVl B-heroesvirusesHHV-6

HCMVVZV
New World 
Y1-herpesvirus

HVA ChRV2

RRV
HVS RFHVMn

RFHVMm
KSHV

ChRVl

Figure 1.1 Herpesvirus phylogenetic tree (adapted from Greensill et a l, 2000). This 
shows that KSHV has been classified as a gamma-2 herpesvirus. Its closest 
human gammaherpesvirus relative is the Epstein-Barr Virus (EBV).

Anticlockwise from top: HHV: Human Herpesevirus, HSV: Herpese Simplex 
Virus, VZV: Varicelar-Zoster Virus, HVA: Herpesvirus Ateles, HVS: Herpesvirus Saimiri, 
KSHV: Kaposi’s Sarcoma-associated Herpesvirus, ChRV: Chimpanzee Retrovirus , RFHV: 
Retroperitoneal Fibromatosis Herpese Virus, RRV: Rhesus monkey Rhadinovirus, EBV: 
Epstein-Barr Virus, HCMV: Human Cytomegalovirus.

The gammaherpesviruses are all able to infect lymphocytes and are often associated with 

lymphomas, especially in non-native hosts (Neipel et al, 1998). Like other 

herpesviruses, they replicate in the nucleus of the cell, undergo latency, and encode 

homologues to cellular enzymes (such as DNA polymerase), involved in DNA replication 

and nucleic acid metabolism (Roizman, 1993). All herpesviruses contain an exterior viral 

envelope with fringe proteins, a tegument, a capsid and an electron dense DNA core 

(Figure 1.2).
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Viral envelope 

D N A  core 

Capsid structure 

Tegument

Figure 1.2 A KSHV viral particle (Photo courtesy o f  D. Ablashi). Like all
herpesviruses, KSHV contains a viral envelope, a tegument, a capsid 
and a DN A  core.
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1.1.2.1 Latent and lytic life cycles

In order to reduce potential targets for host immune responses, herpesviruses minimise 

their gene expression and become “latent”. The latent virus relies heavily on cellular 

replication machinery for genome replication and repair, and whole virions are not 

produced. During the “lytic” (productive) phase of the virus life cycle, a full range of 

viral genes are expressed in tightly regulated cascades; controlled by viral transactivator 

proteins. New virus particles are produced and released when the host cell lyses and dies.

In PEL cell lines, most cells are latently infected, and only a small fraction are 

spontaneously shifted to lytic replication at any one time (Katano et al., 1999). However, 

lytic replication can be chemically induced by phorbol esters such as TPA (12-0- 

tetradecanoylphorbol-13-acetate), or by sodium butyrate (Miller et al, 1996, 1997).

In KS in vivo, lytic replication is also rare: VP23 is a gene coding for the minor capsid 

protein, which is specifically expressed during the lytic replication cycle. Blasig et al, 

(1997) used this as a marker for productively infected cells, and performed in situ 

hybridisation of KS lesions. The results indicate that only 0.5 to 1% of cells in the lesion 

are productively infected by KSHV. Actively replicating HIV has been shown to rapidly 

induce lytic replication of KSHV, and it has been suggested that this may affect the 

pathogenesis of KS in individuals coinfected with the two viruses (Varthakavi et a l, 

1999). However, even in HIV-associated KS, only about 1% of the cells are lytically 

infected, suggesting that cell type is a limiting factor here.

In contrast to most structural and lytic replication genes, which are highly conserved 

between herpesviruses, great variation exists among the latent genes, and latency 

expression programmes. For example, although KSHV and HVS are genomically very 

similar, KSHV seems to be missing genes corresponding to HVS genes encoding Saimiri 

transforming protein (STP) and tyrosine -kinase interacting protein (TIP).
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The latency associated nuclear antigen (LANA or LNA) encoded by open reading frame 

(orf) 73 is present in both viruses, but the two proteins differ greatly in their repeat region 

domains, and only KSHV LNA contains a leucine zipper motif. Also, HVS orf73 is 

expressed as an immediate-early protein, whereas KSHV LNA is expressed during 

latency (Gao et al, 1996a; Rainbow et al, 1997; Sarid et al, 1998).

Differences between KSHV and EBV latent gene expression are even more distinct, in 

that none of the EBV latent nuclear antigen or membrane protein genes are conserved in 

KSHV. It has been suggested that this may be due to the strong evolutionary pressure 

placed on latent herpesvirus proteins (Russo et al, 1996). This is interesting because it is 

the latent genes that are thought to be primarily involved in herpesvirus-induced cell 

transformation and disease (Roizman, 1993). Although paracrine effects induced by 

lytically infected cells within KS lesions have not been fully examined, and may help to 

maintain the tumour, tumour cells themselves must be (and are) latently infected, because 

lytic replication leads to cell death (Staskas et al, 1999).

1.1.2.2 The KSHV Genome

The KSHV genome exists as a circular “episome” (or plasmid) within the nucleus of an 

infected cell, but is linear within a mature viral particle. This linear genome consists of a 

140kb long unique region (LUR), and a 12.5 to 17.5kb long, G/C rich, terminal repeat 

(TR) unit on either side (Russo et al, 1996). The genome circularises into the episomal 

form after entering the cell by concatenation (joining) of the two TR regions.

The LUR contains all known coding regions of the virus, and at least 87 orfs have been 

identified by sequencing and computer analysis. (Raab et a l, 1998; Nicholas et al, 1997; 

Russo et a l, 1996). KSHV orfs which share sequence similarity with HVS orfs have 

been assigned the HVS orf number, even if their relative positions in the genomes are 

different (e.g., orfZ and orfZO).
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Orfs thought to be unique to KSHV when first identified were numbered with a K prefix, 

starting at orf Kl at the left hand end of the genome, and extending to orf K15 at the right 

hand end. Newly discovered orfs are assigned a decimal notation (e.g., K4.1) (Russo et 

al, 1996).

The viral genome has been divided into seven “gene blocks”, containing a total of 67 

genes which are conserved between herpesvirus subfamilies (Chee et a l, 1990; Russo et 

al, 1996). The majority of these genes encode proteins involved in the formation of the 

viral capsid and are transcribed in cells undergoing lytic replication (Sarid et a l, 1998). 

Situated in the interblock regions, (between the conserved gene blocks) are six clusters of 

very diverse genes.

Several of these are homologous to cellular regulatory genes, are found only in KSHV or 

closely related rhadinoviruses, and are often expressed during latency. Many seem to be 

derived from cellular cDNA precursors. However, since no herpesvirus encodes a reverse 

transcriptase gene, the mechanism for this “molecular piracy” remains unclear (Neipel et 

al, 1998). One possibility is that endogenous retrovirus reverse transcriptase has been 

used to convert cellular mRNA into viral DNA, but this remains to be proven.

The relative positions of the four genes studied in this thesis are shown (Figure 1.3). Orf 

Kl is the first orf of KSHV, positioned at the “left” end of the genome. It is transcribed 

from the sense DNA strand, and its mRNA is not spliced. In contrast, orfZl (K13) orf72 

and orf73 are located at the “right” end of the viral genome, and are transcribed from the 

antisense DNA strand. They form part of a potential “oncogenic cluster" of genes 

(Boshoff, 1998) who’s polycystronic mRNAs are transcribed from a common promoter, 

upstream of orf73.
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Dittner et a l (1998) identified three different mRNAs arising from the cluster: A 5.8kb 

unspliced transcript, that includes all three genes; and a less abundant mRNA of 5.4kb, a 

variant of the larger transcript in which the non-coding information has been removed by 

splicing (known as latent transcript 1 or LTl). A third, more abundant mRNA of l.Vkb in 

which orf73 has been spliced out (LT2) also exists.

Sarid et al (1999) published similar findings. They also showed that as well as LTl and 

LT2, in Northern blot analysis, a probe internal to orf72 detects the presence of a low- 

abundance transcript about Ikb in size. Although further characterisation of this 

transcript was not performed, this suggests that an mRNA containing only orf72 may also 

exist.

In situ hybridisation analysis was used to show that the transcripts are detectable in many 

latent BC-1 cells and in over 70% of KS spindle cells in primary tumours. These 

transcripts appear to be differentially spliced under different cellular conditions: Talbot et 

al (1999) identified the two smaller transcripts in BCP-1 cells (though this group found 

that the larger of the two was 5.32kb). They showed that the 1.7kb transcript became 

more abundant in cultures induced with «-butyrate, while the 5.32kb transcript did not. In 

addition, it has been found that while LT2 transcripts are highly expressed in KS lesions, 

LTl transcripts can only be detected in adjacent lymph nodes (Sturzl et a l, 1999).
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Figure 1.3 Relative positions o f  K l, ort71, orf72, orf73 (adapted from B oshoff 
et al., 1998). O rf K l is the first orf o f  KSFIV, positioned at the “left” 
end o f  the genom e and transcribed from the sense D N A  strand.
Orf71 (K 13) orf72 and orf73 are form a cluster at the “right” end o f  the 
genom e, and are transcribed from the antisense D N A  strand. Three 
different sized mRNA products arise from this cluster.
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Kl

Although Kl was previously thought to be unique to KSHV, it has since been found that 

the recently identified Rhesus monkey herpesviruses encode a Kl homologue (Hayward, 

1999). RRV, for example, encodes orf Rl. Kl is a positional homologue of both latent 

membrane protein-1 (LMP-1) of EBV and simian transforming protein (STP) of HVS. 

Like Kl, these are also membrane-bound proteins (Figure 1.4).

It has been shown that STP is able to immortalise primary T lymphocytes in vivo and 

induce lymphomas in marmosets (Desrosiers et al., 1985; Medveczky et al., 1993; 

Koomey et al., 1984; Murthy et al, 1989). For this reason, experiments have been 

carried out to test whether Kl also has transforming properties. A myc tagged Kl 

sequence has been transfected into COS-1, BCBL-1 and BLAB cells, and an anti-myc 

antibody was used to probe the cell lysates. Interestingly, although the predicted protein 

size is 32KDa, a 50KDa protein was detected. This increase in size was found to be due 

to glycosylation (Lee et al, 1998b).

Kl is able to induce transformation in Rat-1 cells in vitro, and a recombinant HVS virus, 

containing Kl in place of STP immortalises T lymphocytes and induces lymphomas when 

injected into marmosets (Lee et a l, 1998b). However, it was found that one of the two 

marmosets infected with the recombinant virus lived roughly ten times as long as the 

three infected with Wt HVS, suggesting that the recombinant virus has reduced virulence.

In addition, although this experiment shows that within the context of a herpesviral 

genome, Kl can induce lymphomas in vivo, the experiment does not show whether the 

protein is sufficient on its own for this. Further in vivo studies are therefore necessary.

Kl is structurally similar to lymphocyte receptors (B cell and T cell antigen receptors), 

and consists of an extracellular immunoglobulin region, a transmembrane region, and a 

cytoplasmic region (Lee et al, 1998a). Lymphocyte receptors are able to activate a 

number of intracellular signal transduction pathways that can lead to proliferation.
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The immunoreceptor tyrosine-based activation motifs (ITAMs) are the sequence elements 

responsible for these signalling properties, and it has been found that this part of the 

receptors are both necessary and sufficient for the coupling of extracellular signals to 

intracellular signalling molecules (Cambier, 1995; Flaswinkel et al, 1994).

The cytoplasmic domain of Kl contains a highly conserved region thought to resemble an 

IT AM (Figure 1.4b). To study the signal transducing properties of this region, Lee et al, 

(1998a) constructed a chimeric protein containing the cytoplasmic domain of KSHV 

fused to the extracellular and transmembrane regions of human CDS. When stimulated 

by an anti-CDS antibody, this chimera induced cellular tyrosine phosphorylation and 

intracellular calcium mobilisation. Mutational analysis revealed that the putative ITAM 

of Kl is responsible for this signal-transducing activity (Lee et a l, 1998a).

Lagunoff et a l, (1999) showed that expression of the full length Kl protein can initiate 

calcium-dependent signal transduction, and the formation of homo-multimers (groups of 

Kl proteins bound together) at the cell surface may be important. Interestingly, this 

signal transduction only occurred in B cells, and not in any of the T cell lines studied by 

the group. The cytoplasmic domain is thought to be responsible for this specificity, since 

the ectodomain, when fused to other related ITAMS, induces signalling in T cells. 

Certain proteins required for the Kl signalling pathway may only be present in B cells. 

In support of this idea, Lagunoff et a l, (1999) have demonstrated binding of Kl to B-cell 

specific signalling proteins (Second International KSHV meeting, Oxford, 1998).

In contrast to lymphocyte receptors, Kl signalling occurs constitutively, and no 

exogenous cross-linking ligands are required. This property has been linked to the Kl 

extracellular domain, which, when transferred to other ITAMS, gives rise to constitutive 

signalling (Lagunoff et al, 1999).
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As well as its structure and functions, the variability of the Kl protein has been studied. 

Sequencing data has been used to group the virus into four major subtypes (A, B, C and 

D), based on differences in their Kl sequences. These subtypes can be further divided 

into 13 different clades (Nicholas et al, 1998, Zong et al, 1997).

The global Kl subtype distribution pattern appears to correlate with the major migrations 

of modem humans out of Africa over the past 10,000 years (Hayward, 1999). However, 

it has been argued that the diversification of the Kl sequence could have occurred over a 

much shorter time period (McGeoch and Davison, 1999). Each of the four subtypes of 

Kl differ by 15 to 30% at the amino acid (aa) level, and while A and C are most closely 

related, A and B are most diverged. There are two highly variable regions within the 

protein, known as VRl and VR2 (Figure 1.4a). These are positioned in the extracellular 

domain.

KSHV
Kl

ig o
VRl

VR2

HVS
STP TIP

N C

EBV
LMP-l

ITAM

C N

N

Extracellular

Trans Membrane 
(TM)

Cytoplasmic

Figure 1.4a The relative structures and membrane-bound orientations of Kl. 
STP, TIP and LMP-1 (adapted from Hayward et a l, 1999).
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Signal Extracellular Domain Trans
Membrane

N ITAM

Figure 1.4b Predicted structure o f  K 1 (adapted from Hayward e /a / . ,  1999). The
protein contains a sequence which resembles an immunoreceptor tyrosine- 
based activation m otif (ITAM) at the C terminus.

The level o f  variability o f  this gene is not seen in any other o f  the viral genes. Overall, up 

to 50% o f  the 289 aa’s o f  K l vary and 85% o f  the nucleotide changes g ive rise to 

subsequent aa changes (Hayward, 1999). It has been suggested that these changes are not 

random, but are instead a result o f  powerful b iological selection  processes acting on 

KSHV.

Hayward (1999) has put forward the possibility that K l (like other herpesvirus latent 

membrane proteins) may be displayed as a surface antigen on cells during latency, and 

may evolve to avoid immune recognition. Alternatively, he has suggested that despite its 

putative signalling role, K l may be inserted into the viral envelope. In the same way as 

the HIV encoded ENV protein, it may be involved in recognising cell surface receptors 

(Hayward, 1999).

As with K l ,  heterogen icity  in the HIV env receptor in v o lv es several d ifferent 

extracellular loops. These change rapidly, even within a single patient, and in doing so 

help the virus to escape from antibody neutralisation and cellular immunity. The VR  

regions o f  K l may act in a similar way, evolving to escape the host’s immune response. 

However, Hayward recognises the problems associated with these ideas: K l appears to be 

a lytic protein and, as yet, there is no direct evidence o f  any immune response driven 

evolution o f  K l .
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ORF 71 (K13)

Apoptosis is the naturally occurring process of “cell suicide” (reviewed by Wyllie et ai, 

1992). As part of the immune system, it is used in defence, to remove harmful agents.

For example, T cells kill virally infected cells by either delivering perforin and granzymes 

to them or by expressing the Fas ligand. Apoptosis of infected cells may also be 

autonomous (Thome et al., 1997).

In response, viruses have evolved various different strategies to evade this type of 

immunity. In the words of Frank Ryan (1998), "...the landscape of the genom e is the  

world a virus, in human terms, might call home. No other form of life inhabits this 

extraordinary ecological niche. And in the way of all life, the virus changes the  

landscape just as the landscape moulds the virus."

Antiviral responses include anti-apoptotic proteins such as caspase inhibitors, FLICE 

(Fas-associated death domain like IL-lp-converting enzyme) inhibitory proteins (v- 

FLIPs) and Bcl-2 homologues (v-Bcl-2). Interestingly, it was the identification of these 

viral inhibitor genes that led to the characterisation of their human equivalents, and to an 

understanding of their mechanisms of action.

In KSHV, at least four different genes are likely to act as apoptosis inhibitors: vIL-6 (orf 

K2), which indirectly upregulates the transcription of certain apoptotic antagonists 

(Molden et al., 1997); vIRF-1 (orfK9) a viral transcription factor involved in transducing 

or modifying interferon signal transduction (Taniguchi et a l, 1997); vBcl-2 (orfl6) and k- 

FLIP (also called v-FLIP, orf/l or K13). Of these, only k-FLIP is expressed during 

latency and for this reason, it is thought to contribute to the transforming action of the 

virus.

Cells undergoing apoptosis exhibit specific morphological changes, including cell 

shrinkage, chromatin condensation and DNA fragmentation (Wyllie et a l, 1980). These 

changes are elicited through the activation of members of a cascade of cystine proteases 

known as caspases, which specifically cleave a large number of different target proteins.
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The process of caspase activation is triggered by “death receptors” such as Fas (CD95). 

These receptors have a cytoplasmic death domain (DD), which interacts with an adapter 

molecule, F ADD (and/or TRADD). F ADD then associates with the protease FLICE 

(caspase-8) through death effector domains (DEDs). As a result, FLICE becomes 

activated and can proteolytically activate other caspases, leading to an apoptosis cascade 

(Figure 1.5).

In 1997, Thome et al screened sequence databases to find viral inhibitors of this pathway 

of apoptosis. Equine herpesvirus-2 (EHV-2) HVS, KSHV, bovine herpesvirus-4 (BHV- 

4) and human molluscipox virus (MCV) were all found to contain orfs predicted to be 

FLIPs. Like FLICE, viral FLIPs (v-FLIPs) have two DED motifs and because of this, the 

authors believed that v-FLIPs may act as competitive inhibitors, binding to F ADD (or 

F ADD like molecules) to prevent apoptosis.

To test this, 293T cells were transfected with vectors encoding F ADD and v-FLIP from 

EHV-2. Co-immunoprecipitation experiments confirmed that the two proteins interacted 

(Thome et al, 1997). Further experiments showed that F ADD bound to EHV-2 v-FLIP 

also interacted with Fas, and similar results were obtained with MCV and HVS v-FLIPs. 

In cells containing EHV-2 v-FLIP, activated FLICE was undetectable, which implies that 

v-FLIP prevents FLICE from binding to F ADD, and therefore from being activated, v- 

FLIP also blocks cell death induced by the TRAMP death receptor, and protects against 

TRAIL mediated apoptosis.

It was recently shown that like v-FLIP, KSHV encoded k-FLIP protects cells from Fas- 

mediated apoptosis, by inhibiting caspase activation (Sturzl et a l, 1999). Sequences 

encoding k-FLIP are expressed at very low levels in early KS lesions, but at much higher 

levels in late stage lesions. This increase in expression is associated with a reduction in 

apoptosis in KS lesions (Sturzl et a l, 1999). In addition, it has been found that k-FLIP 

allows clonal growth to take place in the presence of death stimuli in vitro, and promotes 

tumour establishment and growth in vivo. This has led to the speculation that k-FLIP may 

play an important role in KSHV associated disease formation (Djerbi et a l, 1999).
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Figure 1.5 Fas (death receptor) signalling pathway and its inhibition by k-FLIP (adapted 
from French et  al., 1999). The “death receptor” Fas (C D 95) has a 
cytoplasmic death domain (D D ), which interacts with an adapter m olecule, 
FADD. FADD then associates with the protease FLICE (caspase-8) through 
death effector domains (DEDs). As a result, FLICE becom es activated (active 
caspase-8) and can proteolytically activate other caspases, leading to an 
apoptosis cascade.

FLICE: Fas-associated death domain like IL-iP-converting enzyme, FLIP: FLICE inhibitory 
protein, FADD: Fas-associated death domain, DD: Death domain, DED: Death effector 
domain.
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V-FLIP is expressed late in the lytic replication cycle of HVS and may protect infected 

cells from apoptosis induced by viral infection. Without it, infection of new cells may be 

less efficient. A similar role has been proposed for other viral apoptosis inhibitors, such 

as adenoviral Bcl-2,

In contrast to HVS v-FLIP, KSHV encoded k-FLIP RNA is detected in latently infected 

PEL cells (Kedes et a l, 1997). This supports the idea that latent and lytic gene 

expression patterns of HVS and KSHV are very different, even for genes shared between 

them, suggests that the v-FLIP gene may perform different functions in these two viruses.

ORF 72

The cell division cycle is a tightly controlled and orderly sequence of events in which a 

cell duplicates its contents and divides into two. For convenience, this process has been 

divided into four main stages: Mitosis (M phase) in which nuclear division occurs, 

synthesis (S phase) in which nuclear DNA is replicated, and two gap phases (Gi and G2) 

in which cell growth occurs (Figure 1.6). The cell cycle control system is based on two 

main families of proteins: Cyclins and cyclin-dependent kinases (Cdks). The cyclins bind 

to and activate Cdks, which are then able to alter the properties of other cell cycle 

proteins by phosphorylating them on selected serine and threonine residues.
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Figure 1.6 The cell division cycle (adapted from Alberts et. a i ,  1994). It is divided into 
four main stages: M itosis (M phase) in which nuclear division occurs, 
synthesis (S phase) in which nuclear D N A  is replicated, and two gap phases 
(Gi and G]) in which cell growth occurs. Cyclins and cyclin-dependent 
kinases (Cdk’s) control the system, but their action can be blocked by 
inhibitor proteins (p 15, p 16, p 18, p 19, p 2 1 and p27).
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In 1996, Chang et al. reported that KSHV contains an open reading frame (orf72) with 

sequence similarity to cellular cyclins. It encodes a protein (k-cyclin or k-cyc) which, 

when compared to human cyclin Dl, cyclin D2 and cyclin D3, is found to have 61%, 

64% and 67% aa similarity respectively, k-cyc mRNA has been detected in latently 

infected PEL cell lines as well as in KS spindle cells. In KS lesions, the viral cyclin has 

been detected in 1% of spindle cells in early patches, and approximately 60% of spindle 

cells in late stage nodular lesions. Interestingly, k-cyc can also be detected in the 

peripheral blood of AIDS patients with KS (Davis et a l, 1997). Like D-type cyclins, k- 

cyc is localised to the cell nucleus (Chang et al, 1996).

Homologues to cellular D-type cyclins are also found in HVS (Jung et a l, 1994, Nicholas 

et a l, 1992) RRV (Alexander et a l, 2000) and MHV68 (Virgin et a l, 1997). In normal 

cells, D-type cyclin/cdk4 complexes promote early Gi cell cycle progression, and it has 

been shown that the main role of these complexes is to phosphorylate members of the 

retinoblastoma protein (pRb) tumour suppressor protein family. Hyperphosphorylated 

pRb is inactive, and can not bind to and inhibit E2F transcription factors. Under these 

conditions, transcription of genes required for S phase can take place (Hartwell and 

Kastan, 1994; Sherr, 1995).

Evidence suggests that deregulated expression of D cyclins affects control of cell growth, 

and is linked to the development of certain tumours in humans (Jacks and Weinberg, 

1996). To test whether overexpression of k-cyc could activate kinases and alter cell 

growth in a similar way, Chang et al (1996) used a c-myc epitope-tagged version of orf72 

in transfection studies.

K-cyc and pRb were co-expressed in SAOS-2 cells (which lack expression of endogenous 

pRb). If pRb alone is transfected into these cells they stop growing and show altered 

morphology. However, when cotransfected with k-cyc, pRb is no longer able to affect 

the cells in this way. Moreover, the pRb detected in lysates from cotransfected cells 

showed reduced mobility on an SDS-page gel, suggesting that pRb is inactivated by 

phosphorylation in the presence of k-cyc.
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The mechanism of this inactivation has been investigated by a number of researchers. In 

immunoprécipitation and phosphorylation assays, k-cyc was found to be strongly 

associated with cdk6 (and perhaps more weakly associated with cdk4). Like the cyclin 

encoded by HVS (v-cyc), but unlike D cyclin complexes, k-cyc/cdk6 complexes can 

phosphorylate histone HI as well as pRb. This points to a potentially important 

difference between the viral and human D cyclins: The viral cyclins may be able to 

mediate progression through other checkpoints in the cell cycle, as well as GI progression 

(Godden-Kent et al., 1997; Li et al., 1997). Other differences are shown in Figure 1.7.

D-type cyclins Cyclin E k-cyc

pRb phosphorylation YES NO YES

Histone HI phosphorylation NO NO YES

pi 07 phosphorylation YES NO NO

Inhibited by p l6 , p21, p27 YES YES NO

P27 phosphorylation NO YES YES

Activation of eye A 
transcription YES YES YES

Physical interaction with E2F 
on eye A promoter NO YES NO

Figure 1.7 Comparison of cellular and viral cyclins
(Duro et al., 1999; Eliisef al., 1999; Godden-Kent et al., 1999; Mann et al., 1999; Pagano 

et al., 1992; Swanton ef a/., 1997).
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pRb is functionally inactivated in over 60% of human tumours (Knudsen et a l, 1999), 

and many tumour viruses are able to inhibit the activity of pRb. It has been proposed that 

this is a means of driving the cell into S phase, to allow large amounts of virion DNA to 

be synthesised during lytic replication. However, k-cyc is expressed during latency, 

when there is a stable ratio of viral to cellular DNA.

Therefore, Moore and Chang (1998) suggest that k-cyc inhibits pRb in order to overcome 

antiviral cellular responses which would otherwise arrest the cell in GO and prevent 

replication of latently infected cells. If k-cyc is expressed in order to maintain cellular 

cycling, it is likely to be important for the transforming properties as well as the 

replication of KSHV. In this way, the ability of k-cyc to overcome pRb mediated cell 

cycle arrest may be a mechanism by which it contributes to tumour development.

ORF 73

Sera from patients infected with KSHV reacts with a nuclear antigen present in latently 

infected PEL cell lines. This gives rise to a distinctive nuclear stippling 

immunoflourescence pattern in the cells (Lennette et a l, 1996). In order to identify the 

vital gene encoding this antigen. Rainbow et al, (1997) screened a cDNA library made 

from the BC-1 cell line, using KS patient sera. One set of positive clones found contained 

the 3’ end of orf73 (as well as all of orf72 and K13), and another set contained the 5'end. 

This and other studies (Kedes et al, 1997; Kellam et a l, 1997) have helped to confirm 

that orf73 encodes the latent nuclear antigen (LNA or LANA).

LNA is 1162aa long, and has a predicted molecular mass of 135kDa. However, on a 

Western blot, the protein has a molecular size of 220 to 230kDa (Gao et a l, 1996a; 

Kellam et a l, 1997; Rainbow et al, 1997). LNA consists of three different domains: An 

N-terminal 337aa domain, a central domain of 585aa’s consisting of repeated sequences, 

and a C-terminal domain of 240aa’s (Figure 1.8).
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The central domain is polym orphic, highly hydrophilic, and contains m ultiple Aspartic 

acid (D ), Glutamine (Q) and Glutamic acid (E) residues (Gao et a i ,  1999). In contrast, 

the N and C-tcrminal domains arc rich in basic aa’s. The charge differences between the 

three domains may help to explain why the protein runs much slow er than expected on 

SDS-polyacrylam ide gels. Other possible reasons for this include phosphorylation and/or 

glycosylation o f  the protein.

N Central repeat domain
, -"XX

337 922 1162

Figure 1.8 LNA protein. This protein contains an N-terminal domain (337aa), a 
central repeat domain (585aa), and a C-terminal domain (240aa).

LNA is analogous to the EBV nuclear antigens (E B N A ’s). Six different E B N A s exist: 

EBNA-LP, EBN A -1, EBN A-2, E B N A -3A , E BN A -3B and EBN A -3C . EBNA-1 binds to 

D N A , and is the only EBN A  that is associated with chrom osom es during m itosis. This 

property is thought to be important for segregation o f  episom es into both progeny nuclei 

during cell d ivision (Hearing and Levine, 1985). A s with EBV , many cop ies o f  the 

KSHV episom e exist in an infected cell. In 1999, Ballestas et  al. show ed that LNA is 

necessary and sufficient for the persistence o f  artificial K SHV episom es in lymphoblast 

cells. It associates preferentially with the border o f  heterochromatin (a condensed and 

transcriptionally inactive region o f  a chrom osom e) in nuclei in ce lls  undergoing  

interphase, but binds to mitotic chrom osom es at random (Szekely  et al.,  1999). These 

findings suggest that, like EBN A -1, LNA is able to tether K SH V  D N A  to chrom osomes 

during m itosis, so that efficient transfer o f  K SH V episom es to progeny cells can take 

place.
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Evidence suggests that EBNA-LP may upregulate the expression of autocrine factors 

required for B-cell growth. Transient transfection studies in primary B lymphocytes also 

show that this protein co-operates with EBNA-2 to induce a Go to Gi cell cycle transition 

in host cells (Sinclair et al, 1994). The mechanism of this effect is not yet known. 

However, EBNA-2’s role as a transcriptional activator of both cellular and viral genes 

may be important (Abbot et al, 1990; Kunsten et al, 1990; Wang et al, 1987).

Like LNA, EBNA-3A, -3B and -3C all contain repeat domains. All three are similar in 

both structure and sequence, and as a result, they are likely to have similar functions in 

latent EBV infection and transformation. EBNA-3C, for example, has been shown to 

upregulate expression of CD21 mRNA (Wang et al, 1990a) and EBNA-3B expression is 

correlated with upregulation of CD40 and downregulation of CD77 (Silins and Sculley, 

1994). Interestingly EBNA-3A, -3B and -3C, can inhibit EBNA-2 activated transcription, 

despite their inability to bind to DNA in vivo (Robertson et al, 1995).

Like some of the EBNA proteins, LNA may also play an important role in cell 

transformation. It has a leucine zipper structure and other features which indicate that it 

may function as a transcription factor. It could potentially act as a direct or indirect 

activator or repressor of cellular and/or viral protein expression.

Consistent with this idea, LNA has been found to transactivate Lac Z expression in Gal4 

fusion constructs (Wiezorek, Sarid, Moore and Chang, unpublished observations, 1998) 

and it interacts with RING3, a member of the Drosophila female sterile homeotic family 

of proteins, some of which have been implicated in controlling gene expression (Platt et 

al, 2000). In addition, LNA has been shown to interact with p53, a potent transcriptional 

regulator whose induction leads to cell cycle arrest or apoptosis. LNA represses the 

transcriptional activity of p53, and in doing so inhibits its ability to induce cell death 

(Friborg «/., 1999).
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In summary, the LNA protein appears to be complex. In order to aid KSHV replication, 

it may have evolved to function in a variety of different ways. At present, LNA is 

thought to be involved in maintenance of the viral episome, transcriptional control and 

apoptosis inhibition. Other functions remain to be discovered.

1.2 Animal models of Human Disease

An animal model of a human disease is an animal with a pathologic condition or disease 

that is similar to that found in humans. These in vivo models allow researchers to 

understand aspects of human disease that can not be studied in vitro. In the words on D. 

Scarpelli, (1990), "Due to man's anthropocentric bias, and an Increasing pressure for 

human relevance In biomedical research by society , the term 'animal model of  

human disease' has gained wide usage".

Although many experimental animal models have been generated, only a small number of 

these have had any major impact on human health. One famous example is a study by 

Minkowski and Von Merring (1889, reviewed by Scarpelli, 1990), which reported the 

development of hyperglycaemia in pancreatectomized dogs, thereby implicating the 

pancreas as the key organ in the pathogenesis of diabetes mellitus.

Two main types of laboratory animal models exist: Firstly, spontaneous models, which 

arise as a result of naturally occurring mutations or analogous natural infections; and 

secondly, induced models, which are produced by some type of laboratory manipulation: 

this may be drug administration, exposure to disease causing micro-organisms, or surgical 

procedures. More recently, the successful insertion of exogenous DNA into fertilised 

mouse oocytes has given rise to induced transgenic models (Jaenisch and Mintz, 1974).

Another animal model is the negative model, wherein animals do not develop disease 

symptoms. For example, they may fail to develop an infectious disease even when 

injected with a large quantity of a particular pathogen.

41



This may be due to the animal’s existing or acquired resistance to that pathogen. A great 

deal can be learned from negative models, and this category probably contains the largest 

number, as well as some of the most important animal models (Scarpelli, 1990).

Animal models have proved to be invaluable tools in aiding our study and understanding 

of human disease. However, it is important to note that most animal models, regardless 

of the method by which they are produced, do not represent the human disorder precisely. 

This is because of the physiological differences between the model species and humans:

"We are all survival machines, but 'we' does not just mean people. It embraces all 

animals, plants, bacteria and viruses....Different sorts of survival machines appear 

very varied on the outside and in their internal organs. A human is nothing like a 

mouse, and both are quite different from an oak tree." (Richard Dawkins, The Selfish 

Gene, 1989).

1.2.1 Related Viruses as spontaneous models for KSHV infection

Humans appear to be the natural host for KSHV, and there is no evidence to suggest that 

any natural infection of animal species occurs. Therefore, no spontaneous animal models 

for KSHV infection exist. However, some closely related rhadinoviruses naturally infect 

animals, and these are sometimes used as models. They include HVS, which until 

recently, was thought to be most closely related to KSHV (Sarid et a l, 1999), 

Herpesvirus ateles (HVA), which causes lymphomas in various New World primates 

(Albrecht, 1999) and Murine gammaherpesvirus 68 (MHV-68), a naturally occurring 

rodent virus, which is associated with development of lymphoproliferative disease and 

lymphomas in infected laboratory mice (Efstathiou et a l, 1990).

Despite the similarities, there are several important differences between these viruses and 

KSHV. For example, KSHV is B-cell tropic, whereas HVS infects T cells in its squirrel 

monkey hosts. In addition, in contrast to KSHV, angiogenic proliferation is not seen in 

infection with any of these animal viruses.
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The most potentially useful animal virus model for KSHV is probably the rhesus 

rhadinovirus (RRV). In 1997, Desrosiers et al reported the discovery of a herpesvirus of 

rhesus monkeys, RRV H26-95, which is related to KSHV. A later report describes the 

identification of a different strain of the same virus, RRV 17577. The RRV genome 

encodes 79 orfs, and 67 of these are similar to genes found in KSHV and HVS (Searles et 

a l, 1999). However, although KSHV and RRV appear to be very similar viruses, there 

are important differences between them. One of the most striking differences is the 

variation in size of their orf73 proteins. The two proteins are only 23% similar, and while 

orf73 from KSHV contains 1,162 residues, orf73 from RRV only contains 447.

In addition, no RRV orfs corresponding to KSHV’s K8, K8.1 or K12 have been 

identified. K12, for example, encodes “Kaposin”, which is ubiquitously expressed in 

KSHV-infected cells, and has been shown to act as a transforming gene in vitro 

(Muralidhar et al, 1998). This suggests that it plays an important part in KSHV-related 

disease. It remains possible that RRV encodes another protein with a similar function to 

KSHV K12.

Experimental evidence demonstrates an association between RRV 17577 and simian 

immunodeficiency virus (SIV) -associated multicentric lymphoproliferative disorder 

(LPD): Wong et al, (1999) first isolated RRV 17577 from a SIV-infected rhesus 

macaque that had developed LPD. This RRV strain was then experimentally inoculated 

into rhesus macaques with SIV infection. It was found that, in contrast to control animals 

inoculated with either SIV or RRV alone, coinfected animals developed LPD, which 

resembled a variant of Castleman’s disease. This was shown to be associated with high 

levels of RRV replication. The researchers suggest that their RRV/SIV model could be a 

useful tool as an animal model to study aspects of both KSHV and AIDS pathogenesis.
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Although this suggests that RRV/SIV infection may be a useful model for AIDS- 

associated Castleman’s disease, it may be less useful for studying the involvement of 

KSHV in KS. An ideal model system would be an RRV-associated rhesus KS, However, 

since KS has never been identified in macaques, it probably does not exist. This 

highlights one of the many limitations of spontaneous models, and suggests that they may 

be of only limited use as in vivo models for KSHV infection.

1.2.2 Induced models of KSHV infection

1.2.2.1 Xenograft models

The transmission of KSHV to common laboratory animals has not yet been successful 

(see Appendix A for an example of one unsuccessful experiment) and as a result, no 

appropriate animal model is available to study de novo infection. To a certain extent, this 

has been overcome with the use of xenograft models. A xenograft is a tissue graft where 

the donor is a member of one species and the recipient is a member of another. This type 

of model has been used to study KSHV whole virus infection in a variety of ways.

For example, Boshoff et al., (1998) used severe combined immune deficiency (SCID) 

mice, to characterise the growth of the human EBV negative PEL (BCP-1) cell line in 

vivo. SCID mice have a recessive mutation which prevents lymphocyte differentiation 

and as a result of this, they are highly susceptible to infection and disease (reviewed by 

Janeway et a l, 1996). The group demonstrated that like HBL-6 (another PEL cell line 

infected with both EBV and KSHV), BCP-1 cells are able to induce tumours in some of 

these mice, and that intraperitoneal injection leads to an effusion tumour phenotype, 

similar to PEL in humans.

44



SCID mice have normal microenvironments for B- and T-cell differentiation of precursor 

stem cells, so by grafting normal bone marrow into these mice an intact immune system 

can be generated. Individual components of the mature immune system can also be 

transferred to these animals for study. Recently, researchers have been able to exploit this 

tool to create SCID mice with human-derived immune systems; and for the first time, this 

has allowed us to study the human immune response to viruses such as KSHV in vivo.

In 1999, Dittner et al. created the first small animal model for de novo infection by KSHV 

in this way. The group implanted human foetal liver and foetal thymus tissues under the 

kidney capsule of C.B-17 scid/scid mice, in order to create a system that mimics human 

haematopoiesis. They injected KSHV virions (from induced PEL cells) directly into the 

implant and used RT-PCR analysis to identify subsequent latent and lytic infection. The 

virus was found to replicate primarily in CD 19 positive B cells within the implant, which 

mimics KSHV’s tropism in infected humans. Since KSHV does not replicate in SCID 

mice reconstituted with human peripheral blood leukocytes (in which haematopoiesis 

does not occur), these results suggest that immature and/or developing cells may be the 

main target for KSHV infection (Picchino et al, 1997). Alternatively, the researchers 

point out that in contrast to the SCID-hu Thy/Liv model, the lymphoid microenvironment 

necessary for virus transmission to blood cells may not be present in the peripheral blood 

implant.

Dittner et al. suggest that the SCID-hu Thy/Liv mouse model has many different 

applications in that it allows the detailed study of initial lytic infection, latency, virus 

tropism and drug susceptibility. However, the model may also have limitations: KSHV 

encodes viral chemokines that have been shown to block the interaction between HIV-1 

and the co-receptors CCR5 and CCR3 in vitro (Boshoff et a l, 1997). It has been 

suggested that this may also occur in vivo, yet in the SCID-hu Thy/Liv system, 

conifection of HIV-1 and KSHV did not affect the replication kinetics or 

cytopathogenicity of either virus.
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The authors argue that this may be due to the small number of KSHV-infected cells in the 

implant, the HIV-1 isolate used or the amount of time left between coinfection and 

analysis. However, the possibility remains that the model does not faithfully mimic 

human infection. Furthermore, KSHV infection of the Thy/Liv implant did not give rise 

to any phenotype with similarities to known KSHV-related disease. The researchers 

point out that the model was not designed to reproduce KS, since it is unlikely that all the 

cells and growth factors needed to support KS pathogenesis are present in their system. 

Instead, the model was designed to study infection of lymphoid cells.

Despite this, there was no evidence of any change in the proportion of CD 19 positive B- 

cells over time. Since up to 5 to 20 % of healthy people in the West are KSHV 

seropositive, it may be argued that disease is a rare manifestation of KSHV infection, 

most primary infections being subclinical or asymptomatic (Dittner et al, 1999). If this is 

true, then the SCID-hu Thy/Liv model may be representative of one type of human 

infection with KSHV, but it is not an animal model of KSHV-associated disease.

1.2.2.2 Transgenic Mice and their Production

An animal that carries a foreign gene is known as ‘transgenic’, and the foreign DNA is 

termed a ‘transgene’. Mice, rats, rabbits, swine and cattle have all been subjected to germ 

line gene insertion, but transgenic technology is best developed in mice. For this reason, 

the majority transgenic animal models of human disease have been produced in mice.

The generation of transgenic mice provides an experimental environment that has many 

benefits over in vitro analysis of gene function. For example, the gene of interest can be 

analysed at different stages of cell differentiation or embryo development and its 

phenotypic effect on various different tissue types can be studied in detail. In addition, it 

is possible to limit transgene expression to certain tissues, using tissue specific promoters.
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The first transgenic mouse was made in 1974, when Jaenisch and Mintz showed that they 

were able to introduce SV40 DNA into blastocysts and then detect the DNA in somatic 

tissues of the mice that developed from them. Six years later, creation of the first 

transgenic mouse by pronuclear injection of fertilised eggs was achieved (Gordon et al, 

1980). Transgenesis is now an established technology and has been used to study many 

different genes in numerous species of animal and plant.

Several different strains of laboratory mice are routinely used for transgenesis. The 

FVB/N mouse strain has been inbred for over twenty years and is derived from an 

outbred colony of Swiss mice named NGP (National Institutes of Health General Purpose 

strain). FVB/N mice are quite docile, breed well and are not prone to spontaneous 

tumourigenesis. However, their behaviour can be slightly psychotic (repetitive jumping 

and circling is often observed), and they have a tendency to have seizures in response to 

experimental procedures and sudden noises (Goelz et al, 1998).

Three types of transgenic mouse exist: “Knock-outs”, “knock-ins” and “add-ins”. The 

code of a functional gene of interest is disrupted by deliberate mutation in a “knock-out” 

mouse, or added into a specific region of the genome in a “knock-in” mouse. In contrast 

to the other two types of mouse, the gene of interest is introduced arbitrarily into the 

genome of an “add-in” mouse, at the site of a randomly generated chromatin break. Once 

the gene fragment has been incorporated into the mouse genome in this way, other 

fragments may also integrate by homologous recombination, creating a tandem array of 

the transgene. This is the most common integration pattern seen in this type of mouse. 

Since DNA integration can not be controlled, a number of transgenic mutant mice have 

been generated as a result of random integration of foreign DNA into functional regions 

of the mouse genome. However, since the majority the mammalian genome is non

coding (‘junk DNA’) such mutations rarely occur.

Microinjection of cloned genes into fertilised eggs is considered to be the best technique 

for creating an “add-in” transgenic mouse.
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Fertilised eggs are collected by washing out the oviducts of mated females, and the gene 

of interest is injected into one of the two pronuclei. The male pronuclei are usually 

chosen because they are the largest. FVB/N mice are a good choice for pronuclear 

injection, because the pronuclei are 50 percent larger than in other commonly used 

laboratory strains, such as B6, C57BL or BALB/c (Taketo et al, 1991).

After injection, the eggs are transferred to pseudopregnant foster mothers, which have 

been mated with vasectomized males. Roughly three weeks after birth, the offspring are 

weaned from the mother and a small piece of tail tissue is taken from each for screening 

purposes. DNA is extracted from the tissue and the presence of the transgene is detected 

by Southern blotting and/or polymerase chain reaction (PCR) amplification (Figure 1.9).
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Figure 1.9 Generation o f  transgenic mice.
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The percentage of eggs that survive the injection procedure and develop to term varies, 

and is usually around 10 to 30 percent. Of these survivors, the number that have the 

foreign DNA integrated into their chromosomes is usually between a few and 40 percent. 

These mice are called ‘founders’ (Fo), and may have one or more copies of the transgene 

integrated into one or more sites within their genomes. Founders transmit the transgene 

to their offspring as a Mendelian trait, in the same way that their own genes are 

transmitted. All mice derived from a single founder form a ‘line’ of mice, and normally, 

every member of the line has the transgene in the same position in its genome.

This transmission pattern implies that the integration event often occurs very early in 

development, before the first cell division of the zygote. However, in some cases, it may 

occur later, perhaps after the germ cell population that gives rise to eggs or sperm is 

segregated from the primordial somatic cells. In this case, a ‘mosaic’ mouse, containing 

the transgene in some but not all of its cells, is created. If the transgene is not present in 

the germ cells, all progeny of this mosaic mouse will be wildtype, and this line of 

transgenic mice will be useless.

1.2.2.3 Related Transgenic Mouse models

The three transgenic mouse models detailed in this report each contain at least one of the 

following four KSHV encoded genes: Kl, orf71, orf72, and orf73. Related transgenic 

models include those containing homologous or analogous cellular genes or similar genes 

found in other closely related viruses. Transgenic models containing other potential 

KSHV oncogenes are also of interest. Many related transgenic mouse models exist, but 

only a few examples will be given here (Figure 1.10).
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TYPE OF
RELATED MODEL PROMOTER PHENOTYPE REFERENCE

K SH V  gene: 
crf74 
expressing 
mice

CD2 (targets gene 
expression to 
haematopoietic cells)

60% developed 
angioproliferative 
disease after 30-90 
days.

Yang et al., 
2000

(Bais et ai, 
1998)

R elated  ce llu lar 
Cyclin:
human 
Cyclin E 
expressing mice

Ovine P-lactoglobin 
regulatory sequences 
(targets expression to 
mammary glands of 
pregnant

and lactating mice.

Over 10% 
developed 
mammary 
carcinomas 
after 13 months

Borther et 
al., 1997

(Buckley et 
al, 1993)

Cyclin D1
expressing
mice

MMTV-LTR 
(targets expression 
to mammary 
glands)

60% mice 
developed 
mammary tumours 
after 1 year o f  age.

Wang et 
al, 1994

Cyclin D1 or 
Myc alone

Cyclin D1 
and myc

Ep. (targets 
expression 
to lymphocytes)

Healthy

Almost all develop 
lymphomas after 8 
weeks

Bodrung 
é ta l ,  1994

S im ilar genes in 
O th e r  viruses:

STP-C

H2 or M T (gene 
expression is ubiquitous) 
or SL-3 (expression 
targeted to T cells)

Most mice die o f  
epithelial tumours 
within the first 
month

Murphy et 
al, 1994

Medveczky 
é ta l, 1984)

STP-A H2 or MT

Mice died at about 
1 month of 
peripheral 
lymphomas

Kretschmer 
é ta l ,  1994

EBNA-1
IgH (targets 
expression to 
B cells)

50% mice 
developed 
B cell lymphomas 
within a year

Wilson et 
al, 1996

(Wilson et 
al, 1992)

Figure 1.10 Related transgenic models.
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Aim of this thesis

The lack of a suitable animal model of viral infection is an important limitation to the 

study of KSHV biology. Humans seem to be the only natural host for the virus, and no 

spontaneous animal models for KSHV infection have yet been described. The aim of 

this thesis was to:

Generate transgenic models for two differentially spliced latent transcripts and one 

lytically expressed gene.

52



MATERIALS AND METHODS

2.2 MATERIALS

2.1.1 Chemical Abbreviations

APS Ammonium persulphate

BPB Bromophenol blue

BSA Bovine serum albumin (Fraction V)

CAT Chloramphenicol acetyltransferase

CIAP Calf intestinal alkaline phosphatase

dATP Deoxy-adenosine triphosphate

dCTP Deoxy-cytosine triphosphate

dGTP Deoxy-guanosine triphosphate

dTTP Deoxy-thymidine triphosphate

ddPbO Double distilled water

DMEM Dulbecco’s modified Eagles medium

DNA Deoxyribonucleic acid

ECL Enhanced chemiluminescence

EDTA Ethylenediamine tetra-acetic acid

EtOH Ethanol

Et.Br. Ethidium Bromide

PCS Foetal calf serum

FITC Fluorescein isothiocyanate

HBS Hepes-buffered saline

HEPES N-2, hydroxyethyIpiperazine-N'-2, ethane sulphonic acid

HRP Horseradish Peroxidase

IPTG Isopropyl-P-D-thiogalactopyranoside

2-ME P-2-mercaptoethanol
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MBq Mega Becquerels

NP-40 Nonidet P-40

ONPG o-nitrophenyl p-D-galactopyranosidase

PAGE Polyacrylamide gel electrophoresis

PE R-Phycoerythrin

PEG Polyethylene glycol

PBS Phosphate-buffered saline

RT Room temperature

SDS Sodium dodecyl sulphate

SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel electrophoresis

SSC Salt Sodium Citrate

ssDNA Single stranded DNA

TAE Tris, glacial acetic acid, EDTA

TEMED N,N,N ’N ’ -tetramethy 1-ethylenediamide

Tris Tris (hydroxymethyl) aminomethane

Triton X-100 Iso-octylphenoxypolyethoxyethanol

Tween 20 Polyoxyethylenesorbitan monolaurate

2.1.2 Synthetic oligonucleotides

Oligonucleotides were used in PCR and RT-PCR reactions. All oligonucleotides were 

synthesised by Oswel, Southampton. To avoid non-specific annealing they were 

designed not to include runs of any one base. Each primer pair was designed to be 

approximately the same length and have the same theoretical melting temperature, where 

each G/C is 4®C and each A/T is 2^C. (+) Denotes sense primer, (-) denotes antisense 

primer (2) denotes nested primer. Diagrams showing positions of primers and predicted 

sizes of products have been included for all KSHV genes.

TEMPLATE

P-Actin gene

PRIM ER NAME

ACT (+)

A C T(-)

ACT (2+)

ACT (2-)

SEQUENCE

ATG GAT GAT GAT ATC GCC GC 

ATC TTC TCG CGG TTG GCC TT 

GCT CGT CGT CGA CAA CGG 

CCT CGG TCA GCA GCA CG
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TEMPLATE

HHV-8 Kl gene

PRIMER NAME

Kl {+)

Kl (-)

Kl (2+)

Kl (2-)

SEQUENCE

GTC TGC AGT CTG GCG G IT  TGC 

AGT ACC AAT CCA CTG GTT GCG 

CTC CAA ATT TGT GCC CTG 

GTT CCT ATT AGA GCT AC

KI(+)K1(2+)

Kl gene

KK2-) Kl(-)

Kl(+) and Kl(-) product is 841 bp 

Kl(2+) and K (2-) product is 637bp

HllV-8 O R F73(LN A ) LNA (+)

LNA (-)

LNA (2+)

LNA (2-)

LNA mid (-;

ACA CCT TTA CCT CCA CCG GC 

TGG CGG AGT ATC GCC ATC GC 

CCG TAA CCA CGT GTT CCT C 

GTT GGC GAA GTC ACA TCT AG 

GTG AAC TTT GGA TGC TCA ACG

LNA(4FNA(2+)

Otf 73 gene

LNA(2-)LNA(-)

LNA(+) and LNA(-) product is 484bp 

LNA(2+) and LNA(2-) product is 352bp
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TEMPLATE PRIMER NAME SEQUENCE

HHV-8 ORF 72 (viral cyclin) k-CYC (+)

k-CYC (-)

k-CYC (2+)

k-CYC (2-)

AGO GAG CGC CTG CCT GTT AG 

GCG CAC AGC CTG CAG CGC TG 

GCT CAG AAG CCT CAC GCC 

AGT CCA GOT GTT GGG AGC

K-CYC(K>CYC(2+)

Orf 72 gene

K-CYC(2-)K-CYC(-)

K-CYC(+) and K-CYC(-) product is 323bp 

K-CYC(2+) and K-CYC (2-) product is 194bp

llHV-8 ORF 71 (viral FL1P/K13) K13(+)

K 13(-)

K13(2+)

K 13(2-)

CGG ATG ACA GGG AAG TGG 

AGG GTT TGC ACT TGG CGC 

TAG AGC GCC ACC TAG CGG 

GTG GTG TGC TGC GAG ACC

K13(+)K13(2+)

Otf 71 gene

K13(2-)K13(-)

K13(+) and K13(-) product is 463bp 

K13(2+) and K13 (2-) product is 144bp
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H2K promoter H2K (+) GTC TGG CCT GCG GGT CTC TC

Gal4 binding domain (BD) Gal4 BD 5' (+) GTG CGA CAT CAT CAT CGG AAG

2.1.3 Plasmids

The following plasmids were created by Dr Stefan Wagener and used in constructing the 

transgenic mice. :

pH2K-Kl: A Kl PCR fragment (BCP-1 DNA used as a template) inserted into

pH2K-i-LTR.

pH2K-k-cyc-K13 w6: A k-cyc-Kl 3 PCR fragment (BCP-1 DNA used as a template) 

inserted into pH2K-i-LTR.

pH2K-vcyc: A k-cyc PCR fragment (BCP-1 DNA used as a template) 

was inserted into pH2K-i-LTR.

pIgH-ORF73-k-cyc-K13: An ORF73-vcyc-kl3 fragment from pSLl 180 (Simon Talbot) 

inserted into p i62, which includes the murine heavy chain 

intronic enhancer linked to a murine IgH promoter in pBluescript 

(Joanna B. Wilson).

Diagrams of the H2K-K1, H2K-k-cyc-K13 and IgH-orf73-k-cyc-K 13 plasmids are shown in figure 2.1. Unfortunately, 

the information detailed here was the only information I was given about the constructs.

The following plasmids were used in the LNA transcription regulation study:

pUAS-TK-CAT: A reporter plasmid containing five copies of the GAL4- 

binding site (UAS) upstream of the thymidine kinase 

promoter (Watson, 1993).

pG A L 4aal-147 : An effector plasmid containing part of the GAL4 DNA 

binding domain (BD) (Bain, 1996).

pSVPgal: A plasmid used to control for transfection efficiency. 

Contains Pgal gene and an SV40 promoter.

pGAL4-LNAaa2-1162 : An effector plasmid containing the GAL4 BD fused to the 

KSHV ORF 73 (LNA) gene.
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H2K
promoter

H2K-K1
plasmid

Predicted transcript: K1 mRNA

K13
K-cyc Not I

H2K
promoter

Predicted transcripts: K-cyc-K13 mRNA
H2K-k-cyc-K13
plasmid

K-cyc

Orf 73

Sful

IgH
promoter

lgH-orf73-k-cyc-K13
plasmid

KSHV origional 
poly A tail

Xhol

Predicted transcripts: Orf73, k-cyc-K13 
and K-cyc-K13 mRNA’s

Figure 2.1 H2K-K1, H2K-k-cyc-K13 and IgH-orf73-k-cyc-K 13 plasmid diagrams.
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2.1.4 Antibodies

The fo llow in g  antibodies have been used for W estern B lot analysis and im m unohistochem istry:

v-cyc: A mouse monoclonal antibody which recognises the v-cyclin protein. Used at 1/500 

concentration. (S. Mittnacht, ICR).

LNA53: A rat monoclonal antibody, which recognises the repeat region within the LNA protein . Used at

1/1000 concentration for Western blots and 1/500 for immunocytochemistry. (C.Shotton, ICR).

E51120: A mouse monoclonal antibody (IgGl isotype), which recognises aa 177 to 367 of the

transcriptional regulator E2F-1 protein. Used at 1/3000 concentration (Transduction Laboratories).

SL-29-05: (HRP conjugated). Polyclonal goat anti-mouse IgG secondary antibody. Used at 1/2000. (Dako).

SC-2006: (HRP conjugated). Anti-rat IgG secondary antibody. Used at 1/2000. (Santa Cruz Biotech)

SC-2001: (FITC conjugated). A human and mouse absorbed anti-rat IgG secondary antibody. Used at

1/1000 concentration. (Santa Cruz Biotech).

The fo llo w in g  antibodies have b een  used  for FA C S analysis. A ll w ere used  at a concentration o f  

1/50;

2.4G2: (FC Block, purified). This monoclonal antibody blocks non-antigen-specific binding to the FC 

receptor when used with other antibodies for FACS analysis (Pharmigen).

HI29.19: (PE conjugated). A rat monoclonal antibody which reacts with the CD4 differentiation antigen

(Pharmigen).

53-6.7: (FITC conjugated). A rat monoclonal antibody, which recognises the a  chain of the CDS 

differentiation antigen (Pharmigen).

1D3: (PE conjugated). This antibody reacts with CD 19, a B cell-lineage differentiation antigen 

(Pharmigen).

Cy34.1: (FITC conjugated). A mouse antibody which reacts with the B-lymphocyte differentiation

antigen CD22 (Pharmigen).
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HM40-3: (FITC conjugated). A hamster monoclonal antibody recognises the CD40

glycoprotein, expressed on B cells, follicular dendritic cells and thymic epithelium (Pharmigen). 

H1.2F3: (FITC conjugated). Reacts with CD69 (Very Early Activation antigen), a

homodimer whose expression is rapidly induced after activation of lymphocytes 

(T,B, and NK cells) and neutrophils (Pharmigen).

Jo2: (FITC conjugated). A hamster antibody which reacts with CD95 (FAS) (Pharmigen).

2.1.5 Mammalian Cell lines

The following cell lines were used for transfection experiments:

DG75: A  non-adherent E B V -n egative Burkitt lym phom a B  ce ll line derived

from a primary abdom inal lym phom a (B en-B assat e t al., 1977).

293s: A n adherent human em bryonic k idney ce ll line transformed with

adenovirus 5 D N A  (Sam ier e t a /., 1994).

B C -3: A  PEL ce ll line (Arvanitakis et a l ,  1996).

2.2 METHODS

2.2.1 Techniques for transgenic mice

FVB/N mouse strain was used in this study. One to five mice were kept in each cage, in 

a 1 2  hour light-dark cycle, and were given unlimited food and water.

2.2.1.1 PAW MARKING OF MICE FOR IDENTIFICATION

Mice were routinely screened by PCR analysis of genomic DNA extracted from a tail 

biopsy. At the time of this tail biopsy, mice were tagged for identification by toe- 

elipping the front paws. As shown in figure 2.2, the mice were marked using the eight 

digits available, and one or more digit normally clipped on each mouse.
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If, for example, the first digit of the left paw, and the third digit of the right paw of a 

mouse were removed, it would be identified as 1L3R.

2 3

LEFT RIGHT

Figure 2.2 Paw marking for identification. The mice were marked using eight 
digits, numbered as shown.

2.2.1.2 DNA EXTRACTION FROM MOUSE TAIL SAMPLES

Tail biopsies and paw markings were normally performed on 3 week old mice. A 0.5 - 

1cm piece if tail was removed (cut off) and placed into a 1.5ml eppendorf tube. DNA 

was extracted using a DNeasy tissue kit (Qiagen). All buffers (ATL, ALiEthanol, AW 

and AE) were provided by Qiagen. Tissue lysis was always performed overnight in 

180|il buffer ATL and 20pl. Samples were then centrifuged, (10 minutes at full speed) 

added, to remove any remaining tail debris (i.e. bones and hair). If hair was not removed 

before the sample was loaded onto the Qiagen column, the eluates contained colour 

pigments derived from it. It was found that these impurities were able to inhibit 

downstream PCR reactions. After centrifugation, 410|il buffer AL: Ethanol mixture was 

added, and the solution was mixed well. It was then loaded onto a QIAamp spin column, 

and centrifuged. Buffer AW was used to wash the samples. DNA was always eluted 

twice, with the same 50 - 200|il preheated buffer AE, to increase DNA yield. All other 

parts of the protocol were carried out according to the manufacturers instructions.
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2.2.1.3 RNA EXTRACTION FROM MOUSE ORGAN SAMPLES

RNA was extracted from mouse organ samples in order to test for transgene expression 

by RT-PCR. Organ samples were taken from mice killed just before the RNA extraction 

was carried out, and immediately frozen on dry ice. (Although it is not the best method 

for snap-freezing samples, dry ice was used because it was the most convenient and safe 

way to transport samples around the building). A Qiagen RNeasy Mini Kit (Qiagen) was 

used. In order to isolate total RNA, a 2mm^ (liver) or 3mm^ (all other organs) sample 

was used. This was homogenised in 600pl buffer RLT (containing 2-ME) using a 

syringe plunger in an eppendorf tube. Samples were then loaded onto an Rneasy spin 

column and centrifuged (1 minute at full speed). RNA was always eluted into 50pl 

RNase-free water (provided by Qiagen), and RNeasy columns always incubated for 10 

minutes at RT with the water before centrifugation. This was found to increase RNA 

yield. RNA was visualised by running 5-lOpl of the eluate on a 1% agarose gel (at 100 

volts for 1 hour).

2.2.1.4 PROTEIN EXTRACTION FROM MOUSE TISSUES

Protein was extracted from mouse tissues in order to perform Western Blot analysis, to 

test for protein expression. Organ samples were taken from mice killed just before 

protein extraction and added to chilled PBS in a 15ml falcon tube. (Chilled PBS was 

used to avoid protein degradation). They were then passed through a 70pm nylon cell 

strainer (Becton-Dickinson), to separate the cells and pelletted by spinning (2000rpm, 5 

minutes).

The resulting cell pellet was washed twice in ice-cold PBS, and in the final wash the cells 

were transferred to 1.5ml pre-chilled microfuge tube. They were then resuspended in 

600-800pl protein lysis buffer, and incubated for 2 0  minutes, on an orbital rotor at 4^C. 

Cell debris was pelleted at 14,000rpm for 15 minutes at 4^C. Protein concentration in 

each sample was measured using the protein “Bradford” assay (Bio-Rad), SDS-protein 

sample buffer was added, then each sample sonicated and boiled for 5 minutes. Proteins 

were visualised by Western blot analysis.
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2.2.2 Cell culture techniques

2.2.2.1 MAMMALIAN CELL CULTURE

Mammalian cells were used in transfection experiments. DG75 and BC-3 eells were 

eultured in suspension and maintained in RPMI 1640 (Gibeo BRL) supplemented with 

10% (v/v) heat inaetivated (55^C for 30 minutes) foetal calf serum (PCS) and lOOU/ml 

penieillin and streptomyein (Gibeo BRL). Cells were normally split 1:2 or 1:3 every 

other day by adding supplemented growth medium.

293s eells were eultured in DMEM (Gibeo BRL) supplemented with 10% (v/v) heat 

inaetivated PCS and lOOU/ml penieillin and streptomycin (Gibeo BRL). Por splitting, 

cells were washed with l-4ml trypsin-EDTA (GibeoBRL) then ineubated with 2ml fresh 

trypsin-EDTA at 37°C for about 5 minutes.

The trypsin was inactivated using 10-20ml pre-warmed growth medium and the eells 

separated by passing the solution through a pipette several times.

The cells were counted using a haematoeytometer ehamber , then seeded onto new plates 

at the appropriate density.

2.2.2.2. TRANSIENT TRANSFECTION OF SUSPENSION CELLS

DG75 eells were split 1:3 in fresh, pre-warmed growth medium 13-15 hours before 

transfection. 5-8 x 10̂  cells were used per transfection. Cells were pelleted (500xg at 

4^C for 5 minutes), and the growth medium retained as ‘conditioned medium’. The cell 

pellets were resuspended in 150p,l RPMI 1640 and the suspension was added to an 

electroporation cuvette (0.4mm gap, Bio-Rad), eontaining plasmid DNA’s suspended in 

50 p.1 unsupplemented RPMI 1640. The cuvette was then incubated on iee for 5-10 

minutes and the eells eleetroporated using a Bio-Rad Gene Puiser™ set at 975|iF and 250 

volts.
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The cuvette was transferred immediately to 37^C, and incubated for 15 minutes to allow 

for DNA reassortment. The cells were resuspended in 10ml of the retained “conditioned 

medium”, and harvested 48 hours after transfection.

2.2.2.3 TRANSIENT TRANSFECTION OF ADHERANT CELLS

The evening before transfection, 2-5 x 10̂  cells were seeded onto 6 cm tissue culture 

dishes and, 1-3 hours before transfection, the medium in each dish was replaced with 

fresh growth medium. A mixture of plasmid DNA, 32pl 2M CaClz and ddH2 0  up to 

250)l i 1 was added dropwise to 250p,l pre-warmed 2 x HBS buffer. The solution was 

incubated at RT for 20-30 minutes and then at 37°C until a fine white precipitate had 

formed. This solution was then added to the cell growth medium, and left overnight. 

The next morning, the cells were washed three times with pre-warmed, unsupplemented 

medium, then re-fed with 5ml growth medium. Cells were harvested 24 hours later.

2.2.3 Molecular Biology techniques

Unless otherwise specified, all enzymes used were manufactured by Promega, and all 

antibodies were manufactured by Pharmigen.

2.2.3.1 DIGESTION OF DNA WITH RESTRICTION ENDONUCLEASES

DNA digestions were carried out in order to linearise plasmids (3p,g DNA used), 

fragment genomic DNA (lOpg DNA used) or remove a gene fragments from a plasmid 

(3|ig DNA used). A digestion (in a final volume of 50pl) was as follows:

1 -  lOgg DNA

5gl 10 X restriction buffer

1 -3 gl restriction enzyme(s) (1-30 units)

ddH20 to 50gl
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2.2.3.2 AGAROSE GEL ELECTROPHORESIS

Mouse tail DNA was resolved on 0.8% agarose gels (as part of the Southern Blotting 

method) and all other DNA was resolved on 1% gels. The gels were prepared by 

dissolving (in a microwave oven) general grade agarose (Promega), in 100ml of Ix TAE. 

The mixture was allowed to cool before Et. Br. was added to a final concentration of 

0.5g/ml. Gels were normally cast in agarose mini-gel units. Agarose gel loading buffer 

was added to DNA samples and loaded into a set gel. Electrophoresis was carried out 

overnight at 25 volts for Southern Blot gels, or for one hour at 100 volts in all other cases.

DNA size markers (Gibeo 1KB ladder) were always included, and electrophoresis was 

usually carried out at lOOv. The DNA fragments were visualised under UV 

luminescence.

2.2.3.3 DNA EXTRACTION FROM AGAROSE GELS

Qiagen Gel extraction method:

Gene fragments used to make Southern blot probes were resolved on agarose gels (see 

above) until all bands were distinctly separated. The appropriate fragment was then 

excised from the gel, placed in a 1.5ml Eppendorf tube, and purified according to the 

manufacturers instructions (QIAquick Gel extraction kit, Qiagen). This involves 

dissolving the agarose in a buffer (without Nal) so that the DNA will bind to a silica gel 

column. Impurities and salts are removed with a wash buffer and DNA is eluted into a 

low salt buffer such as EB (lOmM TrisCl, pH 8.5) or dH2 0 .

2.2.3.4 PROTEIN ESTIMATION OF CELL EXTRACTS

Protein concentrations were measured so that equal amounts of samples could be used in 

Western Blot analysis. For each sample, 2pi of protein extract was mixed with 750pl of 

ddH2 0  in a disposable semi-micro 1.5ml polystyrene cuvette (Bio-Rad). 250pl of Bio- 

Rad protein reagent (supplied by Bio-Rad) was added, and the solution mixed by 

pipetting. The OD595 of the sample was measured, with the aid of a ‘blank’ cuvette, 

containing no protein extract.
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The protein level in each sample was quantified by also measuring the O D 595 of a sample 

containing a known concentration of BSA, and plotting standard curves.

2.2.3.S PCR

PCR was used to identify transgenic mice (using DNA extracted from tail tips as a 

template) or to screen transformed bacteria. Each PCR master mix contained:

5gl

3gl

0.5gl

Igl
0.5gl (2.5U) 

l-2g l

10 X Taq buffer (MgCb free)

25mM MgCh 

o f each primer

lOmM mixture o f each dNTP (Pharmacia Biotech) 

Taq DNA polymerase 

Template DNA  

ddH20 to 50ml

For transgenic mouse analysis, 40 cycles of PCR were carried out in a DNA Thermal 

cycler (Robocycler, Stratagene), with the following conditions:

PRIMER PAIR DENATURATION ANNEALING EXTENSION
ACT (+)/ ACT (-) 94®C for 30 sec 52®C for 45 sec 72®C for 60 sec

ACT (2+)/ ACT (2-) 94®C for 30 sec 52®C for 45 sec 72®C for 60 sec

Kl (+ )/K l (-) 94®C for 45 sec 47®C for 45 sec 72®C for 90 sec

K l (2 + )/K l (2-) 94®C for 45 sec 47®C for 45 sec 72®Cfor90 sec

LNA (+ )/L N A (-) 94®C for 30 sec 50®C for 30 sec 72®C for 90 sec

LNA (2+)/ LNA (2-) 94®C for 30sec 50®Cfor30 sec 72®C for 90 sec

k-CYC (+)/ k-CYC (-) 94®C for 30sec 49®Cfor30 sec 72®C for 90 sec

k-CYC (2+)/ k-CYC (2-) 94®C for 30sec 47®C for 30 sec 72®C for 90 sec

K 1 3 (+ )/K 1 3 (-) 94®C for 30sec 51®Cfor30 sec 72®C for 90 sec

K 1 3 (2 + )/K 1 3 (2 -) 94®C for 30sec 51®C for 30 sec 72®C for 90 sec

K-CYC (+ )/K 1 3 (-) 94®C for 45sec 50®C for 45 sec 72®C for 90 sec

k-CYC (2+ )/K 13(2 -) 94®C for 45sec 50®C for 45 sec 72®C for 90 sec

H2K (+)/ k-CYC (-) 94®C for 45sec 47®C for 45 sec 72®C for 90 sec
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PCRs were performed in 0.5p-l Eppendorf tubes, and samples overlaid with paraffin oil to 

prevent evaporation. For nested PCR, 2p.l of the completed first round PCR was added as 

a template to a fresh PCR mix containing the nested primers of interest. The products 

were analysed by agarose gel electrophoresis.

2.2.3.6 RT -PCR

Extracted RNA was treated with DNase I, to remove any contaminating DNA in the 

sample. Each reaction contained:

24\i\ total RNA

3pi lOx DNase buffer (Invitrogen)

3 pi RNase-free DNase I (Boehringer)

Incubate at 37°C for 30 minutes.

DNase I is not heat-inactivatable, so after DNase treatment each RNA sample was 

repurified using the Qiagen RNA clean-up protocol (according to the manufacturers 

instructions). The resulting DNA-ffee RNA was eluted into 50pl RNase-free water, and 

5-lOpl of this visualised on a 1% agarose gel before cDNA synthesis was performed.

cDNA synthesis was carried out in two stages. A first annealing mix was made freshly, 

containing at least 2 antisense primers (Actin and a KSHV gene):

Anti sense primer 1 

Antisense primer 2 

Other antisense primers 

RNase-free water to 7 pi

5pi of DNase digested RNA sample and 7pi of first master mix were mixed well in a 

clean Eppendorf tube.
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The tube was then placed at 70°C and slowly cooled to 40°C, to allow the primers to anneal to 

the RNA. During the incubation period, a second synthesis mix was prepared. For each 

sample, this contained:

4pl 5 X First Strand Buffer (GibeoBRL)

2pl O.IM DTT (GibeoBRL)

l|il lOmM dNTPs (Pharmaeia Bioteeh)

1 |xl SuperSeript II (GibeoBRL)

8 lull of the synthesis mix was added to each tube, and mixed thoroughly. The tubes were 

incubated at 42^C for 60 minutes. After cDNA synthesis, nested PCR was carried out. 

All RT-PCR products were analysed by agarose gel electrophoresis.

2.2.3.7 PREPARATION OF WHOLE CELL EXTRACTS FROM TRANSFECTED 

CELLS

Non-adherent cells:

Cell extracts were used in the assays described below. Cells were normally harvested 

approximately 48 hours after transfection. They were washed twice in 10ml ice-cold 

PBS and transferred into a 1.5ml Eppendorf tube in 1ml ice-cold PBS. The cells were 

pelleted by centrifugation at 6,500rpm in a bench top microcentrifuge for 5 minutes at 

4®C, then resuspended in 62fxl of 0.25M Tris-HCL (pH 8.0). They were lysed by three 

freeze-thaw cycles (each cycle consists of 2  minutes in a dry ice-ethanol bath and 2  

minutes in a 37®C water bath, followed by a 20 second vortex). Cell debris and genomic 

DNA were pelleted at 13,000rpm for 15 minutes at 4^C, and the supernatant used for 

CAT and P-galactosidase analysis.
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Adherent cells:

Growth medium was aspirated off and cells were washed twice in 5ml ice-cold PBS.

They were then scraped into 1ml of ice-cold PBS and transferred into 1.5ml microfuge 

tubes. The cells were pelleted (6500rpm in a bench top microcentrifuge for 5 minutes at 

4^C) and whole cell extracts were prepared as described above.

2.2.3.S P-GALACTOSIDASE ASSAY OF TRANSFECTED CELL EXTRACTS

(3-galactosidase assays were used in initial transient transfection experiments. 2 0 pl of 

whole cell extract (prepared as above) was incubated in a 240pl reaction mix containing:

20pl whole cell extract 

24pl lOx Z buffer 

40pl ONPG 

156^1 ddHiO

Reactions were incubated in a water bath at 37^C until a yellow colour developed (after 

about 1 hour).

The reactions were then terminated by increasing the pH of the mixture, using 740pl of 

IM NaHCOs, pH 12.0. The OD420 of each sample was measured relative to a blank 

reaction mix, which contained 20 |l i 1 of 0.25M Tris-HCL pHS.O in place of the whole cell 

extract.

2.2.3.9 CAT ASSAY OF TRANSFECTED CELL EXTRACTS

Non-chromatographic method (Sleigh, 1986):

CAT assays were used in transient transfection experiments to test the transcriptional 

regulatory qualities of the LNA protein. 20pl of whole cell extract from transfected cells 

was heat inactivated at 65^C for 1 0  minutes, in order to inactivate any endogenous 

acetylases, deacetylases and proteinases present.
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For each sample following reaction mix was made:

20^1 cell extract

2.25^1 4mM Acetyl coenzyme A (Sigma, UK)

2|il [1-'"^C] Acetyl coenzyme A (Amersham)

1.6|0,1 lOOmM Chloramphenicol (in Ethanol)

74.15|il ddHzO

Reaction mixes were incubated at 37^C for about 60 minutes. In order to extract 

acetylated species, 250p.l of Ethyl Acetate was added, and the solutions vortexed for 10 

seconds. The phases were separated by brief centrifugation (14,000 rpm in a bench top 

microcentrifuge for 1 minute at RT).

2 0 0 |il of the non-aqueous (top) phase (which carried the acetylated species and 

chloramphenicol) was collected and added to 5 ml of Ecoscint A (National diagnostics, 

USA). Radioactivity of this solution was measured as disintegrations per minute (dpm) 

using a Beckman LS 3801 liquid scintillation counter.

2.2.3.10 SOUTHERN BLOT ANALYSIS

Southern blotting was carried out in order to determine both the transgene integration 

pattern and copy number in the mice. 5-lOp.g tail DNA was digested with a restriction 

endonuclease (which cuts the transgene fragment only once) for 5-8 hours. The digested 

DNA was run on a 0.8% agarose gel at 25V, overnight, and the electrophoresed gel 

photographed on a UV lightbox, to visualise the DNA.

The gel was rinsed in ddHiO before being washed in O.lMHCl for 5 minutes. This was 

followed by two 20 minute washes in Dénaturation Buffer and two 15 minute washes in 

Neutralising Buffer. The blot was assembled as in figure 2.3. SSC was used as the 

blotting buffer and Hybond-N as the membrane. After blotting, DNA was fixed to the 

membrane by UV crosslinking (on a UV box for 90 seconds).
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<■ Weight

<■

<■
<■

Tissues

3 mm paper

Hybond-N

Gel

W ick (3mm paper)

Reservoir containing 20x SSC

Figure 2.3 Southern blot assembly. A wick was made from 3mm paper, and placed on 
top o f  a table in a reservoir containing 20x SSC. The gel was placed on top 
o f  this, and Hybond-N on top o f  the gel. 3mm paper and tissues were placed 
on top o f  the Hybond-N, and a weight was used to hold the apparatus in 
place.

Prehybridisation and hybridisation was carried out in roller-bottles in a hybridisation  

oven (Hybaid). The membrane was pre-wet in 1 x SSC, then placed in a roller-bottle 

with prehybridisation buffer, and incubated at 65^C for at least 1 hour (norm ally  

overnight). The probe was then injected into the bottle through a small bleed hole, and 

the blot hybridised overnight.

Gel purified D N A  fragments were normally used as probes. These were radiolabelled  

using the ‘R eady-to-go’ system  (Amersham): The fragment was denatured by boiling for 

5 m inutes, then placed on ice. The reaction mix was reconstituted by adding 30p l 

ddH2 0 , and the DNA fragment added, together with 5pl o f  a-^^P-dCTP.

The labelling reaction was allow ed to run for 1 hour, at 37°C. Unincorporated counts 

were removed by passing the probe solution through a Sepharose 6 CLB column and the 

probe boiled to generate single strands.
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After hybridisation, the membrane was washed for 5 - 6 0  minutes in Southern Wash 

buffer, wrapped with cling film and exposed to film in a cassette in the dark, at -70°C for 

a week.

2.2.3.11 WESTERN BLOT ANALYSIS

Western Blot analysis was carried out in order to test for protein expression in the mice. 

Protein samples were separated by SDS-PAGE. Gels were cast and electrophoresed 

using a Hoefer SE 600 vertical slab gel unit. 7.5% and 12% gels were used:

RESOLVING GELS STACKING GEL
7.5% 12% 4%

A ery lam id e  stock  7.5ml 12ml 1.67ml

IM  T ris -H C L  (p H 8 .8 /6 .8) 11.2ml (pH 8.8) 11.2ml (pH 8.8) 1.25ml (pH6.8)

10% (W/V) SDS 300pl 300pl lOOpl

d d H 2 0  11.2ml 6.2ml 7ml

10%  (W /V ) A PS  lOOpI lOOpI 50pl

T E M E D  20pl 20pl lOpI

The resolving gel was added to the gel unit first, and overlaid with water saturated butan- 

l-ol. This eliminated excess air to facilitate polymerisation, helped to remove air bubbles 

and formed an even surface at the top. After the gel had set, the butan-l-ol was washed 

off, and the stacking gel added. A comb was added to the top of the stacking gel before it 

set, to form wells.

Before they were loaded onto the gel, each protein sample was solubilised in SDS-Protein 

sample buffer then sonicated to shear DNA and boiled for 5 minutes. Cell debris was 

pelleted by centrifugation at 14,000 rpm for 5 minutes at RT. Samples were loaded so 

that the same amount of protein was present in each lane. Size markers (Rainbow 

coloured protein molecular weight markers, Amersham) were also used. The samples 

were electrophoresed in 1 x PAGE running buffer at 45V overnight.
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After electrophoresis, the gel was equilibrated in 1 x Western Blot transfer buffer, 

containing 1% SDS, for 15 minutes at RT. Proteins were transferred to a nitrocellulose 

membrane (prepared according to the manufacturers instructions) in a wet transfer unit in 

1 X Western Blot transfer buffer at 4^C. Overnight transfer was carried out at 32V.

Following transfer, the gel was stained in gel stain solution for 2 hours and de-stained in 

ddH2 0 . This helped to visually determine even loading of the samples. The filter was 

rinsed in PBS containing 0.05% Tween-20 (PBS-T), then “blocked” for 1 hour at RT 

with 5% dried skimmed milk (Marvel, UK) in PBS-T (PBS-TM). It was then normally 

incubated with the primary antibody (at the appropriate dilution in PBS-TM) overnight at 

4"C.

The next morning, the filter was washed vigorously in PBS-T for 1 hour with regular 

changes, before it was incubated with the secondary (HRP conjugated) antibody (in PBS- 

TM for 1 hour at RT). The filter was again washed in PBS-T for at least 1 hour. Protein- 

antibody complexes were identified using ECL, according to the manufacturers 

instructions (Amersham, UK). This is a light emitting non-radioactive method for 

detection of immune specific antigen conjugated directly or indirectly to an HRP 

antibody. After incubation with the secondary antibody and washing, ECL detection 

reagent is added and the filter is exposed to film.
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2.2.3.12 IMMUNOCYTOCHEMISTRY

Mouse cells or transfected cells were used. Mouse organ samples were taken from the 

animals on the same day, and transported in PBS, on ice. The organs were passed 

through a 70pm-nylon cell strainer (Becton-Dickinson), to separate the cells. Mouse 

blood was taken using 5p.l heparin, and erythrocytes lysed in Red cell lysis buffer (see 

appendices for content). Subsequently, all cells were treated in the same way: The cells 

were washed twice with PBS, fixed with 4% paraformaldehyde for 10 minutes at RT and 

washed once with PBS before being permeabilised with 0.2% Triton for 15 minutes at 

RT. Two more washes with PBS were carried out.

Mouse cells and suspension cells were resuspended in 50-200|il PBS, and pipetted onto 

glass slides (the cells were not counted before smears were made). The slides were 

allowed to dry for about 1 /2  hour and were only rehydrated when antibody solution was 

added to them. In contrast, adherent cells were not allowed to dry out (they were treated 

in the 6  well plates they were initially plated in for growth). Antibody was diluted in 

PBS containing 3% FBS, then incubated on the cells for 45 minutes at RT (dilutions used 

are detailed in section 2.1.4). Following incubation, the cells were washed 4 times in 

PBS containing 3% FBS, and a secondary fluorescein-conjugated antibody (in PBS 

containing 3% FBS) added. This was left for 20-30 minutes at RT, before the cells were 

washed again. A drop of glycerol was placed on the cells and a glass cover slip was 

placed on top of this, so that a fluorescence microscope could be used to visualise the 

fluorescein.

2.2.3.13 FACS ANALYSIS

FACS analysis was carried out on mouse spleen, bone marrow, thymus, lymph node and 

blood cells. This is because these are the most likely source of B cells. As described in 

the Introduction, Kl may have some function in B cells. The cells were separated using a 

70pm-nylon cell strainer, and the erythrocytes lysed as described above.
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Bone marrow cells were extracted by flushing PBS through bone (from the limbs), using 

a needle and syringe. Separated cells were washed with PBS and resuspended in the 

required volume of fresh PBS. l-2p,l FC block was added to this, in order to prevent non

specific binding. For each antibody used, lOOpf cell solution (cells in PBS and 2pi FC 

block) was added to a FACS tube and 2pl antibody added (giving a dilution of 1/50 of 

antibody). The samples were mixed well, then incubated on ice for 30 - 60 minutes, or at 

RT for 8 minutes (the most convenient method could be used each time). After 

incubation, cells were washed with 2ml PBS containing 0.1% azide and 0.1% BSA. 

They were then resuspended in PBS and FACS analysis performed on 10,000 cells from 

each sample.

2.2.3.14 DNA MANIPULATION USING BACTERIAL PLASMIDS

The following methods were used to clone the ORF 73 gene fragment into pGAL4aai-i47-

a. Preparation of Electrocompetant E. Coli

XL 1-Blue and HBlOl E.Coli strains were used (Promega). A starter culture was 

prepared by growing a single colony of bacteria in a 5ml volume of LB agar for 5-8 

hours, in a shaking incubator at 37°C. This was then transferred to a larger volume of 

medium (1-2 L), and left to grow overnight. The culture was allowed to grow until the 

ODôoo reached 0.5. The bacterium were pelleted by spinning at 4000rpm at 4^C for 10 

minutes, washed twice with ice cold dH2Û, and left on ice for 20 minutes. After pelleting 

again, the bacteria were resuspended in about 4ml 10% glycerol (in PBS), 150pl aliquots 

placed in Eppendorf tubes and snap frozen on dry ice. The aliquots were stored at -70^C.

b. Blunt ending DNA

The Klenow Fragment of DNA polymerase I was used to add nucleotides to plasmid 

DNA with 3' overhanging ends, thereby making "sticky" ends into "blunt" ends. A 

typical reaction contained:
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16|xl purified, linearised plasmid DNA

2pl Klenow enzyme (5U/pl)

2.5 |xl 1 Ox Klenow buffer

2pl dNTPs (lOmM each)

2.5^1 dH zO

Reactions were incubated for 15 minutes at 24°C. The DNA was then purified using a 

Qiagen gel extraction kit.

c. Dephosphorylation of linearised plasmids

Dephosphorylation of a linearised vector was carried out in order to minimalise self- 

ligation of the plasmid. Calf Intestinal Phosphatase (GIF) enzyme was used for this. For 

each reaction, the following were normally mixed;

1 -20pl Linearised plasmid DNA

1 Opl CIP enzyme ( 1 U/pl)

5 pi CIP 1 Ox buffer

dH20 to 50pl

Each reaction was incubated at 37^0 for 30 minutes. The plasmid DNA was then 

purified using a Qiagen gel extraction kit.

d. Ligation

Linearised, Klenow treated, dephosphorylated plasmids were ligated to insert genes using 

T4 DNA ligase. Polyethylene glycol (PEG) was sometimes used to aid the ligation 

process. A reaction contained:
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1 ni PEG (30%WÂ  in dHjO)

0.5-1 ni treated and purified plasmid DNA

l-5n l purified insert DNA

1 nl T4 DNA ligase (3U/nl)

1 nl 1 Ox ligase buffer

dH2 0  to 1 Onl

Reactions were incubated at 12-14 °C overnight, or 4°C over 2 days.

e. Transformation of ligated plasmids

Ligated plasmids were transformed into electrocompetant E.coli (Promega) by 

electroporation. For each sample, 5|l i 1 ligation mix was added to 40^1 bacteria in a 

chilled 1.5ml Eppendorf tube. The solution was mixed well, then transferred to a cooled 

1mm electroporation chamber (Bio-Rad). The cells were electroporated in the chamber 

using a Bio-Rad Gene Puiser™ set at 25pF and 1000 volts. They were then transferred 

to 1ml LB broth (containing no ampicillin), and incubated, shaking, at 37^C for 1 hour. 

After this "recovery" period, the bacteria were plated onto LB agar (with ampicillin), and 

left to incubate at 37^C overnight.

f. Screening Bacterial colonies

Plasmids used for ligation contained an ampicillin resistance gene (Amp^). Colonies 

found growing on LB agar plates (provided by ICR) containing transformed E. Coli were 

resistant to ampicillin on the plates, so were known to have taken up the ligated plasmid 

DNA. These were screened for presence of the insert by PCR or diagnostic digestion.

Screening by PCR

Colonies were individually lifted from the LB agar plates and mixed into 50pl LB broth 

(with ampicillin). 2 |l i 1 of the solution was then used as the template in a PCR reaction. 

Reaction mixes were used as described in section 2.2.3.5.
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To test for the presence of the insert (in any orientation), both primers were designed to 

anneal to DNA within the insert region. To test for the presence of the insert in the 

correct orientation, the sense primer was designed to anneal to the plasmid vector, and the 

antisense primer was designed to anneal to the insert. 40 cycles of PCR were carried out 

in a DNA Thermal cycler (Robocycler, Stratagene), with the following conditions:

PRIMER PAIR DENATURATION ANNEALING EXTENSION

To test for presence o f  insert:

LNA (+)/ LNA (-) 94‘*C for 30 sec 47®C for 30 sec 72®C for 90 sec

To test for presence o f insert in the correct orientation:

Gal4 BD (5 '+ )/LNA mid (-) 94"C for 40 sec 53°C fo r3 5 sec  72“C for 120 sec

Gal4 BD (5 '+ )/LNA (-) 94"C for 30 sec 47°C for 30 sec 72"C for 90 sec

g. Small Scale Preparation of plasmid DNA (Miniprep)

For diagnostic digestions, DNA from the transformed bacterial had to be prepared. 

Single colonies were grown in l-5ml LB broth (containing ampicillin) in a shaking 

incubator overnight. Minipreps were then carried out according to the manufacturers 

instructions (Qiagen). This involves alkaline lysis of bacteria, followed by neutralisation 

of the the lysate (to remove all cellular components including proteins etc.). The lysate is 

then adjusted to high salt binding conditions. The DNA then binds to the silica gel 

column and is eluted with a low salt buffer such as EB buffer (lOmM 

TrisCl, pH 8.5) or H20.

h. Large Scale preparation of plasmid DNA (Maxiprep)

Large quantities of plasmid DNA were needed for transfection purposes. For this, a 

starter culture was prepared by growing a single colony of bacteria in a 5ml volume of 

LB agar for 5-8 hours, in a shaking incubator at 37®C.
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This was then transferred to a larger volume of medium (0.2-0.5L), and left to grow 

overnight. Maxipreps were carried out according to the manufacturers instructions 

(Qiagen). This method is similar to the miniprep method, and involves alkaline lysis of 

bacteria + neutralisation. The DNA binds to an anion-exchange resin under low salt 

conditions. A wash with a medium salt buffer removes cellular components. The DNA is 

then eluted in a high salt buffer, desalted with isopropanol and disolved in buffer (such as 

EB).

79



3. RESULTS

3.1 Generation of three lines of transgenic mice

In order to study the effects of four different potential oncogenes encoded by KSHV in 

vivo, three different lines of transgenic mice have been generated: One containing Kl, 

another containing ORFs 71 and 72 (present on a bicistronic latent transcript) and a third 

containing ORFs 71,72, and 73 (all present on a latently expressed tricistronic transcript).

This project was initiated by Dr Stefan Wagener. He cloned the plasmids (pH2K-Kl, 

pH2K-K13 and pIgH-ORF73-k-cyc-K13) from which the gene fragments used to 

generate the mice were taken. Dr David Faulkes performed the microinjections. It was 

found that the injection procedure was very inefficient: For example, although 247 eggs 

were injected with the H2K-K1 transgene, only one founder was produced (Figure 3.1).

Dr Wagener carried out some initial genotyping. I continued this work, in order to 

generate homozygous lines of transgenic mice for subsequent analysis. In each line, 

heterozygote founder mice (containing one copy of the transgene on each chromosome 

with an integration site) were mated with WT’s, to produce FI mice. Male and female 

PCR positive F I’s with the same transgene integration patterns were mated for F2’s, and 

homozygotes (containing two copies of the transgene on each chromosome with an 

integration site) identified from these. In each case, homozygous F2’s were then mated to 

create a line of homozygous transgenic mice (Figures 3.1-3.3, in which my work is shown 

in black type). Mice can be mated from puberty (7 weeks of age), until they are about 1 

year of age, and pregnancy normally lasts for about three weeks.
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FI

F2

H2K- Kl

FO FOUNDER "J"

X WT

S/19 PCR +VC PROGENY

3 matings

18/27PCR +ve PROGENY

(4b, 5b and 6 b females and 6 a 
male identified as homozygote)

2  matings

LINE OF HOMOZYGOTES

Figure 3.1 H2K-K1 line “family tree”. This shows that only one founder was
obtained. A line of homozygotes was produced. (Dr Wagener’s work 
is shown in grey type).
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FO

FI

H2K-kcyc-K13

FOUNDERS 1, 3, 4, 19

DIED

DIDN’T MATE

DOESN”T PASS 
TRANSGENE ON 
(M OSAIC)

X WT

9/18 PCR +ve PROGENY

F2

LITTERS DIED NO MATING

6  matings

8/9 PCR +ve PROGENY

(5a,la and 3a 
females and 9a male 
identified as 
homozygote)

1 mating

LINE OF HOMOZYGOTES

Figure 3.2 H2K-k-cyc-K13 line “family tree”. Four founders were identified, but only 
one could be used for further mating. A line of homozygotes was produced.
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IgH-ORF73-kcyc-K13

FO

FI

FOUNDER
"2L2R''

X WT

\ /

3/19 PCR +ve PROGENY

NO MATING

X WT

3 matings

V
2/5 PCR +ve PROGENY

F2

FEMALE 
KILLED BY 
MALE

2  matings

15/20 PCR +ve PROGENY

( 1 a and 9a females and 8 b 
male identified as 
homozygote)

I mating

LINE OF HOMOZYGOTES

Figure 3.3 IgH-0RF73-k-cyc-K 13 line “family tree”. Only one founder was identified, 
and a line of homozygotes was produced from this.
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3.1.1 Genotyping mice by PCR analysis

In order to test for the presence of the transgene within the genomic DNA of the mice, 

PCR analysis was routinely performed. I designed all primer sequences with the aid of 

computer analysis: The KSHV DNA sequence of interest was aligned with analogous 

human or mouse sequences, so that sequences specific to KSHV could be identified. (For 

example, the KSHV encoded k-cyc gene was compared to cellular cyclins D1 and D2, 

and KSHV’s k-FLIP was aligned with the long form of mouse and human FLIP, and the 

short form of human FLIP.) All sequences were taken from GENBANK.

I optimised the PCR conditions with the aid of the graded anneal temperature (ramp) 

function on a Robocycler (Stratagene). Various annealing temperatures and melting, 

annealing and strand extension times were tested for each primer pair used, so that non

specific annealing and satellite bands could be avoided. The optimised PCRs gave rise to 

clear positive (band present in the gel lane) and negative (band absent) results (Figure 

3.4). Turbo PFU polymerase (Stratagene) was used for optimisations, and Taq used for 

routine PCR analysis. (Optimised PCR conditions are detailed in the methods section).

84



841 bp

H2K-K1 D N A  PCR using K l (+)and K l (-) primers

323 bp —^
^  ;3A.'
Ê Ê H AIM

A-

H 2K -k-cyc-K 13 D N A  PCR using kcyc (+) and k-cyc (-)primers

484bp — I m : # '  ’A  •
i t f v  ^  4V?

IgH -orf73-k-cyc-K 13 D N A  PCR using LNA (4-) and LNA (-) primers
Numbered lanes represent mice in the litter numbered in the same way.

Figure 3.4 G enotyping by PCR analysis. Optimised PCR’s gave rise to clear 
genotyping results. Transgenic mice were PCR positive, and were 

represented by a clearly visible band on the gels. In contrast, no 
band was present in WT mouse sample lanes.
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3.1.2 Analysis of transgene integration by Southern Blotting

The genome of a founder mouse may contain one or more transgene integration sites, and 

its progeny may inherit some or all of these. In order to generate stable F2 mice, two 

PCR positive F1 mice with the same transgene integration were always mated. This is 

important for maintaining the transgene in the genome: If two mice with different 

integration sites were mated, the transgene would eventually be lost after future matings.

Southern blots were performed in order to study transgene integration patterns (the way in 

which the transgene fragments were inserted into the genome) and copy numbers (the 

number of gene fragments present in each integration site) in the mice. For this, DNA 

was digested with an enzyme known to cut the transgene once, at one end, and a probe 

was designed to anneal to the larger half. Integration patterns could be deciphered from 

the banding patterns seen on the photographic film, and for integration sites with more 

than one copy of the transgene, copy numbers could be estimated by comparing band 

intensities. For each integration site, two bands were present in each sample lane on the 

film (Figure 3.5).
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INTEGRATION PATTERN SOUTHERN BLOT

Bottom bandTop band

A

Head to tail tandem repeat pattern

Bottom band Top band

B
Head to head, two copies. Each band represents 

one o f  the transgenes,

Bottom band represents all except the 
first transgene, so is more intense. 
The intensities o f  the two bands are 
compared to estimate copy number.

same intensity.

Figure 3.5 Transgene integration patterns. For each integration site, two bands are
present. Where one band is more intense, the copy number is greater than 
two. Integration patterns can also be desciphered by studying the banding 
pattern.

The three lines o f  transgenic mice were at different stages o f  developm ent at the time Dr 

W agener finished w orking on the project (Figures 3 .5 -3 .7 ). Southern blots were 

performed separately, using a probe, freshly made, at the tim e it w as needed. After 

optim isation (involving choice o f  probe and blotting m ethod), the H2K-K1 and IgH- 

O RF73-k-cyc-K 13 blots were carried out with relatively little difficulty. In contrast, a 

significant amount o f  optimisation was required for the H 2K -k-cyc-K I3 Southern blot. 

When probed with a k-cyc PCR product probe (used successfully  for the IgH-ORF73-k- 

cyc-K 13 blot), only dark smears suggestive o f  non-specific hybridisation were seen on 

the film.

87



In contrast to the H 2K -k -cyc-K 13 b lo t’s k -cy c  probe, it is lik e ly  that, w hen  the IgH - 

O R F 73-k -cyc-K  13 b lo t’s k -cy c  probe w as m ade, on ly  part o f  the k -cyc fragm ent w as  

radiolabelled. The form er bound n o n -sp ecifica lly  to m ou se g en o m ic  D N A . V arious 

other rad io lab elled  P C R  fragm ents w ere u sed  to probe the H 2 K -k -cy c-K 1 3  b lot 

(including H 2K  and K 13) but it w as found that n on-specific  hybridisation occurred in all 

cases. S everal d ifferent hybrid isation  buffers w ere a lso  tested , but no increase in  

specificity  w as observed.

To overcom e the problem , a probe w as even tu ally  id en tified  b y  screen ing d igested  

fragments o f  the transgene using an “inverted Southern b lot” . Instead o f  m ouse genom ic  

D N A , the potential probe fragm ents w ere separated by gel electrophoresis and blotted  

onto a membrane; and instead o f  a radiolabelled PC R fragment, radiolabelled W T m ouse  

gen om ic D N A  w as u sed  as a probe. B ands o n ly  present on the g e l and not the 

autoradiograph corresponded to fragm ents that did not bind n o n -sp ecifica lly  to m ouse  

genom ic D N A  (Figure 3 .6a and b). The first o f  these w as chosen  as a probe for the H 2K - 

k-cyc-K 13 Southern blot.

88



Various digests o f fragment

Figure 3.6a D N A  Gel for H 2K -k-cyc-K 13 inverted testblot.

Various digests o f fragment

Figure 3.6b H 2K-k-cyc-K13 inverted Southern test blot. Bands only present on the gel 
(not on the film) corresponded to fragments that did not bind non- 
specifically to m ouse genom ic DNA.
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All m ice contained only one integration site, but integration patterns were different in 

each case: The H2K-K1 line w as found to contain 4 to 8  copies o f  the transgene in a head 

to tail tandem repeat pattern and the H 2K -k-cye-K 13 and IgH -O R F73-k-cyc-K 13 lines 

were found to contain only tw o copies o f  the transgene in a head to head pattern (Figures 

3.7-3.9).

/ / / /

Homozygotes

#

Higher molecular 
weight band

More intense lower 
molecular weight band

Figure 3.7 H2K-K1 Southern blot. This line w as found to contain 4 to 8  

copies o f  the transgene in a head to tail tandem repeat pattern.
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Transgenic

Two bands

Figure 3.8 H 2K -k -cyc-K l3 Southern blot. This line was found to contain 
two copies o f  the transgene in a head to head pattern.

/
Transgenic

Two bands

Figure 3.9 lgH -orf73-k-cyc-K 13 Southern blot. Like the H 2K -k-cyc-K 13  
line, this line was also found to contain two cop ies o f the 
transgene in a head to head pattern.
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3.1.3 Identification of Homozygotes

A ccording to M endelian ratios, in a litter o f  F 2 ’s, 1 in 4  m ice  are hom ozygote. H ow ever, 

for a hom ozygote line, at least one hom ozygote m ale, and one h om ozygote  fem ale must 

be identified  for m ating. S ince the probability o f  a m ou se b eing  a sp ec ific  sex  (e.g . 

fem ale) is 1 in 2 , the probability o f  identify ing  a h om ozygou s m ou se o f  a sp ecific  sex  

(e.g . a fem ale h om ozygote) is 1 in 8 . For this reason, for each m ouse line, at least three 

F2 litters (15-25 m ice) w ere screened in order to identify hom ozygotes.

H om ozygote F2 m ice w ere identified by Southern blotting and/or backcross analysis. For 

identification by Southern blotting, the sam e am ount (lOpig) o f  D N A  from  each m ouse  

w as used. D N A  from  h o m o zy g o tes , contain ing tw o co p ies o f  the transgene, w ould  

produce bands o f  double intensity com pared to D N A  from heterozygotes (Figure 3.7).

In backcross analysis, PCR p ositive F2 m ice w ere mated w ith w ildtypes (W t’s). Tail tip 

D N A  from the progeny produced w as then screened for the presence o f  the transgene by  

PCR analysis: S in ce one chrom osom e is inherited from  each parent, the progeny o f  a 

hom ozygous m ouse all inherit one copy o f  transgene, so are all PC R  positive. In contrast, 

only h a lf o f  the progeny o f  a heterozygote inherit the transgene (Figure 3 .10).

W t ^ V
Tr Tr

W t
T r/W t
progeny
no.l

T r/W t 
Progeny 
No. 2

W t T r/W t 
Progeny 
No. 3

T r/W t 
Progeny 
no. 4

X F 2
w t ^ X .

Tr Wt

Wt
T r/W t
progeny
no.l

W t/W t 
Progeny 
No. 2

Wt T r/W t 
Progeny 
No. 3

W t/W t 
Progeny 
no. 4

H O M O ZY G O TE F2 H ETERO ZY G O TE F2

Figure 3 .10  Identification o f  h om ozygotes by backcross analysis. In contrast to
heterozygotes, all the progeny o f  a hom ozygote inherit one copy o f  the 
transgene (so  are all PCR positive).
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3.1.4 Testing for transgene expression by RT-PCR.

In transgenic m ice, the transgene may or may not be expressed, and this depends on the 

area o f  the genom e in which it has integrated. M ouse lines that do not express are not 

useful for studying the in vivo  effects o f  a transgene. For this reason, before hom ozygous 

lines were made, mRNA transcript expression in each o f  the three lines was tested by RT- 

PCR, using PCR positive FI mice.

Total RNA was extracted from eight or nine tissue samples in each case (including skin, 

spleen, liver, brain, lung, kidney, intestine, fat and heart). To prevent DNA  

contamination, all RNA was DN ase digested before cD N A  was made. As control 

measures, PCR’s were performed on RNA as well as DNA  from each organ, and P-actin 

RT-PCRs carried out on each RNA sample.

Transgene expression could be detected in all three mouse lines, in all tissues tested and 

no bands were present in the negative control lanes (Figure 3.15). However, in the case 

o f  the lgH -O RF73-k-cyc-K 13 line, L T l, an mRNA containing all three transgene 

messages, could not be am plified, probably because o f  the large size o f  this transcript. 

Two separate parts o f  the transcript were therefore amplified by RT-PCR and detected.

637 bp

302 bp

H2K-K1 samples

K l RT-PCR

Actin
RT-PCR

1, 3, 5, 7, 9, 11, 13 and 15 - PCR on cDNA samples from various organs 
(skin, spleen, liver, brain, lung, kidney, intestine and fat respectively).
2, 4, 6, 8, 10, 12, 14and 16 - PCR on corresponding RNA samples.
17 - cDNA negative control, 18 - PCR negative control.
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H2K-k-cyc-K13 organ samples

839 bp -

302 bp

K-cyc and 
K13 (LT2) 
RT-PCR

Actin
RT-PCR

1, 3, 5, 7, 9, 11, 13, 15 and 17 - PCR on cDNA samples from various organs 
(skin, spleen, liver, brain, lung, kidney, intestine, fat and heart).
2, 4, 6, 8, 10, 12, 14, 16 and 18 - PCR on corresponding RNA samples.
19 - cDNA negative control, 20 - PCR negative control.

IgH-orf73-k-cyc-K13 organ samples

352 bp

839 bp—

302 bp —

LNA
RT-PCR

k-cyc/K 13
(LT2)
RT-PCR

Actin
RT-PCR

1, 3, 5, 7, 9, 11, 13, and 15 - PCR on cDNA samples from various organs (skin, 
spleen, liver, brain, lung, kidney, intestine and fat respectively).
2, 4, 6, 8, 10, 12, 14, and 16 - PCR on corresponding RNA samples.
17 - cDNA negative control, 18 - PCR negative control.

Figure 3.11 RT-PCRs to illustrate transgene expression. All organs were found to 
express the transegene.
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3.1.5 Testing for transgene expression using specific antibodies

In order to test whether the transgene mRNA transcripts detected in the RT-PCRs were 

translated, wherever possible, specific antibodies were used to detect protein products. 

Both immunocytochemistry and Western blot analysis were performed.

3.1.5.1 IMMUNOCYTOCHEMISTRY

The only relevant antibody so far available for immunocytochemistry analysis is the 

LNA53 antibody, which detects the LNA protein (Kellam et al, 1997). However, at the 

time Dr Wagener constructed the plgH-0RF73 -k-cyc-K 13, this was not available. A 

transfection experiment was therefore carried out in order to test the specificity of the 

plgH-ORF73-k-cyc-K 13 promoter (p.E), and to check that the LNA protein could be 

expressed from the plasmid. plgH-ORF73-k-cyc-K 13 and pH2K-k-cyc-K13 were 

transfected separately into DG75 cells, and also into 293 cells, and the LNA53 antibody 

used for immunocytochemistry analysis. BC-3 cells were used as a positive control. It 

was found that the LNA protein was expressed only in DG75 cells transfected with plgH- 

ORF73-k-cyc-K13, and was not present in any of the transfected 293 cells (data not 

shown). This confirms that, in vitro, protein expression from plgH-ORF73-k-cyc-K13 is 

limited to B cells (Figure 3.12).

Immunocytochemistry was also performed on blood and spleen cells extracted from mice 

containing the LNA transgene (the lgH-ORF73-k-cyc-K 13 line). Very faint nuclear 

fluorescence was observed, but unfortunately this was too subtle to photograph. The 

result suggests that LNA is expressed at a very low level in this line of mice.
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pH2K-k-cyc-K13

plgH-ORF73-K-cyc-K13

Figure 3.12 pIgH-ORF73-k-cyc-K 13 transfection experiment. LN A  protein was
expressed in DG75 cells transfected with pIgH -O R F73-k-cyc-K 13, but not 
DG75 cells transfected with pH 2K -k-cyc-K 13. The protein was not 
expressed in transfected 293 cells (data not shown). PIgH -O RF73-k-cyc- 
K13 expression was found to be limited to B cells.
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3.1.5.2 WESTERN BLOT ANALYSIS

LNA (LN53) and k-cyc monoclonal antibodies are currently available for Western blot 

analysis, and a K13 antibody is in the process of being made. The LN53 antibody was 

used in a Western blot experiment using protein extracted from heart, liver and spleen 

samples from a WT and an IgH-ORF73-k-cyc-K 13 line mouse. The membrane was cut 

horizontally in two. The top part (containing the higher molecular weight proteins) was 

incubated with the LN53 antibody, and the lower part incubated with an antibody that 

recognises E2F-1. The E2F-1 antibody was used as an internal control, to check for 

equal loading of protein in each lane, and to analyse the samples for possible protein 

degradation during handling.

It was found that comparable E2F-1 protein levels were present in all sample lanes (figure

3.13), suggesting that equal concentrations of total, non-degraded protein had been loaded 

in each lane. In contrast, LNA protein was only detected in the three samples taken from 

the transgenic mouse (heart, liver and spleen). Interestingly, the doublet was found to be 

barely visible in the heart and spleen samples, but was much more prominent in the liver 

sample. This implies that LNA may be expressed at higher levels in the liver (Figure

3.13).

The E2F-1 antibody used was found to hybridise to proteins of higher molecular weights 

than that of E2F-1 (above 46 Kda, figure 3.13). This result was reproducible. The 

manufacturers (Transduction laboratories) advise that it recognises aa’s 177 to 367 of the 

E2F-1 protein, and that it has not been tested for cross reactivity with other members of 

the E2F family. The antibody may therefore recognise other E2F’s, such as E2F-2 

(53KDa), or E2F-4 (60Kda). In contrast to E2F-1 itself, the non-E2F-l proteins 

recognised by the antibody used seem to be upregulated in the transgenic mouse samples. 

This suggests that one of the transgene products may either directly or indirectly act as a 

transcriptional activator.
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A W estern blot was also performed using the k -cyc antibody. Background non-specific  

levels o f  hybridisation were high in the liver sam ples, and the results are therefore 

inconclusive. H owever, in the spleen samples, a band o f  the correct size is clearly present 

in the H 2K -k-cyc-K 13 m ouse lane, and perhaps a fainter band is present in the IgH- 

O R P73-k-cyc-K 13 lane. This suggests that k-cyc may be expressed in both lines o f  mice 

(Figure 3 .13-3 .14).

/ / /  / / /
tr

:  s s

# :

LNA doublet (210kDa)

 ̂ Higher molecular weight
#  V P  ' (E2F?) proteins

E2F-1 (46kDa)

Figure 3.13 Western blots to detect E2F-1 and LNA proteins. LN A  was only 
found to be expressed in the transgenic m ice, whereas E2F-1 was 
expressed in Wt and transgenic m ice. The non-E 2F-l proteins 
recognised by the E2F-1 antibody used seem  to be upregulated in 
the transgenic mouse samples.
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K-cyc (24kDa)

Figure 3.14 Western blot to detect k-cyc protein. In the spleen samples, a 
band o f  the correct size is clearly present in the H 2K -k-cyc- 
K13 m ouse lane, and perhaps a fainter band is present in the 
IgH -O RF73-k-cyc-K 13 lane. This suggests that k-cyc may 
be expressed in both lines o f  mice.
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3.2 The transcriptional regulatory properties of LNA

As detailed above, in Western blot experiments it was found that one of the transgene 

protein products of IgH-ORF73-k-cyc-K13 may either directly or indirectly affect 

transcription. LNA is the most obvious candidate, since it has a leucine zipper structure 

and other features which indicate that it may function as a transcription factor. Therefore, 

the ability of this protein to modulate transcription was investigated using transient 

transfection experiments. A specific LNA DNA binding sequence has not yet been 

described. For this reason, a vector encoding LNA fused to the DNA binding domain 

(DBD) of GAL4 was created (pGAL4-ORF73 aa 2-1162). GAL4 is a yeast gene 

activator protein, and its DBD is commonly used to make chimeric proteins, to test for 

transcription activity. The GAL4 DBD portion of the chimeric protein brings it into close 

proximity to DNA (normally a reporter plasmid), so that any activation or repression 

properties of the other portion (LNA, in this case) can be observed.

3.2.1 Cloning ORF 73 into a Gal4 effector plasmid

In order to clone the pGAL4-orf73 aa 2-1162, pGAL4 aa 1-147 (Bain et a l, 1996) and 

pIgH-ORF73-k-cyc-K13 were used. The pGAL4 aa 1-147 was digested with Xbal, then 

the Klenow enzyme was used to form a blunt end with a +2 overhang. The vector was 

treated with CIP. In order to excise the orf73 fragment, pIgH-orf73-k-cyc-K13 was 

digested with SfoL This gave rise to a blunt ended fragment containing a +1 overhang. 

When this was ligated to the treated pGAL4 aa 1-147, the reading frame was restored 

(Figure 3.15). Colonies were screened by PGR analysis and positive clones verified by 

digestion and transfection and followed by Western blot analysis and/or 

immunocytochemistry.
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pGAL4 aa 1-147:

• T Ç J  A G A  ^  - j-  Klenow ..TCT AG

,AGA tC T ..  ,_AGA TC -A G A  TO

+2 .{.2

pIgH-orf73-k-cyc-K13:

■ATG GCis CO.. G CO.
TAG CGG GG.. - ►  0  GG
I 1 I 1 I 1 —1 L

+ 1

pG A L 4-orf73  aa 2 -1162:

..TCT AG G CO.. Ligaiion ..TCT AG G CC.

..AGA TC + C GG.. ~ ► ..AGA TCC GG

I I u _  ^  I 1 ' ' '---------' '---------1
+2

Figure 3.15 pG A L 4-0R F  73 cloning strategy.

101



3.2.2 Transient transfection studies

Various different concentrations (from 0-6|Lig) o f  effector plasm id (pGAL4-ORF73 aa 2- 

1162) were cotransfected into DG75 cells together with 5pg o f  the reporter plasmid  

pU A SC A T  (W atson et a i ,  1993). Input concentrations in all experim ents were kept 

constant with the use o f  an empty pGAL4. CAT activity was measured using the non

chrom atographic CAT assay method and the experim ent carried out in triplicate and 

repeated three tim es. It w as found that C AT activ ity  reduced with increased  

concentration o f  effector plasmid (Figure 3.16). Similar results were obtained in 293s 

cells (data not shown). This suggests that when tethered to D N A , LN A is a repressor o f  

transcription o f  certain promoters.

.25

Relative

0  7 5 -activity

0.5 -

0.25 -

0 0.5 3 6
Mg GAL4-orf 73

Figure 3.16 Repression o f  transcription by LNA. CAT activity reduces with increased 
concentration o f  effector plasmid.
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The P-galactosidase (p-gal) gene is routinely included in transient transfection studies, as 

an internal control for transfection efficiency. In initial experiments, a construct 

containing the P-gal gene driven by the Cytomegalovirus immediate early promoter 

(CMV IE) was included. However, it was found that the presence of pGAL4-ORF73 led 

to upregulation of the p-gal gene, and for this reason, it was not used in further 

experiments. However, this finding suggests that LNA may be able to alter transcription 

of genes of other non-KSHV viruses.

3.3 Analysis of transgenic mice

Much of the analysis of the three lines of transgenic mice generated remains to be carried 

out. This work should be performed using samples taken from the recently generated 

lines of homozygotes, since these will express the transgenes at higher levels than the 

heterozygotes.

3.3.1 FACS analysis

FACS analysis was carried out on blood, bone marrow, spleen and thymus samples from 

H2K-K1 homozygote mice and WT mice of a similar age. All experiments were repeated 

three times. It was found that CD4/CD8 ratios, CD 19, CD22, CD40 and CD69 levels 

were not significantly different (data not shown).

Western blot results indicated that LNA protein expression appears to be higher in liver 

than heart or spleen tissues. For this reason, FACS analysis of cell surface markers was 

carried out on liver cells taken from IgH-ORF73-k-cyc-K13 mice, to test whether the 

presence of LNA gave rise to an altered expression of the markers. WT and H2K-k-cyc- 

K13 mice liver cells were used as controls.
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It was found that C D4/C D 8 ratios, and CD 19, C D 22, C D 40 and C D 69 levels were the 

same in all three types o f  m ouse liver eells tested. H owever, although LNA is expressed  

at very low levels here, CD95 (Fas) was found to be slightly downregulated in the IgH- 

O RF73-k-cyc-K 13 miee (Figure 3.17).

1 0 ^  1 0 '  1 0 ^  l O ' ^  1 0 ^
FL1-H

(Dark grey = WT mouse, —=H2K-k-cyc-K13 mouse, light grey =IgH-orf73-k-cyc-K13 mouse).

Figure 3.17 FACS analysis on Liver cells using a CD95 (Fas) antibody. CD95 is 
slightly downregulated in the lgH -orf73-k-cyc-K 13 m ouse liver sample 
compared to the other two samples.
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4. DISCUSSION AND RECOMMENDATIONS

As detailed in the results section, three homozygote lines of transgenic mice (H2K-K1, 

H2K-k-cyc-K13 and IgH-ORP73-k-cyc-K13) have been generated. RT-PCR analysis 

suggests that in all organs tested, all lines express mRNA from the transgenes. Since 

H2K is an ubiquitously expressing promoter (Woodroofe et aL, 1992), this result was 

expected in the H2K-K1 and H2K-k-cyc-K13 lines. However, the IgH promoter targets 

transgene expression to B cells (McDougal et al., 1989). The presence of the transgene 

transcripts in all tissues tested in the IgH-0RF73 -k-cyc-K 13 mice therefore either 

represents infiltrating B cells in these organs, or suggests that the IgH promoter is “leaky” 

(the transgene is expressed in cells other than B cells). Results of the in vitro test 

transfection of the IgH-0RF73 -k-cyc-K 13 plasmid, which showed that LNA was only 

expressed from this construct in B cells (DG75 cells) and not in embryonic kidney cells 

(293 cells), suggests that the former explanation is most likely.

To confirm the RT-PCR results and to study mRNA splicing patterns Northern blot 

analysis should be carried out. A K1 probe should be used to detect transgene transcripts 

in the H2K-K1 mice. Since k-cyc is present on both LTl and LT2 mRNA transcripts in 

PEL cell lines, a k-cyc probe would be the best choice for both the H2K-k-cyc-K13 and 

IgH-ORF73-k-cyc-K 13 sample blots.

Western blot analysis indicates that k-cyc protein is expressed in the H2K-k-cyc-K13 and 

JgH-ORF73-k-cyc-K13 mouse lines, and that LNA protein is expressed in the IgH- 

ORF73-k-cyc-K 13 mice. Interestingly, LNA forms a doublet on Western blots (Kellam 

et a l, 1997), and this doublet was also found to be present when the transgenic mouse 

samples were tested. The higher molecular weight band may represent a phosphorylated 

form of LNA, alternatively, the lower molecular weight band may be a degradation 

product.
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Immunocytochemistry analysis on blood and spleen cells from the IgH-ORF73-k-cyc- 

K13 mice shows that LNA expression levels are low. In immunocytochemistry analysis, 

fluoreseence is observed in each cell separately, by microscopy. However, in FACS, the 

fluorescenee of thousands eells can be observed, and as a result low protein expression 

levels ean be observed more easily.

Therefore, to investigate the expression levels of LNA in the IgH-ORF'73-k-eyc-Kl 3 line 

in more detail, FACS (using LN53 and a FITC conjugated anti-rat seeondary antibody) 

should be performed on eells taken from these miee and results eompared with those 

from WT mouse cells. BC-3 cells may be used as a positive eontrol because LNA is 

expressed at high levels in these eells during lateney. FACS using the k-eyc antibody 

should also be performed.

K1 and KI3 antibodies are not yet available, however, a K13 antibody is in the proeess of 

being made (Low and Collins, UCL, unpublished data), and when available, should be 

used to test whether the two lines expressing the 0RF71 transgene also express the KI3 

encoded protein. Current evidence suggests that the k-FLIP protein is expressed from 

LT2 (a bieistronic message eneoding k-eyclin and k-FLIP) and that this expression is 

directed by an internal ribosome entry site (1RES) (Talbot, data presented at the 3"̂  ̂

International Workshop on KSHV and related agents, 2000). For this reason, k-FLIP is 

expeeted to be expressed in the H2K-k-cye-K13 mouse line, which contains DNA 

encoding the LT2 transcript.

E2F-1 Western blot results, which indicate that LNA may upregulate certain E2F 

transcription factors, and data from an in vitro transient transfeetion assay in which LNA 

was found to repress transeription when tethered to DNA, suggest that LNA may act as a 

transcriptional regulator. It may upregulate or downregulate viral and cellular proteins, 

depending on their promoters. In support of this, LNA has been found to transactivate 

Lac Z  expression in Gal4 fusion construets (Wiezorek, Sarid, Moore and Chang, 

unpublished observations, 1998).
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In addition, the protein is able to bind to pRb (a repressor of transcription when not 

phosphorylated), and specifically binds to the hypophosphorylated form (Radkov et al., 

in press).

LNA may therefore affect transcription in a variety of different ways: Since k-cyc is 

known to phosphorylate pRb, and therefore prevent it from binding to and inhibiting the 

E2F transcription factors, LNA may act to ‘mop-up’ any remaining unphosphorylated 

pRb, and inhibit its function in this way. This protein may also lead to the transcriptional 

activation of some members of the E2F family, as well as other proteins involved in 

cellular proliferation, and perhaps also certain viral proteins. In addition, LNA may also 

upregulate expression from its own promoter. Further in vitro transfection studies as well 

as in depth analysis of the IgH-ORF73-k-cyc-K 13 mice should be carried out in order to 

test these ideas.

LNA may lead to the downregulation of certain cellular proteins involved in cell cycle 

arrest and the host immune responses. FACS analysis on liver cells taken from IgH- 

ORF73-k-cyc-K13 mice suggests that the presence of LNA leads to the downregulation 

of CD95 (Fas receptor), which is involved in the Fas apoptosis pathway. vFLIP also 

inhibits this pathway, at a downstream stage (figure 1.5).

LNA has also been shown to interact with the tumour suppressor protein p53, represses 

its transcriptional activity, and in doing so, it inhibits p53 mediated apoptosis (Friborg et 

al., 1999). These data, taken together, suggest that as well as being present on a 

tricistronic transcript in vivo, ORFs 71, 72 and 73 are also functionally linked (figure 

4.1).
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Figure 4.1 k-cyc, k-FLIP and LNA are functionally linked (adapted from Sarid et a i ,
1999). K -cyc and LNA may both prevent Rb-E2F binding, while LNA and k- 
FLIP may be involved in apoptosis inhibition.
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As described above, it was found that the microinjection process was very inefficient. 

Despite this, at least one PCR positive founder mouse was obtained for each of the three 

constructs. Interestingly, although 404 eggs were injected with a fourth construct, 

containing the k-cyc gene alone (H2K-k-eyc), no founders were produced (see 

Appendix).

This may have been due to chance, or may be because at certain levels, the k-cyc 

transgene alone is lethal. In support of this idea, it was recently shown that expression of 

k-cyc in cells containing high levels of cdk6 led to apoptotic cell death after the cells 

entered S phase (Ojala et al, 1999). In addition, KSHV-encoded BCL-2 was found to be 

able to efficiently suppress k-cyc/cdk6 induced apoptosis. LNA and/or k-FLIP may also 

be able to prevent this apoptosis, and this may explain why transgenic mice containing k- 

cyc as well as one or both of these genes could be made. To study the roles of these 

proteins in apoptosis, cells taken from the H2K-k-cyc-K13 and the IgH-ORF73-k-cyc- 

K13 lines could be used in assays to test for resistance to apoptosis.

The function of the K1 protein is not yet clear, although evidence suggests that it is a 

constitutively active receptor, and its signal transduction properties are specific to B cells 

(Lagunoff et al, 1999). The Kl protein may therefore be expressed in all cells in the 

H2K-K1 mouse line, but may only be functional in B cells. However, FACS analysis 

indicates that the CD4/ CDS ratio, and CD 19, CD22, CD40 and CD69 levels in the blood, 

spleen, thymus and bone marrow of homozygote H2K-K1 mice were not significantly 

different from WT mice.

This may be because either K1 is expressed at a low level in these mice, or levels of these 

cell surface markers are not altered by Kl. Furthermore, the effects of K1 in B cells may 

have been diluted by the presence of other cell types in the samples. To overcome this, B 

cells from these mice should be purified by culture or other selection methods, before 

gene expression microarray (GEM) and further cell surface marker FACS is carried out.
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GEM analysis should indicate which cellular mRNA’s are upregulated or downregulated 

in the H2K-K1 mice, and this will help to elucidate the pathway(s) in which the Kl 

protein is involved. FACS analysis can be used to test whether Kl expression is 

associated with mature and/or activated B cells.

In contrast to this study, another group presented data showing that 30% of their K2K-K1 

mice developed lymphomas in the spleen, kidneys and lymph nodes at less than 10 

months of age (Bok-Soo et al, data presented at the 3*̂  ̂International Workshop on KSHV 

and related agents, 2000). Transgene expression may be too low for phenotype 

development in the H2K-K1 mice described in this study or perhaps the Kl mRNA 

transcripts detected by RT-PCR are not being translated. In addition, phenotype 

development may depend on the strain of mouse used and its susceptibility to tumour 

formation. (Bok-Soo et al. may not have used the FVB/N strain, they did not specify 

which strain was used). Transgene integration site may also play a part, and for this 

reason, several independent lines of H2K-K1 mice should have ideally been generated.

In this study, no obvious phenotype is yet evident in any of the transgenic mouse line 

homozygotes after 1 year. Several explanations may be put forward in order to account 

for this: Transgene expression may be lower than a threshold level needed for phenotype 

development, a phenotype may only develop in very old age, or the transgenes may alone 

be insufficient for phenotype development. LNA tumourigenesis, for example, may be 

subtler than tumourigenesis produced by other related viral oncogenes such as human 

papillomavirus E6 and E7. This would be consistent with disease pathogenesis. All mice 

are being kept for further analysis.
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APPENDIX A 

Cotton Topped Tamarin Study 

ABSTRACT
At least five species of New World primates appear to be infectable with EBV, the 

closest human tropic gammaherpesevirus to KSHV, and of these, the cotton-topped 

tamarin {Sagunus oedipus) is the most susceptible. A study was carried out in order to 

determine whether the cotton-topped tamarin (CTT) is susceptible to KSHV infection. 

This involved the experimental injection of four CTT’s with viral stock derived from 

chemically induced BC-3 cells. No phenotype developed after 6 months post injection, at 

which time the animals were sacrificed.

DNA extracted from organ samples was used in PCR and limit dilution analysis. The 

results revealed that high viral loads were found in seven of the twelve PCR positive CTT 

organ samples. Despite this, RT-PCR analysis performed on RNA extracted from the 

same organ samples failed to detect the presence of either latent or lytic viral transcripts. 

This suggests that abortive infection had occurred, and therefore that the cotton-topped 

tamarin is not a suitable model for KSHV infection.

METHODS
Synthetic Oligonucleotides used are described on page 54. PCRs and RT-PCRs were 

carried out as described on pages 66 and 67.
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RESULTS

Inoculation of Cotton Top Tamarins with KSHV

Two female and two male mature, purpose bred, cotton-topped tamarins were used for 

the investigation. For the duration of the study they were housed at the Biomedical 

Primate Research Centre (BPRC), in the Netherlands. They were in good health and 

seronegative for KSHV and related viruses such as EBV at day 0 of the experiment.

All four animals were infected with KSHV by intravenous injection of a virus stock 

derived from TP A induced BC-3 cells; 1.9 x 10̂  viral particles were administered to each 

animal in RPMI with PCS. No tumours developed after 6 months, the maximum agreed 

time length of the experiment. The animals were nevertheless sacrificed, and a complete 

necropsy was carried out. Organ samples were taken, stored at -70^C for subsequent 

DNA and RNA extraction and preserved in formalin for immunocytochemistry analysis.

PCR optimisation and analysis

DNA was extracted from a total of 42 organ samples by Dr Nicolas Dupin and Dr Jackie 

Reeves. They then carried out some initial PCR analysis on a few of the samples. 

Primers designed to anneal to ORFs 25 and 26 of KSHV, and Taq polymerase were used. 

Unfortunately, spurious results (such as smearing appearing in some of the agarose gel 

lanes) were found to be a problem.

To avoid confusion, I carried out optimisation of the PCR’s using a different set of 

primers, designed to anneal to KSHV’s K1 gene. This work was performed “blind”, the 

results of the PCR’s carried out by Dr Dupin and Dr Reeves were not known. 

Contaminants in the DNA samples may have led to inhibition of the PCR reactions, 

causing the smearing patterns. For this reason, an initial PCR was carried out using 

Turbo PFU polymerase. The manufacturers claim that this enzyme is able to function in 

‘less clean’ conditions when compared to Taq polymerase.
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Bands were seen in some of the gel lanes, but unfortunately some smearing still occurred. 

For this reason full optimisation of the PCR’s was necessary. The optimised first round 

PCR’s contained both Taq and Pwo DNA polymerases as well as carrageenen, a 

compound which ‘mops up’ contaminating substances in the DNA solution. The nested 

(second round) PCR’s contained only Taq polymerase.

Since excessive amounts of DNA template are known to inhibit PCR reactions, DNA 

concentrations in each of the samples were measured, so that roughly 500ng of extracted 

DNA could be added to each first round PCR. PCR analysis was then performed on 

DNA extracted from all 42 organ samples, 12 of these were found to be positive (Figure 

3.2).

Quantification of viral load

To quantify the viral load in each PCR positive DNA sample, limit dilution PCR analysis 

was performed (Simmonds et al., 1990). This involved serial dilution of template DNA 

in PCR master mix (MM), and four replicate tubes were created per dilution (Figure Al). 

Nested PCRs were carried out by adding 2pi completed first round reaction to a fresh 

master mix, containing nested primers.

Products of completed nested PCR reactions were resolved by electrophoresis, and viral 

load was assessed from the banding patterns observed: For a sample containing a high 

viral load, all four replicates of the lower dilutions are PCR positive. However, at the 

dilution at which only a few copies of the viral genome remain, some of the replicates 

(normally containing only one copy of the viral gene of interest each) are PCR positive, 

whereas others are negative. At higher dilutions, all reactions are PCR negative. If a 

known concentration of total DNA is added to the dilution series, copies of virus per pg 

total DNA can be calculated (See Figure A3).

133



100[il
MM

D N A  (111)

mix we

mix we

mix we
mix well

mix well

DILUTION

1/50

1/250 (x4)

1/1250 (x4)

80[il
MM

mix well

80|li1
MM

— O  "

14 15 16
w V7 W

Etc.

Figure Al Limit dilution PCR analysis. This involves the serial dilution of a known 
concentration of total DNA in PCR master mix (MM). Four replicate tubes 
are made at each dilution. Nested PCR’s are carried out, and PCR products 
are resolved by gel electrophoresis. The viral load is assessed using the 
banding pattern observed.
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When limit dilutions were first carried out, results obtained appeared to be inconclusive: 

Some sets of four lower dilutions were all PCR negative, while some of the higher 

dilution replicates were positive. This was probably due to the non-homogenous DNA 

solutions, i.e. “clumping together”.

It was overcome by performing restriction digests on the DNA samples, with Not I  and 

Mlu I  enzymes (these sites are not present in the K1 gene). Limit dilutions were carried 

out blindly, on all 12 PCR positive DNA samples, and high viral loads were found to be 

present in DNA from 7 organ samples (Figures A2 and A3).

COPIES OF VIRUS PER gg  TOTAL DNA

TISSUE TYPE M ale 1 M ale 2 Female 1 Female 2

Lymph node (Ax) > 15,625 72

Lymph node (Ing) 31,250
Lymph Node (Mes) 19,231
Spleen 41,632 3.2

Thymus
Liver 9 35,714 62,500
Lung

Brain 11

Colon

Skin 13 > 125,000

Ovary N/A N/A
Prostate N/A N/A

Figure A2 Limit dilution analysis results. High viral loads were found to be present in 
seven of the organ samples.
Ax: axillary, Ing: Inguinal, Mes: Mesenteric.
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Dilution; 
r

1/250 1/1250 1/6250
1 I- - - - - - - - - - - - - 1 r

637 bp

J L

1/31250 1/156250

J L

1/781250

J L

1/3906250

To calculate copies of virus per pg total DNA:

Estim ate 1: At 1/156250 dilution, 2/4 tubes were PCR negative.

Mean copy number per tube = negative natural log x freq. negative tubes (0.5)

= 0.693

Copies per unit start volume = 0.693 x dilution (156250)

= 108304 copies per4|^g.

Estim ate 2: At 1/781250 dilution, 3/4 tubes were PCR negative.

Mean copy number per tube = negative natural log x freq. negative tubes (0.75)

= 0.288

Copies per unit start volume = 0.288 x dilution (781250)

= 224752 copies per4pg.

Mean o f  the two estimates =  166528 copies per 4 pg.

Copies o f  virus per p g  total D N A  =  166528 / 4

= 41632.

Figgre A3 Limit dilution analysis on Male 2 spleen D N A  sample

136



3.1.1 RT-PCR analysis

Since high viral loads were found to be present in over half o f  the PCR positive D N A  

samples tested, RT-PCR analysis was performed on RNA extracted from the 

corresponding organ sam ples to test for viral replication. Four sets o f  nested primers 

were used. Two were designed to anneal to latent genes (LN A  and k-cyc), and two to 

lytic genes (K1 and ORF 29). RT-PCR’s were carried out on the 7 samples with high 

viral loads, and on two o f  the samples with lower viral loads. (3-actin RT-PCRs were 

carried out as positive controls. Both the latent and lytic RT-PCRs were found to be 

negative (see Figure 3.4 for an example).

194 bp

k-cyc RT-PCR on 9 samples

302 bp

Actin RT-PCR on 9 samples

1, 3, 5, 7, 9, 11, 13, 15 and 17 - PCR on cDNA samples. 2, 4, 6, 8, 10, 12, 14, 16 and 18 - PCR on RNA samples
19 - cDNA negative control, 20 - PCR negative control, 21 - positive control.

Figure A4 RT-PCR analysis on 9 PCR positive organ samples. 
None o f  the samples contain k-cyc RNA.
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The sensitivity of RT-PCR analysis was investigated by performing a limit dilution 

experiment on one of the p-actin RT-PCRs. Bands were present at low dilutions, 

suggesting that the latent and lytic RT-PCRs were not negative as a result of low 

sensitivities. Instead, it is likely that viral replication had not occurred.

DISCUSSION AND RECOMMENDATIONS
The CTT’s in this study all remained healthy, suggesting that KSHV does not cause 

disease in these animals. In contrast, several studies have shown that EBV is able to 

infect CTT’s, and can cause disease. In each of two independent studies, roughly one 

third (2 out of 6, and 6 out of 20, respectively) CTT’s developed fatal 

lymphoproliferative disease or diffuse malignant lymphoma after inoculation with EBV 

(Johnson et al., 1983, Miller et al, 1977).

Viral RNA transcripts can be detected in EBV infected CTT’s (Farrell et al, 1997; 

Niedobitek et a l, 1994; Young et al, 1989). However, although high viral loads were 

found to be present in seven of the twelve PCR positive CTT organ samples in this study, 

RT-PCRs for both the latent and lytic viral mRNA’s were negative.

Given that the RT-PCR assay method was highly limit dilution successful (as determined 

by the P-actin experiments which showed the presence of large amounts of mRNA) it is 

unlikely that the failure to detect viral transcription was due to a technical problem with 

the RT-PCR. This suggests that little, if any, viral replication took place, and that 

perhaps abortive infection had occurred. The viral DNA detected probably originates 

from the virus stock used to infect the animals, and is not progeny virus.

It is not known why the viral DNA had not been cleared 6 months after inoculation. 

Experimental evidence shows that foreign DNA only survives transiently in a host 

animal.
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For example, it has been found to survive for 6-8 hours in the bloodstream of mice, and 

in spleen and liver, up to 24 hours, but not later (Schubbert et al., 1994; Schubbert et al, 

1997). However, it must be noted that this is naked DNA, whereas the viral DNA 

detected in this study was probably in the from virions.

The pattern of PCR positive CTT organs in this study is perhaps interesting, especially 

with regard to the high viral loads present in two of the liver samples. These data suggest 

that KSHV may be able to enter hepatocytes. In support of this, it has been found that the 

hepatoma cell line HepG2 is ‘semi-permissive’ for KSHV infection, in that it supports the 

entry of the virus. However, the viral genome is lost in serial passage, and replication 

could not be induced by chemical stimuli, suggesting that replication was abortive 

(Elzinger et al., UCL PhD thesis and unpublished data).

These data suggest that hepatocytes may express the surface receptor(s) necessary for 

KSHV entry and that KSHV may infect liver cells in vivo. The story is similar for EBV: 

HepG2 cells are also permissive for EBV (Imai et al., 1998), and this virus has been 

associated with liver disease during infectious mononucleosis and in patients with post

transplant lymphoproliferative disorders (Markin et al., 1994). However, one group 

studied 30 primary benign and vascular tumours of the liver, but could not detect KSHV 

sequences in any (Ishak et al., 1998). This suggests that perhaps KSHV is not a common 

cause of liver disease.

Unfortunately no negative or positive controls was used in this study. Ideally, one female 

and one male CTT should have been injected with RPMI and ECS only as negative 

controls, and one male and one female should have been injected with EBV as positive 

controls. All animals should have then been kept in the same conditions.
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APPENDIX B

Injection Sessions 1 to 5.

SESSION No. No.
DONORS EGGS

INJECTED IMPLANTED TRANSGENIC / BORN

11 220 K1 :74

K13 :75

26

26

0 / 0

0 / 0

142 K1 :98 80 0 / 0
0 / 0  
Female died 

0 / 2

14 180 K13 : 106 116 0 / 0
0 / 0
0 /3
0 / 0
0 / 0
0 / 0

14 165 K1 :75 70 0 / 6
1 /7  (Fo ‘J ’) 

0 /7

20 305 K13 : 105 90 0 / 0
0 / 6
0 / 6

K-cyc: 87 65 0 / 0
0 / 0
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Injection Sessions 6 to 11.

SESSION No. No. INJECTED IM PLANTED TRANSGENIC / BORN
DONORS EGGS

6 14 207 K13 : 127 107 0 / 12

7 36 774 IgH : 196 118 0 / 14

K-cyc :215 75 0 /0

8 15 280 IgH : 200 120 1 /  1 5 ( F o2L2R)

9 23 417 IgH : 180 80 0 / 14

k-cyc ; 102 50 0 /8

10 14 256 K13 :200 120 4 / 20 (f . m ,4,i 9)

11 15 170 K13 :160 109 0 /6
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Solutions and Buffers

5x Agarose gel loading buffer 20% (W/V) Ficoll, 0.01% (W/V) Orange G. 

Total volume 20ml, made up with ddH20. 

Stored at 4°C

Ampiciliin stock solution lOOmg/ml dissolved in ddH20. 

Stored at -20°C.

APS 10% (W/V) dissolved in ddH20. 

Stored at -20°C.

2M CaClz 2M CaCl 2 dissolved in ddH20 

Stored at -20°C.

a-^^P-dCTP Aqueous solution. 370Mbq/ml. 

Stored at -20^C.

Dénaturation Buffer 1.5M NaCl 

0.5M NaOH 

Stored at RT.

Ethidium Bromide

Gel Stain solution

5mg/ml Et. Br dissolved in ddH20. 

Container wrapped in silver foil. 

Stored at RT.

20% (V/V) Ethanol 

10% (V/V) Acetic acid 

0.1% (W/V) PAGE Blue G90 

Stored at RT.
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2x HBS buffer 1.5mM Na2HP0 4  

12mM Dextrose 

280mM NaCl 

lOmM KCl 

50mM Hepes

Adjust to pH 7.0 - pH 7.05 

Filter sterilised and stored at -20°C.

LB broth 5gNaCl 

5 g Tryptone 

2.5g Yeast Extract 

Dissolved in 500ml ddH20 

Autoclaved and stored at 4°C

LB Agar As LB broth, with 5g agarose.

Poured into plates after autoclaved, and before set.

Neutralising Buffer IM Tris 

1.5M NaCl

Adjust to pH 8.0 with HCl and stored at RT.

ONPG 4mg/ml ONPG dissolved in Ix Z-buffer

Filter sterilised

Stored in aliquots at -20°C.

PBS 12.5mMNaCl

2mM Na2HP0 4

ImM NaH2P0 4

Adjusted to pH 7.2

Sterilised and stored at RT or 4°C

Prehybridisation buffer ImM EDTA 

0.5MNaHPO4 pH 7.2 

7% SDS
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Lysis Buffer 50mM Tris (pH8.0) 

150mMNaCl 

2mM PMSF 

0.5% Triton X-100 

0.2% NP-40 

10% glycerol

Made up freshly with ddH20.

SDS-Protein sample buffer lOOmM Tris-HCL (pH 6.8) 

20% (v/v) Glycerol 

143 mM 2-ME 

1% (w/v) SDS 

0.025% BPB 

Stored at RT

lOx PAGE Running Buffer 250mM Tris base 

1.92M Glycine 

1% (w/v) SDS 

Stored at RT.

Red cell lysis buffer O.I4 4 M N H 4 CI 

IM NaHCO]

Dissolved in ddH20 and stored at RT.

10% SDS 10% (w/v) SDS dissolved in ddH20 

Stored at RT.

50x TAE 242g Tris Base 

57.1ml glacial acetic acid 

100ml 0.5M EDTA (pH8.0) 

Made up to IL in ddH20
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IM Tris-HCL 60,55g Tris dissolved in ddH20 

Adjusted to pH 8.8, 8.0, 7.5 or 6.8 with HCL 

Stored at RT.

lOx Western transfer buffer 250mM Tris 

1.92M Glycine

Diluted in ddHiO, and stored at RT.

Ix Western transfer buffer For 3L: 300ml lOx transfer buffer 

700ml EtOH 

2L ddHzO 

Chilled on ice.

lOx Z-buffer 600mM Na2HP0 4  

400mM NaH2P0 4  

lOOmM KCl 

lOmM MgS0 4  

500mM 2-ME

pH adjusted to 7.0 using HCL

Filter sterilised and stored in aliquots at -20°C.
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