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Abstract

Abstract

Retroviruses have been closely associated with cancer and leukaemia since their first
discovery in the beginning o f the 20th century. Many retroviruses both endogenous
and exogenous have a direct causal role in leukaemia in many animal species.
However in humans the only retrovirus that has been shown to cause leukaemia to
date is HTLV-I with ATL. ATL generally affects those people within HTLV-I
endemic areas in particular Japan, sub-Saharan Africa and the Caribbean basin. ATL
cases in Europeans and Caucasians in general are very rare. In this thesis the HTLV-I
sequence was isolated from a Greek Caucasian patient with ATL. The virus was
subtyped and shown to novel and o f the Cosmopolitan type A, the most
internationally found subtype, known as the transcontinental variant. This data
highlights the potential for further spread o f this pathogenic virus into Western
Europe and illustrates that ethnicity is not a barrier to ATL. This thesis supports the
expansion o f a screening programme throughout Europe including the UK.

Around 10% o f the human genome is composed of sequences resulting of
retrotransposition. One of the main sources of this RT activity is Human Endogenous
Retrovirus-like sequences (HERV). This thesis details the isolation and
characterisation o f two novel HERV sequences. Their phylogeny is also considered
with one HERV clustering within the HERV-I family and the second clustering in the
HERV-XA family. A low copy number was estimate for both elements. PAC-FISH
revealed their chromosomal locations and the relevance o f these regions is discussed.
Expression o f both elements was analysed by RT-PCR using primers directed toward
putative ORFs. This analysis revealed an expressed portion o f the XA related
element, spanning 880bp, in PBMC. This expression was analysed in 10 leukaemia
cases and was illustrated to be higher in some AML cases. This data illustrates that
even highly disrupted HERV have some coding potential and supports a possible role
in leukaemogenesis for HERV in general.
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General Introduction

Chapter 1

Chapter 1 : General Introduction
This thesis focuses on human retroviruses and their involvement in
cancer, with particular reference to leukaemia. Hence an
introduction to retroviruses and their long association with this
disease is presented.

1.1

Retroviruses and Cancer
Environmental mutagens can contribute to the development o f cancer; these

mutagens include radiation chemicals and viruses. Retroviruses may play a key role
in one or more o f the stages in the multistep process of carcinogenesis, either as a
direct mutagen, or by more subtle indirect means.
Avian and mammalian type C retroviruses have been shown to cause cancer in
their natural hosts. The study o f these animal retroviruses has contributed to the
understanding o f the genetic basis of human leukaemia and lymphoma.
Since it has been shown that adult T-cell leukaemia is caused by HTLV-I a
blood screening test has been developed to prevent the viruses spread through blood
transfusions. HIV-1 and 2 are also screened for to prevent their spread by the same
mechanism. The possibility o f discovering more retroviral involvement in human
disease should not be discounted.

In birds, cats and rodents type C retroviruses have a direct causal role in
leukaemia. In contrast, with the exception of HTLV-I, there is little evidence yet that
the retroviruses are involved in the development of other human malignancies.
Retroviral involvement may be direct or indirect. If acting directly a viral gene
product or viral control sequence acts from within the tumour cell causing cell
proliferation. If acting indirectly viral gene products or control sequences alter cells
other than the tumour cell causing an indirect effect on the target cell, e.g. immune
system modifications.

Some retroviruses have an integrated cDNA copy o f a cellular proto-oncogene.
These viruses are invariably replication deficient due to this insertion and
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corresponding deletion o f a portion of the retroviral genome. These retroviruses
therefore require a second virus before they can undergo an infectious life cycle. The
prototype cancer causing retrovirus studied was Rous Sarcoma Virus (RSV), isolated
by Peyton Rous from chicken (Rous 1911), RSV causes soft tissue sarcomas quickly
in birds and is an acute transforming virus. It is formed by a recombination between
Avian Leukosis Virus (ALV) and the host genome (Stehelin et al. 1976) involving
src-a. mutant form o f a cellular proto-oncogene. Now more than 20 host cell genes
have been isolated from acutely transforming viruses. All o f these are viral forms of
cellular proto-oncogenes e.g. myc from avian myelocytomatosis virus (Coffin et al.
1981). Although there are no known acutely transforming viruses that affect humans,
there are close homologues to most of these proto-oncogenes in the human genome.
Retroviral insertion can contribute to tumour progression e.g. insertion close to
ets-1 (proto-oncogene) (Bear et al. 1989) and tpl-2 a probable serine-threonine protein
kinase (Patriotis et al. 1993). In 1981 Hayward investigated avian bursal lymphomas
and found that they were caused by ALV virus integration close to the myc gene
(Hayward et al. 1981). Retroviruses seem to show a random integration pattern, but
may in fact be directed towards actively transcribed regions o f chromatin (Sandmeyer
et al. 1990). Insertional mutagenesis has led to the discovery o f many oncogenes
(Peters 1990), including both novel genes and those previously isolated from acutely
transforming viruses.

Oncogenes’ normal functions include the regulation o f cell proliferation,
differentiation or longevity, over expression or mutant expression o f oncogenes can
cause cell proliferation and deviant cellular behaviour leading to cancer. Oncogenes
control cells by various mechanisms and act at various levels o f regulation; they can
be related to growth factors (e.g. Sis, platelet derived growth factor) (Waterfield et al.
1983); transmembrane receptors e.g. EGFR (Downward et al. 1984); signal
transduction machinery e.g. Ras (Downward 1990); hormone receptors e.g. THRA
thyroid hormone (Sap et al. 1986); transcription factors e.g. Jun, Fos o f AP-1 complex
(Kouzarides et al. 1989); or regulators of cell cycle progression e.g. Vin-1 -cyclin D2
(Hanna et al. 1993).
In Burkitt’s lymphoma the common translocations t(8;14, 8;2, 8;22), all
involve the MYC locus (Croce et al. 1985) and the Philadelphia chromosome
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translocation t(9;22) involves the ABL1 oncogene (Heisterkamp et al. 1983). The
study o f retroviruses has been instrumental in the discovery o f many oncogenes and so
the understanding o f the biology of human leukaemia.
The study o f retroviral gene knockout, such as that associated with the Friend
strain o f Murine Leukosis virus (MLV) has led to the isolation of tumour supressor
genes. When MLV was inserted into a p53 coding region, this resulted in the loss of
p53 function in erythroleukaemia (Munroe et al. 1990) and thereby highlighted p53 as
a tumour suppressor gene.
The Env glycoprotein of some murine retroviruses can interact with growth
factor receptors in the host cell membrane and cause proliferation o f the cell without
the presence o f exogenous growth factors. For example, Friend spleen focus forming
virus via the erythropoietin receptor (Li et al. 1990) and Mink Cell Focus inducing
(MCF) virus via the IL-2 receptor. MCF virus is formed by recombination with
endogenous murine leukosis virus (Stoye et al. 1991) and can infect different cells, as
the recombinant virus possesses polytropic env (Kozak et al. 1992). This virus was
first observed in Akv mice after the formation o f spontaneous tumours (Hartley et al.
1977).
Retroviral long terminal repeats (LTRs) can exert transcriptional control on
host genes, by enhancer (Nusse et al. 1982; Payne et al. 1982; Cuypers et al. 1984),
readthrough or a more distal paracrine method (Tsichlis et al. 1990). Viral LTR may
also show tissue specificity and can be preferentially active in certain tissues
(Stocking et al. 1985). This however is not found to be the primary factor for many
virally induced tissue specific tumours (Green et al. 1988; Jolicoeur 1991; Feuer et al.
1993). Fusion o f viral protein sequences to oncogenes may also influence the tissue
specificity o f transformation, e.g. Gag-Abl fusion (Goff et al. 1981).
However for non-acute, long latency tumours, LTRs are the major
determinants o f pathogenicity (Nusse et al. 1985; Fan et al. 1988; Feuer et al. 1990).
Core elements in the transcriptional enhancer o f the LTR seem to be the most
important (Speck et al. 1990; Hallberg et al. 1991). Deletion of the downstream GCrich region from the enhancer leads to a relaxation of the specificity o f other enhancer
elements and can cause multiple lineage leukaemias (Speck et al. 1990; Hallberg et al.
1991).

-
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1.2

Retroviruses and Retroelements

This thesis focuses on retroviruses and HERV therefore an introduction to retroviral
classification and structure is given below.

The RNA nature o f some infectious agents was discovered at an early stage,
the first retrovirus identified was Equine infectious anaemia virus in 1904 followed by
avian leukosis and sarcoma viruses in 1908 and 1911 respectively. During the 1950s
and 1960s the term RNA tumour viruses was adopted. However after Temin and
Baltimore independently demonstrated that these viruses contain a unique enzyme
which can code for a DNA copy of the viral RNA named reverse transcriptase, the
viruses were subsequently named retroviruses. Retroviral LTRs were described in
1978 and the first isolated human retrovirus HTLV-I was shown to be involved in the
development of adult T-cell leukaemia in 1981.

Retroelements are unique amongst viruses as they utilise a viral encoded
reverse transcriptase to replicate through a DNA intermediate. Retroelements, which
are transposable or movable genetic elements, function via an RNA intermediate and
share the feature o f having integrated by reverse transcription converting RNA to
DNA. They are ubiquitous in vertebrates, invertebrates, plants, fungi and prokaryotes
(Garfinkel 1992; Temin 1992). Reverse transcriptase is an ancient protein and has
been conserved throughout evolution from bacteria and the mitochondria o f fungi to
mammals (Garfinkel 1992). In myxobacteria and some E. coli retroelements exist as
single-copy genes called retirons (Temin 1989). No cellular gene for reverse
transcriptase has been identified in eukaryotes only those present in retroelements,
however reverse transcription is involved in the maintenance o f telomeres (Lundblad
et al. 1990). It is proposed that retroelements evolved by co-opting a cellular enzyme
in a far distant ancestor (Temin 1980), their broad distribution and conserved amino
acid homology among the reverse transcriptases, including retrons, support this
theory.
Transposition increases element copy number as the process o f reverse
transcription creates a new copy each time, resulting in up to

105

copies dispersed

throughout the genome. An insertion target site is opened by causing staggered nicks
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to each DNA strand leading to short direct repeats o f target DNA flanking the inserted
element. Many retroelements also contain an indication o f an RNA intermediate e.g.
a 3’ polyA tract downstream o f the polyA signal.
The primary distinction for classification within retroelements is the presence
or absence o f an LTR. If an LTR is present the element is a retrotransposon, if LTRs
are absent it is a retroposon (Hull et al. 1989). Both groups contain members that
encode reverse transcriptase and those that don’t are thought to be an efficient
template when the RT is supplied by another element.
Retroposons were originally designated as repetitive DNA sequences and
classified by the restriction sites they contained, e.g. K p n lelements (now LI elements)
and Alu elements. On the basis of length they are divided into long interspersed
elements (LINEs) and short interspersed elements (SINEs) (Singer 1982). In
mammals there appears to be only one LINE per species, so the term is
interchangeable with LI, for example LIHs for LI in Homo sapiens, SINEs do not
encode RT, but LINEs do.
LINEs have been found in insects, protozoa, plants and fungi (Eickbush 1992)
as well as mammals. In mammals, the LI family has approximately 104 randomly
integrated, dispersed copies (Skowronski et al. 1986). LI elements are approximately
6.5kb in length and at the 3 ’ end have a polyA tract resembling mRNA. Most LI
elements are disrupted by deletions and point mutations and are commonly truncated
at the 5’ end (Skowronski et al. 1986). However coding-competent LI elements
containing two ORFs have been found in both mice and humans (Martin et al. 1984;
Dombroski et al. 1991). The 3 ’ ORE encodes a protein with homology to RT (Hattori
et al. 1986) and has been shown to possess RT activity (Mathias et al. 1991). LI
elements, the RT protein and a protein equating in size to that encoded by the 5’ ORE
have been observed in cytoplasmic macromolecules in human carcinoma cell lines
(Deragon et al. 1990) as well as in mice (Martin 1991) and may correspond to where
LI is transcribed. LI elements contain an internal RNA polymerase II promoter 3’ to
the transcription start site (Swergold 1990; Minakami et al. 1992) and promoters are
also seen in analogous elements in Drosophila melanogosta (Mizrokhi et al. 1988).
These promoters ensure that new copies of the element retain transcriptional ability.
The most abundant SINEs are retroposons, Alu elements are an example with
105-10 6 copies in the human genome. Alu elements are 300bp in length with a 3 ’

-
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polyA tract (Weiner et al. 1986). They have no ORE and are derived from a 7SL
structural RNA (Ullu et al. 1984). Alu elements in humans are dimeric repeats of
internally deleted 7SL RNAs, each ending in a polyA-rich tract. This is referred to as
a processed pseudogene as it is derived from a cellular gene. Alu elements are
efficient templates for RT, as is shown by their high copy number, as a comparison
other pseudogenes tend to have only up to 100 copies (Vanin 1985). They also
possess autonomous transcription signals in vivo (Matera et al. 1990) with internal
regulatory sequences. Deletions may have enhanced these signals so Alu elements are
no longer dependent on upstream signals as is the case for 7SL (Weiner et al. 1986).
RNA polymerase HI, which depends on a base paired nucleotide primer for initiation,
can transcribe these elements, the termination signal is a tract o f polyT. Therefore Alu
elements may self-prime via their polyA and polyT tracts (Weiner et al. 1986), or may
associate with a source o f RT e.g. LI macromolecular structures, LI-Alu fusion
elements support this idea (Miyake et al. 1983).
The human genome also has 4,000-5,000 copies o f SINE-R (Ono et al. 1987),
these are derivatives o f HERV-K, made up of a 630bp short stretch of internal 3’
HERV-K followed by an LTR, the LTR has a 370bp deletion and terminates with a
polyA tract downstream o f the polyA signal. At the 5’ end there is a tandemly
repeated 40bp GC rich internal RNA polymerase H promoter which is not derived
from HERV-K (Ono et al. 1987); SINE-R has no coding capacity.
Retrotransposons are 6-7kb in length, with two ORFs, which often overlap and
are flanked by 300-600bp LTRs. The number o f copies per genome varies from ten
copies up to thousands (Boeke et al. 1989). The same gene homologues are best
characterised for Tyl in Saccharomyces cerevisiae and copia in Drosophila
melanogaster, their expression yields a ribonucleoprotein particle within the cell
(Shiba et al. 1983; Garfinkel et al. 1985; Garfinkel 1992). The 5’ ORE (A) encodes
the major protein component of these particles, ORE B encodes an RT and this RT is
also present in the particle along with a mRNA copy of the element (Adams et al.
1987). This mRNA appears to be a transposition intermediate (Garfinkel 1992).
Elements unable to encode proteins due to mutations are still able to transpose,
probably because products of coding-competent elements can act in trans on
transcripts from defective elements.
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Transposon-like human elements (THE-1) are dispersed by retrotransposition
(Deka et al. 1988). They have 350bp LTRs, flanked by 5bp repeats. The THE-1
consensus sequence is 2.3kb and lacks ORFs or any significant sequence homology
with other retrotransposons or retroviruses (Paulson et al. 1985). They also lack any
primer binding sites for plus and minus strand synthesis. There are 10,000 THE-1 in
the haploid genome and another 10,000 solitary LTRs (Paulson et al. 1985). Together
these sequences account for about 1% of the total genome. THE-1 was first identified
by Law (Law et al. 1982), they are also known as O family repeats, LRS (low repeat
sequence) and M stn repeats. THE-1 are also found in other primates genomes but not
in rodents (Paulson et al. 1985). The prosimian Galago (Bush baby) transposon-like
element for instance only has a few copies per genome (Schmid et al. 1990). Study of
this element from Galago, found it to be flanked 5’ by a common repeat sequence
related to R of the THE-1 LTR and immediately 3 ’ to this are sequences with
homology to different parts o f the THE-1 internal sequence (Schmid et al. 1990).
This leads to the conclusion that THE-1 are a composite formed from two pre-existing
genomic loci. In several cell lines extrachromosomal circular DNA containing THE-1
sequences were detected (Paulson et al. 1985; Misra et al. 1987). 10% o f these forms
were cloned and characterised in Hela cells and were found to be derived from a
single genomic locus by recombination with adjacent cellular sequences, so were not
typical (Misra et al. 1989).
Variable numbers o f tandem repeats (VNTR) sequences have been found
associated with THE-1 solitary LTRs. One VNTR is a tandem repeat o f the internal
part of the THE-1 LTR. The other is the junction region o f flanking DNA (Mermer et
al. 1987). There is evidence that THE-1 sequences may predispose a region to
rearrange (Pizzuti et al. 1992) and hot spots have previously been linked to THE-1
(Keyeux et al. 1989; Fields et al. 1992). An example o f a linked translocation was
noted with a 15kb section of chromosome six (Wong et al. 1990) and there are also
examples o f papilloma virus integration close to THE-1 (Baker et al. 1987). THE-1
lack a defined coding strand so it is hard to predict their transcriptional orientation
(Paulson et al. 1985; Paulson et al. 1987). Therefore they usually undergo external
promotion (Paulson et al. 1987). However a putative promoter has been identified in
one LTR (Misra et al. 1987; Fields et al. 1992) and a pseudogene found (Deka et al.
1988). THE-1 have been studied in detail (Paulson et al. 1987). A transcript was
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reported embedded in a cellular sequence in the 3’ untranslated region o f a mRNA
coding for a calmodulin (calcium binding) gene (Deka et al. 1988). There are some
reports o f possible roles for THE-1 elements in gene expression (Deka et al. 1988), or
as an origin o f replication (Misra et al. 1989), or as nuclear matrix attachment points
(Law et al. 1989), but any cellular function is still under debate.

Figure 1

An Illustration of the Classification of Human Retroelements

Retroposon -LTR
AAAAAA

O rfl

SJNEs -RT

Orf 2 (RT) —AAAAAA

LINEs +RT

Retroelement +LTR

/ L T R / - Orf 1 (Gag) ■ Orf 2 (RT) Y L T R /

/L T R /-

Gag

Pol

Transposon like human elements THE-1

Solitary LTRs

■

Env

Y 'LTR /

/L T R

/L T R / / L T R /

Retrotransposon

Retrovirus

LTR/

Chapter 1

General Introduction

Retrotransposons are evolutionary precursors to infectious exogenous
retroviruses. Retroviruses are similar to retrotransposons but have a higher degree of
complexity. They have the same sequence features and homologues o f the two ORFs
encoded in retrotransposons and also have at least one other ORF that leads to their
infectivity (env) which is located between the 3’ LTR and the reverse transcriptase.
The two ORF homologues are the gag and the pol regions with the general retroviral
structure being LTR-gag-pol-env-LTR.
The life cycle of infectious retroviruses is more complex as there is an
extracellular phase. They have only been identified in vertebrate species including
fish and snakes, implying they may have evolved more recently acquiring an env gene
(Temin 1980; Temin 1982). Some retrotransposons e.g. gypsy families in Drosophila
have a third ORF in the same position as env and although these also have the most
closely related RT (Boeke et al. 1989; Xiong et al. 1990) they are non-infectious and
the ORF product is unknown.
Reverse transcription occurs within a nucleoprotein complex derived from the
infecting virion and can be complemented by functional proteins from another
provirus, but only at virus assembly (Varmus et al. 1991). Retroviral LTRs possess
both promoters and enhancers for RNA polymerase H.
Endogenous retroviruses typically occur as 1-100 copies per genome with
most being disrupted (Coffin 1984). Some examples o f functional endogenous
retroviruses are baboon endogenous virus, endogenous feline leukaemia virus,
endogenous murine leukaemia viruses and avian endogenous retroviruses (Coffin
1984; Kozak et al. 1992; Payne 1992). There are also dispersed, multicopy families
with varying degrees o f similarity to retroviruses, called endogenous retrovirus-like
(ERV) elements, these can also be more similar to retrotransposons.
Retroviruses are obligate parasites and are found in most vertebrate species.
Retrovirus-like elements have been isolated from neoplasia in reptiles (Jacobson et al.
1980), as well as bivalve molluscs (Underwood et al. 1977). Those elements isolated
are homologous to those found in higher organisms. There are also several
retroviruses that naturally infect fish (Pilcher et al. 1980), as well as two welldocumented retroviruses o f snakes, viper retrovirus (VRV) (Zeigel et al. 1969; Zeigel
et al. 1971) and Com snake retrovirus (CSRV) (Lunger et al. 1974).
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Exogenous or endogenous retroviral particles can be detected by electron
microscopy as enveloped particles of about lOOnm in diameter. The particles contain
dimeric polyadenylated RNA of about 7-10kb, within a protein capsid. Also present
are all the viral proteins required for integration, reverse transcriptase, RNase H,
protease and integrase. Once integrated into the host genome the provirus is
transcribed and translated by the cellular machinery to yield viral protein products.
Viral gag protein products package the viral RNA, the envelope is added at the
budding stage encoded by viral env and once fully assembled the virion can then be
exported and infect further cells.
Exogenous retroviruses were previously divided into three subfamilies but are
now divided into seven genera as follows: Spumaviruses (Chimp/Bovine syncitial
(foamy) virus), Mammalian C type, Avian C-Type, Lentiviruses (SIV, HIV), D-Type,
B-Type and BLV-HTLV-like. These divisions are based on amino acid sequence
comparison the best fit is obtained by using the pol sequences and the worst fit from
the env sequences alone (Xiong et al. 1990). The Env sequence o f type D retroviruses
is most closely related to those of MLV-like which, as the rest o f the type D retroviral
genome is similar to B type retroviruses, implies that a recombination occurred to
form the D type retroviral branch (Doolittle et al. 1989).
The A to D type classification derives from the particle's morphological
appearance under electron microscopy.
A type retroviruses are considered endogenous as the particles are only ever
found inside cells. The particles have a clear centre surrounded by a shell and are not
infectious. They are often referred to as intracistemal A-type particles (LAP), VL30 is
a well known ERV found in murine lAPs. As LAP are only internal they are often
called retrotransposons (Kuff et al. 1988; Heidmann et al. 1991).
B type retroviruses have doughnut shaped cores at budding and eccentrically
located cores in mature virions e.g. mouse mammary tumour virus.
C type retroviruses have crescent shaped cores at budding and central cores in
virions e.g. RSV.
D type retroviruses are more elongated and have electron dense cores in
virions e.g. Mason-Pfizer monkey vims.
Provirus related elements have been found in the genomes o f many species
including humans. In humans intracistemal A particles have been detected (Ono et al.
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1986). Many LAP have been observed in mice and certain cell types, e.g. B cells and
their tumours (Dalton et al. 1967), as well as embryos. LAPs encoded by
retrotransposons have been noted (Kuff et al. 1988).

Figure 2

Schematic Representation of Virion Structure
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If the retroviral RNA is analysed in more detail, a tRNA is associated to a
primer-binding site near the 5’ end and is the primer for DNA binding. At the 5’ end
o f the retroviral RNA there is a short direct repeat sequence called the R region, then
comes a unique short region called U5. Next there is a primer binding site o f 18 bases
complementary to 3’ o f the specific tRNA. There is then an untranslated leader (L)
and a signal for packaging (vp) (Mann et al. 1983; Linial et al. 1990). This region
contains the splice site for subgenomic env transcripts. The retroviral genes then
follow in the regions gag, pro, pol, env. At the 3’ end o f the retroviral RNA there is
polypurine (PP) AG rich primer for positive strand DNA synthesis during reverse
transcription. The U3 unique region is located between PP and R signals to specify
and regulate transcription and processing, the 3’ R region is a direct copy o f the 5’ R.
In the proviral DNA a long terminal repeat (LTR) is formed at each end o f the
provirus and corresponds to U3-R-U5, as well as an integration signal. This signal
consists o f TG...CA direct repeats o f 4-6bp flanking the provirus (Varmus 1988;
Boeke et al. 1989). A classical RNA polymerase II promoter is encoded within the
LTR region so retroelements do not require external promoters for transcription. The
elements have developed elaborate reverse transcription that regenerates sequences at
both ends o f the DNA, resulting in complete LTRs as well as retention of the
promoter and so a complete copy.
The gag (for group antigen) encodes the major structural elements o f the
capsid, composed o f 2,000-4,000 units per virion. There are usually three proteins
and some retroviruses encode a fourth. The proteins are matrix (MA), which is
located on the inner face o f the capsid structure and is necessary for budding (Rhee et
al. 1990), capsid (CA) which forms the core shell (Dickson et al. 1985) and
nucleocapsid (NC) which is associated with the RNA in the core. NC is a basic
protein with the zinc finger array Cysteine-Histidine (Katz et al. 1989).
The protease (pro) is situated between gag and pol. It encodes an aspartic
protease, which acts functionally as a dimer (Bizub et al. 1991), cleaving both itself
and mature gag and pol to yield individual functional proteins. Its three dimensional
structure has been resolved (Miller et al. 1989).
The polymerase (pol) encodes enzymes required for the synthesis o f viral
DNA and proviral integration. These are reverse transcriptase (RT), RNase H and an
integrase (IN) with the RT encoded first. RT is a RNA directed DNA polymerase.
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RNase H digests the RNA from the RNA-DNA intermediate allowing double stranded
DNA to be encoded. The IN trims the 3 ’ end and cleaves the DNA target, enabling
ligation and therefore integration (Brown 1990).
The envelope (env) region encodes the envelope proteins. Env transcripts are
formed by splicing to give subgenomic transcripts, in most retroviruses env overlaps
the 3’ region o f pol. However this is not the case for lentiviruses and spuma viruses.
There are two Env proteins formed by cleavage and processed by cellular systems to
form a hetrodimer. The envelope is associated with the virion budding and facilitates
attachment to the host cell and cell entry. The surface (SU) is the larger protein and is
glycosylated. It is this that binds to the host-cell receptor and the region against which
most neutralising antibodies are reactive. The transmembrane (TM) is a C-terminal
cleavage product, it anchors the hetrodimer and mediates fusion.
There is an extra region named pX in certain retroviral groups (e.g. HIV and
HTLV) which encodes proteins with roles in transcriptional regulation (see chapter 3).

Figure 3

Genomic structure of a typical retrovirus. A representation of the

encoded protein products is also included

tRNA

-

13-

General Introduction

Chapter 1

Figure 4

An illustration o f the life cycle o f a typical
exogenous retrovirus
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Retrovirus-like elements are prevalent in lower organisms and as endogenous
retrovirus-like elements in the higher organisms.
Numerous retroelements have been isolated from micro-organisms (Doolittle
et al. 1989; Xiong et al. 1990). Some examples are the protozoa retroposons SLACs
(MAE) and CRE1 (Gabriel et al. 1990), RIME (ribosomal mobile element) and the
INGI/TRS elements. There are also many examples of intron movement via reverse
transcription (Levra Juillet et al. 1989). Bacterial retrons have been isolated (Temin
1989) and multi-copy single stranded DNA (msDNA) is further evidence o f active
reverse transcription. Some examples o f retroelements found in lower organisms
include the T y l-4 elements o f S. cerevisiae, copia o f Drosophila, Tal o f Nicotiana
and Tntl o f Arabidopsis. (Xiong et al. 1990).

1.3

HTLV-I and II

An emphasis is given to the HTLV group o f viruses as chapter three is devoted to
HTLV I sequence analysis as well as HTLV’s role in ATL.

Human T-cell Lymphotropic Virus type-I (HTLV-I) is an exogenous retrovirus
and is grouped with HTLV-II, Simian T-cell Lymphotropic Virus (STLV) and Bovine
Leukaemia Virus (BLV) because of their similar molecular structure.
HTLV is morphologically similar in appearance to C-type viruses but is more
divergent, the structure of its genome is also somewhat different. By electron
microscopy the retroviral particles have a diameter of 110-140nm. An envelope
surrounds a spherical core o f 80-lOOnm, which is assembled at budding, this envelope
has barely visible projections. After budding the maturing core condenses into a
central electron dense structure, caused by the cleavage o f the Gag precursor by the
protease. The core contains a dimeric RNA and the viral enzymatic complex of RT,
protease, RNase H and integrase.
The genome is 9032bp long (Seiki et al. 1983), including LTRs. As well as
the normal retroviral genes {gag, pro, pol, env) there is also a pX region o f 2.1 kb with
at least four ORFs, encoding tax p40 and rex p27, as well as rex p21 o f unknown
function (Kiyokawa et al. 1984; Kiyokawa et al. 1985). More recently some other
proteins were observed p l2 , p l3 and p30 (or Tof), but these are less well
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characterised and not necessary for cell transformation or virus replication (Derse et
al. 1997).

Figure 5

Genomic structure of HTLV-I including all the protein products
encoded
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HTLV-I is the only retrovirus that has been etiologically linked to human
leukaemia, showing close geographical clustering with Adult T-cell Leukaemia
(ATL). HTLV-I has low infectivity if any as cell free virus (Sinangil et al. 1985) and
requires close cell-to-cell contact for spread. The cell surface receptor has been found
to be located on chromosome 17 (Sommerfelt et al. 1988; Gavalchin et al. 1995).
Many varied cell types and species appear to have this receptor, but the virus mainly
infects CD4+ T-cells (Richardson et al. 1990) o f monocyte/macrophage origin
including dendritic cells (Macatonia et al. 1992). There are subtypes o f HTLV
divided by sequence differences from I-IV (De et al. 1991; Komurian Pradel et al.
1992; Gessain et al. 1993) for more detail see Chapter 3. ATL is a disease of adults
but cases in children have been noted (de Oliveira et al. 1990) and generally there
appears to be a 10-40 year latency among infected individuals before the onset o f
ATL. There have also been cases o f ATL without HTLV-I detection but these are
very rare (Shimoyama et al. 1986; de Oliveira et al. 1990). In ATL cells the HTLV
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genome is often partially deleted but the pX region and the 5’ LTR are usually
retained suggesting their importance in disease progression. HTLV genomes are
usually transcriptionally silent when within ATL cells, with a very low expression of
tax sometimes detected by RT-PCR (Ohshima et al. 1996). HTLV-I activates primary
T-cells to varying degrees, up to inducing growth independent o f IL-2.
HTLV-I has also been associated with a slowly progressive neurological
disorder named HTLV-I associated myelopathy/tropical spastic paraparesis
(HAM/TSP). HAM/TSP patient cultured T-cells show an activated but not
transformed phenotype. They show an increased proliferation in IL-2 absence but are
dependent on IL-2 and periodic re stimulation or feeder cells for continual growth.
HTLV-I signals may replace IL-2 receptor generated signals acting at the G1 phase of
growth. HTLV contributes to but is not sufficient for transformation, it appears that
Tax is the main factor involved (Grassmann et al. 1989; Tanaka et al. 1990). No
chromosome specific abnormality has been associated with ATL although
abnormalities are observed.
Other lymphomas have also been HTLV associated including Sézary
syndrome and mycosis fimgoides (Hall et al. 1991; Zucker Franklin et al. 1992).
However these cases could in fact have been ATL as the symptoms are similar. There
have been several cases o f B-cell chronic lymphoblastic leukaemia in HTLV-I
positive adults (Hendriks 1985) but in all o f these cases no integration o f HTLV was
seen in the leukaemia cells. Continuous antigenic stimulation however could lead to
proliferation (Mann et al. 1987). There are also cases of HTLV-I positive lymphoma
resembling Hodgkin’s disease (HD) (Duggan et al. 1988).

HTLV-H was first isolated from a T-cell line derived from a case o f hairy cell
leukaemia (HCL) (Kalyanaraman et al. 1982). Thereafter it was reported that a
similar virus was isolated from a case o f B-cell HCL (Rosenblatt et al. 1986) and a
coexisting malignant CD8+ T-cell clone (containing HTLV-H) (Rosenblatt et al.
1988). HTLV-H was also found in a case o f large granular lymphocyte leukaemia
(Loughran et al. 1992), in this case it was not clear if HTLV-H was present in the
leukaemic cells. There has also been an unconfirmed association with a rare chronic
neurodegenerative condition (Hjelle et al. 1992). See Chapter 3 for further detail.
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1.4

Human Endogenous Retroviruses (HERVs)

Chapter four o f this thesis will focus on the isolation and classification o f two novel
HERV into their respective families therefore a brief overview o f HERV is detailed.

All eukaryote genomes contain multiple copies o f DNA related to infectious
retroviruses (Coffin 1984). They are stable Mendelian genes and are most likely
remnants of prior infections. It is thought ERVs evolved from retrotransposons
(Temin 1980; Temin 1992) and therefore it is possible that some ERVs are precursors
o f infectious forms. ERVs can serve as a pool of genes for exogenous retroviruses to
use to produce variants, giving altered host specificity and phenotype. ERVs can
encode gene products that compete for or complement in trans retrovirus functions,
they can also act as insertional mutagens, changing host gene regulation.
The early work on ERVs was performed on the chicken model and the first
studied viruses were the Rous-associated endogenous viruses (ev-1 to ev-16), there
was a unique integration site for each (Astrin 1978; Rovigatti et al. 1983). Some
could synthesise infectious virions (Crittenden et al. 1983) and others had deleted
genomes with subset of proteins (Astrin 1978; Crittenden et al. 1981). It was
proposed that ev was involved in ontogeny, but those chickens lacking all ALVrelated endogenous viruses were found to be healthy and breeding (Astrin et al. 1979).
It was suggested that they gave a selective advantage on an animal exposed to
infectious virus, as ev negative chickens were very susceptible to infection (Robinson
et al. 1981; Crittenden et al. 1982). But further study found gag, pol, env and LTR
related in the correct order in an ev" animal (Dunwiddie et al. 1986). In fact 40-100
copies of retrovirus-related sequences were found in an ev" animal, illustrating that
more distantly evolved families were present.
Mouse genomes contain at least four families o f endogenous sequences that
are related to different classes of exogenous retroviruses (Stoye et al. 1987). Most
sequences are defective with no functional gene products. Some mouse strains carry
complete proviral DNAs in the germ line and induction can lead to viral spread and
even leukaemia (Chattopadhyay et al. 1975; Breindl et al. 1979; Steffen et al. 1979;
Chumakov et al. 1982). Most strains also have partially defective ERVs which can
help replicating viruses by recombination. Mink cell focus forming viruses (MCE) are
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recombinant viruses with expanding host range (Famulari 1983; Evans et al. 1985).
ERVs can provide functional DNA sequences to deletion-defective exogenous viruses
during replication in NIH/3T3 cells. This repair occurs by weakly homologous
recombination (Schwartzberg et al. 1985; Martinelli et al. 1990). ERVs are
ubiquitous in nature, they may be important in the biology o f their host and in the
creation of new phenotypes of exogenous retroviruses.
It has long been recognised that DNA sequences related to retroviruses are
present in human genomes (Benveniste et al. 1974) and Martin first isolated these
sequences in 1981. Now it is known that up to 10% o f the human genome is
composed o f sequences resulting from reverse transcription (retrosequences) and
amongst these retrosequences there are many ERV sequences containing partial or
complete ORFs. In humans there are many different groups o f ERV named HERVs
for human ERV. A classification of these has been proposed by their p ol sequence
(Callahan 1988), homologies to mammalian type C retroviruses are termed Class I,
homologies to type A, B and avian type C are termed Class H. The other well adopted
classification is based on tRNA homology to the minus strand primer binding site
immediately downstream from 5’ LTR (Larsson et al. 1989), some distinctly different
HERVs share the same tRNA homology and not all have this short region (18bp).
There is also a lack o f sequence information for all human tRNAs and as many
HERVs were frxed in the genome over 40 million years ago there may be point
mutations within this short region.
HERV sequences have been identified in four main ways:
1. Screening by low stringency hybridisation with probes from non-human
endogenous and exogenous retroviruses (Martin et al. 1981; O'Connell et al. 1984;
Perl et al. 1989),
2. Screening by hybridisation to oligonucleotide probes with the 3 ’-terminal sequence
of selected tRNAs (Harada et al. 1987; Kroger et al. 1987),
3. Analysing flanking regions o f unrelated genes (Mager et al. 1984; Maeda 1985)
and
4. Direct amplification by PCR using redundant primers for conserved reverse
transcriptase sequences (Bangham et al. 1988; Shih et al. 1989).
HERVs possess the same structure as integrated pro virus with flanking LTRs
of several hundred bases. Full length HERVs have homologous gag, p ol and env
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sequences. Most HERVs however are defective with multiple termination signals and
no infectious HERVs have been found to date.
Various cellular functions o f HERVs have been suggested (Temin 1985) -a role in the
evolution o f the genome as a source of genetic variation, a role increasing the
effective target size for lethal mutations, or by acting as insertional mutagens. ERVs
may be the origin o f pathogenic exogenous viruses by recombination e.g. Harvey and
Kirsten murine leukaemia viruses from exogenous murine leukaemia virus and
endogenous VL30 elements (Chien et al. 1979; Ellis et al. 1980). HERVs have been
associated with human neoplasia by producing gene products that act as
transcriptional activators. ERVs in other mammals have been shown to encode
proteins that compete in trans with retroviral functions. ERVs have also been
implicated in the development of autoimmune disease (Krieg et al. 1992). HERV
prevalence and maintenance in the human genome suggests a role in human biology.
In fact recent research has indicated a role for a HERV-W encoded protein (syncytin)
in forming the syncytiotrophoblast layer in placental development (Mi et al. 2000).
By analogy with other animal models these sequences should be given careful
consideration. For further discussion see Chapters 4 and 5.

1.5

Leukaemia

In chapter five o f this thesis expression of the isolated HERV sequences will be
studied in peripheral blood samples as well as panel of leukaemia patients. Below a
brief introduction to the disease and it’s association with retroviruses ingeneral in
given.

Until the middle o f the 19th century leukaemia was diagnosed as infection,
anaemia, or even dropsy. Pathologists were the first to diagnose leukaemia as the
presence o f more white than red blood cells. The earliest observation was in fact in
1827 by Velpau, whom Virchow later cited in 1847 and he used the term “Leukemic”
(Greek for white blood). He was also the first to use the terms “acute” and “chronic”
which are still used today. Virchow used the diagnosis o f pus in blood as the cause of
death. In 1868 Neumann related the disease to the bone marrow and named it splenic
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form or leukaemia myelogenous, this type of leukaemia is still known as myelogenous
today.

Leukaemia is often referred to as cancer of the blood. The term refers to a
group o f closely related malignant conditions affecting the blood-forming cells in the
bone marrow. In leukaemia normal control mechanisms break down and the bone
marrow starts to produce large numbers of abnormal cells o f one type, disrupting the
normal production o f blood cells. Often in leukaemia the spleen and liver will
become enlarged and this may cause abdominal discomfort. The large numbers of
white cells being produced in leukaemia are all abnormal which means that patients
may have frequent, severe infections as well as anaemia.
Leukaemia is classified as either lymphoid or myeloid lineage and as either
acute or chronic. Lymphoid and myeloid refer to the type of white cell affected. If this
is a lymphocyte or lymphocyte-like cell the condition is called lymphocytic or
lymphoblastic leukaemia. Myeloid leukaemias affect any of the granulocytes. The
terms acute and chronic refer to the speed at which the disease progresses if it is left
untreated. Acute leukaemia comes on quickly and, if not effectively treated, will
rapidly progress. Chronic leukaemia is slow to develop and slow to progress, even
when not treated.
Leukaemia is diagnosed by whiteness in blood due to leukaemia cells. In
acute types the proliferating cells are immature, where as in chronic types the
proliferating cells are more mature. The classification is performed by morphology,
cytochemical, immunological, cytogenetic and molecular biology techniques. The
lineage and degree o f maturation o f abnormal proliferating cells leads to morphology,
the other techniques give more precise sub-typing. The sub class determined by
clinical features can lead to differing treatments e.g. different sub-types have different
response rates and survival rates. It is also important to gain as much information as
possible for communication and co-operation for the development of future
treatments.
Myelodysplastic Syndromes (MDS) are primary bone marrow disorders about
20% progress to become blastic leukaemia-they usually affect the elderly.
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Various treatments have developed since the diagnosis o f leukaemia including
the use of chemicals and radioactivity. Paul Ehrlich was the first to use aniline dyes in
blood as a treatment and this was the forerunner of modem chemotherapy. In 1865
Lissauer used arsenous oxide as a cure for chronic myelogenous leukaemia which led
to the development o f chemotherapy for individual leukaemia types. Roentgen rays
were discovered in 1895 and used in 1902 by Pusey and in 1903 by Senn on
leukaemia patients and led to the development o f radiotherapy. In 1930 Gloar used a
combination of blood transfusion, radiotherapy and chemotherapy and achieved some
success in certain cases. Alkylating agents were developed in the 1940s and are now
used in the preparation for bone marrow transplantation. Folic acid antagonists were
developed by Farber, in particular pteropterin and aminopterin, which are used to
create temporary remission in acute leukaemia of children but are not a permanent
cure. This however led to purine and pyrimidine synthesis inhibitors and DNA
assembly inhibitors by Ditchings and Elion including 6-mercaptourine, 6-thioguanine
and allopurinol. In the 1960s Cytorabine was introduced. More recently the
adenosine analogues, 2-chloroadenosine and fludarabine, which have broad antileukaemic effects, were introduced. Some of the bodies natural compounds are also
used to fight leukaemia e.g. ACTH (Adenocorticotropic hormone), Adrenal hormones,
E-asparagine, vinca alkaloids and antibodies e.g. anthracyclines. In the 1970s
cytokines were manufactured using recombinant gene technologies including a-INF
for chronic leukaemia, marrow stimulatory factors (Granulocyte colony stimulating
factor), immunostimulatory leukokines IL-3, IL-2 and trans retinoic acid
(promyleocytes). Combination drug therapy was first used in the 1960 and 1970s and
the technique of high dose and rescue has been successful. A significant percentage
of acute lymphocytic leukaemias in children can now be cured whilst there are
advances in both remission rates and long-term survival in many other leukaemia
types. Grafting is another technique commonly employed in leukaemia treatment.
This was first investigated when it was observed that living spleen and bone marrow
cells could protect lethally irradiated mice. This led to the use o f bone marrow grafts;
matches are needed to avoid graft versus host disease (GVHD). Chromosome
banding has led to the identification of changes central to chronic myelogenous
leukaemia, promyelocytic and Burkitf s lymphoma and also to the identification of
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oncogenes, repressor genes etc. PCR has also been a useful tool and will lead to
future developments and further understanding.
As previously mentioned a number of retroviral infections cause cancer, some
o f these are highly oncogenic e.g. RSV Avian myeloblastosis virus. Many
retroviruses have been specifically associated with various forms o f leukaemia. In
chicken these include avian myeloblastosis virus, avian erythroblastosis virus, avian
myelocytomatosis MC29, mouse Abelson murine leukaemia virus (A-MLV) and both
leukaemia and carcinoma in the case o f avian myelocytomatosis and carcinoma virus
MH2. These and others form the avian leukosis-sarcoma group and cause a variety of
leukotic disorders.
All highly oncogenic retroviruses are replication deficient and therefore
require a helper virus, this may be another exogenous yet harmless retrovirus, or an
endogenous retroelement that supplies the missing proteins, usually envelope proteins.
Retroviruses cause lymphoproliferative disease virus o f turkeys and
reticuloendotheliosis viruses cause lymphomas and other cancers in birds (Solomon et
al. 1976; Barbacid et al. 1979).
There are also leukaemia causing, slowly transforming retroviruses that do not
require oncogene integration and so do not require a helper virus. These endogenous
viruses can create genetic changes and become weakly oncogenic e.g. MCF in akv
mice (Laigret et al. 1988).
In rodents there are many A type retroviruses which can act as helper viruses.
There are also present some B type e.g. murine mammary tumour virus and C type
viruses that effect rodents and can cause leukaemia e.g. MLV.
There have also been some xenotropic retroviruses identified which can cause
disorders in several species (Callahan et al. 1975).
Pike and Walleye fish have a common neoplasia caused by a retrovirus.
Plasmocytoid leukaemia in Chinook salmon is also retrovirus associated (Salmon
Leukaemia virus) (Eaton et al. 1992). Numerous retroviruses are also associated with
spontaneous neoplastic/proliferative diseases o f bony fish (Pilcher et al. 1980).
Com snake CSRV (Lunger et al. 1974) is associated with lymphoid
leukaemia/lymphosarcoma in diverse snakes (Jacobson et al. 1980).
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Feline leukaemia virus (FeLV) is a member of the simple retrovirus class;
there are vestigial remnants o f a similar virus in human DNA implying there were
epidemics in humans in the past (Stoye et al. 1985). There are also clusters of human
leukaemia which could be caused by an as yet unknown viral agent (Stoye et al.
1985). FeLV is a good model as it infects a free ranging species causing leukaemia.
Upon closer study there are changes to the FeLV genome among the more aggressive
forms of the virus, these occur in env and in the LTR enhancer elements (Fulton et al.
1990). Host genes are also found to be inserted in some cases in a similar way to
RSV. A recombination with an endogenous virus found in the host germ-line leads to
an expanded host range and leukaemic activity. Many o f these variants also die out as
the prototype still persists within the host.
Bovine leukaemia virus (BLV) causes tumours 1-8 years post infection in
small numbers of affected cattle. In 1969 Miller observed viral particles, these were
later shown to induce leukosis. BLV has been shown to be an exogenous retrovirus
that causes enzootic bovine leukosis (Bumy et al. 1985). BLV’s genomic structure
has been determined (Sagata et al. 1985) and it is similar in structure and composition
to HTLV with differing protein sizes. Transmission occurs as a cell associated
retrovirus-it naturally infects cattle, sheep, capybara and water buffalo. In vitro
infection has been shown in goats, pigs, rabbits, rhesus monkeys, chimpanzees and
buffaloes (Bumy et al. 1987). The envelope proteins are gp51 and gp30. The major
internal protein is p24, also present are a gag p i 5, a p i 2 RNA binding and a plO
protein. Expression seems to be blocked in vivo as with HTLV (Van den Broeke et al.
1988). Using RT-PCR some expression of tax/rex has been observed in neoplastic
cells (Jensen et al. 1991).

There has been an association between STLV-I and malignant
leukaemia/lymphomas, this may be linked to monoclonal integration o f the vims
(Tsujimoto et al. 1987). Cells similar to ATLL cells have also been observed in
association with STLV-I infection (Sakakibara et al. 1986).

There is suggestive evidence o f an infectious agent in childhood leukaemia
(Greaves et al. 1993), but no direct evidence yet. There is a higher risk in children of
high socio-economic status and amongst the first bom or single children. It is thought
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not to be result o f a widespread infectious agent but may be that delayed exposure to a
common infectious agent in infancy could lead to increased risk. Some clusters of
leukaemia occur in rural communities that have undergone a migration o f town
dwellers (Kinlen 1988; Kinlen et al. 1990), supporting this hypothesis, however
leukaemia seems to be a rare outcome from infection by a common virus.

These examples raise concerns for human infections. To date the only
exogenous retroviruses that have been closely associated with disease are HIV with
immuno-suppression in particular AIDS and HTLV-I with ATL and HAM/TSP (see
Chapter 3), although HTLV-I and II have both been linked with various other
disorders.

What other potential threats lie within the genome in the form o f HERVs is
not known, but as knowledge o f these sequences increases the likelihood o f discovery
of a disease causing virus increases.
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Chapter 2: Materials and Methods
2.1

Materials

2.1.1

Bacterial Culture

Bacterial strains TG2, TG I, DH5oc, DH1, InvlOa (Invitrogen).
Luria Broth.
2xTY (16g bacto-tryptone, 10g bacto-yeast extract and 5g NaCl per litre).
SOB (20g bacto-tryptone, 5g bacto-yeast extract, 0.5g NaCl per litre and 2.5mM KC1,
lOmM MgClz).
SOC (SOB and 20mM glucose).
Agar (15g added to litre o f liquid media).
Ampicillin (final concentration 50-100 pg/ml).
Kannamycin (final concentration 25pg/ml).
5-Bromo-4-Chloro-3-Indoyl-P-D-Galactoside (X-gal) (Sigma).
Isopropylthio-|3-D-Galactoside (IPTG) (Sigma).

2.1.2.

Enzymes

2.1.2.1

Restriction Endonucleases

j

BamHI, EcoRI, Hindlll, Ndel, Smal, PstI, Notl, Aval, Dral, S ad. New England
Biolabs.

2.1.2.2

Polymerases

SuperTaq (HT Biotechnologies), Pfii Turbo (Stratagene), Klenow (NEB), T7 RNA
polymerase (Promega), Superscript II (Gibco), Sequenase v2.0 (USB).

2.1.2.3

Modifying Enzymes

RNaseA, RNaseH, proteinase K, T4 DNA Ligase (Gibco BRL), Shrimp Alkaline
Phosphatase (Amersham Life Sciences), Calf Intestinal Alkaline Phosphatase
(Amersham Life Sciences).
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2.1.3

Reagents

All chemicals BDH/Sigma or see appropriate method.
Whatmann 3MM blotting paper.
Hybond N nylon membrane (Amersham).
Hybond N+ nylon membrane (Amersham).
MSI scientific nylon membrane.

2.1.4

E quipm ent

Uvikon 930 spectrophotometer (Konitron instruments).
Transilluminator (UVP).
Photography equipment (Anachem Kodak Digital Science).
Image capture (Anachem and Kodak ID gel analysis software).
Gene Puiser (Bio-Rad).
UV Cross linker, UV Stratalinker 1800 (Stratagene).
Film Developer (Xomat).
Vacuum Dryer (Gyrovap).

2.1.4.1

Centrifuges

MSB microcentaur.
Sorvall RC5B refrigerated centrifuge, SS34 and GS3 rotors.
Heraus Centrifuge.

2.1.4.2

Electrophoresis

Power Supply (LKB Bromma).
Sequencing tank (Amersham).
HE 99X Max Submarine Unit, flat bed gel tank (Amersham).
A B I377 automated sequencer.

2.1.4.3

PCR

Techne PHC-3 Thermal Cycler.
Perkin-Elmer Gene Amp PCR system 9600.
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2.1.4.4

Materials and Methods

Incubators

HB-1 hybridiser (Techne).
G25 Incubator Shaker (New Brunswick).
Grant Heat block.

2.1.5

DNA Markers

1Kb Marker
(Gibco BRL)

X Hindin digest

cpx Hae HI digest

(Amersham Pharmacia) (HT Biotechnology)

BM VI
(Roche)

23130
9416
6557
4361

61 08
5090
4072

2332
2027

3054
2036

238

234/226
164
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2.2

Methods

2.2.1

Peripheral Blood Mononucleocyte Isolation

This protocol is intended for 50-100ml of whole blood. Throughout a Heraus
centrifuge with a rotor radius o f 15 cm was used.
Sample blood in EDTA or Citrate was centrifuged for 10min at 3,000 rpm at
room temperature, the plasma was then harvested and frozen at -20°C. An equal
volume o f PBS/TNC/BSA* was added and gently mixed. Then carefully 30ml of the
mixture was layered above 15 ml of Ficoll 1.077. This mixture was then centrifuged at
2,800 rpm with the break off for 25min. The buffer above the interphase was then
removed and the interphase harvested. This was then washed twice with
PBS/TNC/BSA by gently re suspending then centrifuging at 1,800 rpm for 7min for
each centrifugation. Finally the pellet was washed with PBS and pelleted again at
1,600 rpm for 7min, these mononuclear cells could then be used for RNA (section
2.2.12) or genomic DNA isolation (section 2.2.2).
^PBS/TNC/BSA
80% Phosphate Buffered Saline (PBS).
0.38% w/v Tri-sodium Citrate (TNC).
3% w/v Bovine Serum Albumin (BSA).
Made up in distilled water.

2.2.2

Genomic DNA Isolation

Pelleted cells were washed twice with PBS before re suspension in lOmM Tris
at approximately IxlO 7 cells per ml. Next 10 volumes o f extraction buffer* was added
and the cells gently mixed to give an even suspension, before incubation at 37°C for
30min. Next, cells were lysed by the addition of proteinase K to a final concentration
of 100pg/ml and the mixture incubated at 50°C for 2 hr. Following lysis the samples
were cooled to room temperature, then extracted with an equal volume o f phenol
equilibrated to pH 8.0, followed by an extraction with an equal volume o f 1:1
phenol:chloroform and finally an extraction with an equal volume o f chloroform. The
genomic DNA was then precipitated from the aqueous layer using an equal volume of
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propanol for 15min. The pellet was formed by centrifugation and washed with 70%
ethanol before air-drying and re suspension in an appropriate volume o f water.
*Extraction Buffer
lOmM Tris HCL
lOmM EDTA pH 8.0.
0.5% sodium dodecyl sulphate (SDS).
lOOpg/ml RNase A.

2.2.3

Southern Blot

Southern blots were performed in a similar way to that described in Maniatis
(Sambrook et al. 1989). Appropriate quantities o f digested plasmid or genomic DNA
were electrophoresed on an agarose gel of appropriate concentration (0.8%-1.5%). If
fragments o f greater than lOkb were to be blotted then the gel was first soaked for
15min in 0.25M HCL The gel was then denatured for 30min in 1.5M NaCl, 0.5M
NaOH at room temperature with constant shaking, then neutralised by shaking for
15min in 1.5M NaCl, 0.5M Tris-HCl pH 7.2, 0.001M EDTA. This neutralisation step
was repeated using fresh neutralisation solution. Gels were then blotted onto a nylon
membrane, either Hybond-N, or MSI. A capillary blot was set up as described in
Maniatis (Sambrook et al. 1989), using *10X SSC as transfer buffer and left overnight.
After dismantling the blot, the nylon membrane was rinsed in 6X SSC, then dried at
80°C for 60min, before being fixed using a UV cross linker. The membrane was then
ready for hybridisation.

Filters were prehybridised in 6xSSC, **5x Denhardt's solution, 0.5% SDS and
100pg/ml denatured salmon sperm DNA using 0.2ml ofpre hybridization solution per
cm2 o f filter for at least one hour at 65°C. Hybridisation was for a further 4 to 18 hours
in the same solution with the addition o f the radioactively labelled DNA probe (see
section 2.2.4).
Filters were washed using variations on the following standard protocol,
depending on the stringency required. All washes were 100 to 200 ml. One wash of
2xSSC, 0.5% SDS at room temperature for 5min, one wash o f 2xSSC, 0.1% SDS at
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room temperature for 5min, two washes of O.lxSSC, 0.5% SDS for 60min at 37°C
then 65°C and a final wash o f O.lxSSC for 5min at room temperature were performed.
The filter was then wrapped in Saran and exposed against X-ray film at -70°C for the
appropriate length o f time and developed using an Xomat.

Radiolabelled probes were stripped from the filter by pouring a solution of just
boiled O.lxSSC over the filter and allowing it to cool to room temperature, the
effectiveness o f the stripping was tested by re-exposure to X-ray film as discussed
above.

*20xSSC
3M Sodium Chloride
0.3M Sodium Citrate
pH to 7.0.

**50x Denhardt’s solution
5g Ficoll type 400 {Pharmacia)
5g of BSA
5g of polyvinylpyrrolidone
Water to 500ml.

2.2.4

Radiolabelled Probe Preparation

DNA probes were labelled using the oligolabelling kit {Pharmacia Biotech) as
described by the manufacturer. 25-50ng linear heat denatured DNA was incubated
with 5U Klenow enzyme in the presence o f 50pCi [a-32p] dCTP, 20pM each dNTP
(dATP, dGTP, dTTP), supplied buffer and random hexadeoxyribonucleotides at 37°C
for 1 hour. The probe was heat denatured prior to use in hybridisation solution.
Riboprobe Preparation
RNA probes were also produced by labelling linearised plasmid preparations. Ipg of
linearised plasmid was labelled using the riboprobe Gemini system {Promega)
following manufacturer's instructions. T7 RNA polymerase is utilised in this system to
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create 32P labelled dCTP RNA probes. The reaction was left for 2 hours at 37°C for
transcription. RNase free DNase 1 was used to remove any DNA by digestion at 37°C
for 15min. The probe was then used as for DNA probes.

2.2.5

Plasmid Preparation

Plasmid DNA was extracted following the alkali lysis method as detailed below, or by
the use of Qiagen or Wizard plasmid preparation kits, following manufacturers
instructions.

An appropriate volume of E. coli cells were grown in appropriate media
supplemented with antibiotic (Ampicillin 100pg/ml) overnight.
The following protocol is for a 300-500ml culture the quantities were adapted
when smaller culture volumes were used. Throughout a Heraus centrifuge with a rotor
radius of 15 cm was used.
The cells were centrifuged at 4,000rpm for 10min at 4°C, then re suspended in
5ml of lOmM EDTA (pH 7.4). 5ml of 0.1 M NaOH, 2% SDS was added then cells
were boiled for 2-5min. 2.5ml of 3M sodium acetate (pH 4.8) was added, mixed,
placed on ice for 5min to precipitate linear DNA and centrifuged for 2min at 6,000rpm.
The supernatant was added to 30ml ethanol then placed on ice for at least 10min and
then centrifuged for 2min at 6,000rpm. The pellet was washed with 70% ethanol, dried
then re suspended in 200pl o f water. 40pg of RNase A was added and the tube left at
room temperature for 30min. 200pl of 1.6M NaCl, 13% PEG-8000 was added, mixed
and centrifuged for 5min at 6,000rpm. The supernatant was removed with a Pasteur,
then the pellet was re suspended in 200pl o f water. Two Phenol/Chloroform
extractions were performed, followed by a Chloroform extraction. The plasmid DNA
was then precipitated with 3M sodium acetate and ethanol on ice then centrifuged at
6,000rpm for 5min. The pellet was washed with 70% ethanol, dried then re suspended
in lOOpl water.
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Materials and Methods

Preparation of Competent Cells

Competent cells were prepared using a calcium chloride or a rubidium chloride
method, for transformation by heat shock, with the rubidium prepared cells giving a
higher transformation efficiency. Electrocompetent cells were also prepared and used
if an even higher efficiency was required.

2.2.6.1

Rubidium Chloride Method

A colony o f E. coli cells from a fresh plate was picked and grown up in 1015ml o f media for 16-20 hr at 37°C. This was diluted in media by 1:10-1:30 (roughly
5ml: 100ml) and grown at 37°C to an OD6oo o f 0.4-0.6. Then put in a cold 50ml
centrifuge tube and placed on ice for 10-15min whilst the centrifuge was cooled to
4°C. Then the tube was centrifuged at 2,000- 3,000g for 15min at 4°C. The
supernatant was poured off and the tube inverted on filter paper for a few minutes to
dry. The cells were then re suspended in RF1* (l/g culture volume- i.e. 30ml) then left
for 15min on ice and centrifuged as before. The supernatant was poured off and the
pellet re suspended in RF2** (1/12.5 culture volume- i.e. 8ml), then left for 15min on
ice. The cells were then aliquoted into 400pl aliquots, frozen in liquid N 2 and stored at
-70°C. 200pl were used for transformations.
*RF1 (100ml)

**RF2 (50ml)

RbCl

1.2g

RbCl

MnCl2.4H20

0.99g

0.5M MOPS (pH 6.8)

IM K A c. (pH7.5)

3ml

CaCl2.2H20

550mg

CaCl2.2H20

0.15g

Glycerol

7.5g

Glycerol

15g

pH6.8 with NaOH

pH 5.8 with 0.2M acetic acid
Solutions were sterilised by filtration.
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2.2.6.1

Calcium Chloride Method

1ml of an overnight culture was grown in 100ml of TY medium at 37°C, until
OD6oo was 0.5, then left on ice for 10min. The cells were then pelleted by
centrifugation at 4,000g for 10min at 4°C. The pellet was re suspended in 15ml of
lOOmM CaCl2 left on ice for 10min, then centrifuged at 6,000g for 6min at 4°C. The
pellet was re suspended in 2ml o f lOOmM CaCl2 and 15% Glycerol. The cells were
then aliquoted in 300pl aliquots and used for transformation, surplus aliquots were
frozen at -70°C for future use.

2.2.6.3

Transformation

lOOpl o f competent cells were transformed with either lOpl water (control), 9pi
water and 1pi DNA, or 9.9pl water and 0.1 pi DNA. The transformed cells were left on
ice for 40min then heat shocked at 42°C for 2min. 900pl o f TY was added to each
tube before incubation at 37°C for Ihr. 50 and lOOpl aliquots were then plated out
onto Ampicillin containing plates (100pg/ml).

2.2.6.4

Electrotransformation o f E. coli cells

Preparation of Cells.
A stab culture o f E. coli was grown at 37°C in 2xTY overnight. Approximately 1ml of
this culture was then used to inoculate 1 litre of 2xTY. This was grown at 37°C and
shaken at 225rpm until an OD600 o f between 0.5-0.8 was obtained, ensuring that the
cells were still growing in log phase. The flask was then chilled on ice for 30min
followed by centrifugation at 4,000g for 15min. The cell pellet was then carefully and
completely re suspended in 1 litre of cold water, followed by centrifugation as before.
The cell pellet was then re suspended in 500ml o f cold water and centrifuged as before.
Next the pellet was re suspended in 20ml of 10% Glycerol and centrifuged as before.
The pellet was then re suspended in 10% Glycerol to a final volume o f 2-3ml, in order
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to give a cell concentration of at least 3x10

cells /ml. Aliquots were frozen in liquid

nitrogen and stored at -70°C.

Electrotransformation.
The 0.2cm cuvettes were pre chilled on ice for at least 5min and the Gene Puiser set to
the 25pF capacitor, 2.5kV and the Pulse Controller Unit to 2000. The frozen
electroporation cells were gently thawed on ice. DNA was added in 2-3pi to 50pl of
cells, mixed and left on ice for 5min. The mixture was then transferred to the pre
chilled 0.2cm cuvette. One pulse was applied using the above settings that resulted in a
pulse of 12.5kV/cm with a time constant of 4-5msec. Immediately after having applied
a pulse 500pl of room temperature SOC medium was added, the cells were then
incubated for 60min at 37°C and shaken at 225rpm. The appropriate aliquots were
then plated out on the desired plates.

2.2.7

PCR

2.2.1

A HERV PCR

All PCRs were performed for 25-35 cycles with some variation on the standard
conditions with a heat shock o f 5min at 94°C
Followed by the PCR of:

30sec at 94°C
Imin at 37-50°C
Imin at 72°C

Then followed by a final extension at 72°C for 7min.
The primers used were at 25-100pmoles per reaction:
A

5 ’ RTC RTC NAC RTA YTG 3 ’

nA

5’ AG RTC RTC CAT RTA NTG 3’

B

5’ AG NAG RTC RTC RTC NAC RTA YTG 3 ’

C

5’ TN GTN GAY ACN GGN GCN 3 ’

C2

5’ TN GTN GAY TCN GGN GCN 3’

MLV

5 ’ YTN KTN GAY CAN GGN GCN SA 3 ’

Universal

5 ’ GTK TTN KTN GAY CAN GGN KC 3 ’
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1.2.12

HTLV-I PCR

All PCRs were performed for 25-30 cycles with some variation on the standard
conditions with a heat shock o f 5min at 94°C
Followed by the PCR of:

Imin at 94°C
Imin at 55°C
2min at 72°C

Then followed by a final extension at 72°C for 7min.
The primers used were at 25-100pmoles per reaction:
LTR1

5’TGA CAA TGA ACC ATG AGC CCC AAA TAT CCC 3’

LTR2

5 ’AAT TTC TCT CCT GAG AGT GCT ATA 3 ’

LTR3

5 T G T GTA CTA NNT TTC TCT CCT 3 ’

LTR4

5 ’H T GAG CGG CCG CTG ACA ATG ACC ATG AGC CCC 3 ’

LTR5

5 ’ACT TAG AAT TCC GCA GTT CAG GAG GCA CCA CAG GCG 3 ’

ENV1

5’CCT CAA TAT TAA TCT CCA TTT TTC 3 ’

ENV2

5 ’AGA ACA GGA TAT CAA GGC CT 3 ’

ENV3

5 ’TCT AGT CGA CGC TCC AGG 3 ’

ENV4

5’CGT CTG TTC TGG GCA GCA TAC TGC 3 ’

2.2.8

Electrophoresis

Electrophoresis grade agarose {Gibco) ranging from 0.6% to 1.5% was
dissolved in Ix TAE buffer* by boiling in a microwave oven for 2minutes. The
solution was cooled under running water and ethidium bromide added to a
concentration of lug/ml. Gels were poured into gel trays fitted with combs and
allowed to set for ~25minutes. Combs were removed and gels were placed in
electrophoresis running tanks filled with Ix TAE. Sample DNAs were mixed with 6x
DNA loading buffer** and loaded into the wells of the gel. Electrophoresis was
performed at an appropriate voltage (30-150v) and the DNA was visualised using an
ultra-violet transilluminator and photographed.
*TAE Running buffer: 4.8g Tris base, 1.1ml glacial acetic acid, 2ml 0.5M EDTA
(pH8.0) per litre.
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**DNA loading buffer; 0.25% bromophenol blue, 0.25% Xylene cyanol FF, 40% (w/v)
sucrose in water.

2.2.9

DNA Purification from Agarose Gels

The geneclean H kit {BIO 101 Inc.) is specifically designed to purify DNA larger than
500bp from agarose gels in TAE buffer and was performed according to the
manufacturers instructions.

The QIAquick gel extraction kit {Qiagen) is designed to extract and purify DNA of
lOObp to 10Kb from agarose gels in TAE or TBE buffer and was performed according
to the manufacturers instructions.

Both kits provided high yields o f pure nucleic acids for direct use in sequencing,
cloning and radioactive labelling.

2.2.10

Ligation Reactions

Both fragment and vector DNA was digested with the appropriate restriction
enzymes to generate compatible ends for cloning. If a single restriction enzyme, or a
blunt ended cutter, was used to prepare the vector, the DNA was treated with calf
intestinal alkaline phosphatase, according to the manufacturer’s instructions {Gibco
BRL). This removed 5' phosphate groups and thus prevented recircularisation of the
vector during ligation. T4 DNA ligase and T4 DNA ligase buffer were used {Gibco
BRL) in a final volume o f 10-20pl. The reaction was incubated at 15°C overnight.

2.2.11

Sequencing

Both automated and manual sequencing were used, using both double and single
stranded DNA templates.

-

37-

Materials and Methods

Chapter 2

2.2.11.1

Single Stranded Template Preparation

Throughout an MSE microcentaur was used at maximum speed. A colony was
picked, added to 1ml 2xTY media and grown at 37°C. In the evening 15pl were taken
and added to 1.5ml 2xTY including M13K07 phage, then grown for 1 hr. at 37°C. 56pl of Kannamycin (25mg/ml) were then added and the cells grown for 14-18 hr. at
37°C. The cells were then pelleted by centrifugation for 1Omin. 1.4ml o f supernatant
was removed and placed in another tube, then centrifuged for 1Omin. 1.3ml of
supernatant was then removed and to this 200pl of 20% PEG (MW 6-800), 2.5M NaCl
was added. This was mixed and left for 5min at room temperature, then centrifuged for
5min. The supernatant was removed and the pellet centrifuged again. The pellet was
eluted in lOOpl o f water and lOOpl of fresh phenol, vortexed, left for 5min at room
temperature, vortexed, then centrifuged. To the aqueous phase 12pl o f sodium acetate
(3M, pH 5.2) and 300pl o f cold (-20°C) ethanol were added. The tube was left for
15min at -70°C, centrifuged, then the supernatant was removed and the pellet washed
in 70% ethanol. The DNA was then pelleted by centrifugation and dried for Ihr. at
room temperature, re suspended in 20pl of water and 5 pi checked on a gel.
7pl aliquots were used in sequencing reactions (see section 2.2.11.3).

2.2.11.2

Double Stranded Template Preparation

Double stranded templates required denaturing before sequencing, this was
performed using alkali. The DNA was re suspended in 0.2M sodium hydroxide and
left at 37°C for 60min. The DNA was then ethanol precipitated with the addition of
5pl of 3M sodium acetate at pH4.8 for every lOOpl of ethanol added. A 70% ethanol
wash was also performed before re suspending the template in the appropriate volume
of sterile water.

2.2.11.3

Manual Sequencing Reactions

Sequencing reactions were performed using the USB sequencing kit and
Sequenase® version 2.0 reactions were run on a polyacrylamide gel (section 2.2.11.4).
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2.2.11.4

Sequencing Gel

The eared plate was cleaned with acetone then silanated with 2-3ml of
dimethyldichlorosilane. The other plate was cleaned with acetone then ethanol, then
acetone again. Spacers were inserted and the plates sealed with tape. The gel mix was
prepared as below:
50ml o f 5xTBE 6% Gel Mix

50ml of 0.5xTBE Gel Mix

7.5ml 40% acrylamide

7.5ml 40% acrylamide
2.5ml lOxTBE

25ml lOxTBE

23g urea

23g urea

add water to 50ml

2.5mg bromophenol blue

lOOpl TEMED and lOOpl 10%

add water to 50ml

Ammonium persulphate to set.

15 pi TEMED and 15 pi 10%
Ammonium persulphate to set 7.5 ml

Most of the 0.5xTBE gel mix was drawn into 50ml syringe, then 7.5ml was
drawn into a 25ml pipette followed by 7.5 ml of the 5x TBE gel mix and a couple of
bubbles to give a gradient. The gradient was poured from the pipette down the centre
of the plates whilst holding them at about 45°, then keeping the gel continuous, it was
continued with the 0.5xTBE gel mix until the gel was complete. The comb was added,
the sides o f the gel clipped with bulldog clips and the gel covered with Saran wrap. It
was then left to set for about 3Omin.
The polyacrylamide gel was run at a power of around 40watts for between 2-8 hours
depending on the type o f reactions loaded.

2.2.11.5

Automated Sequencing

The Thermo Sequenase dye terminator cycle sequencing kit from Amersham
Life Science was used and the manufacturer's instructions followed. 0.2-2 pg of
template DNA was used. Samples were loaded on a polyacrylamide gel and run on an
ABI 377 automated sequencer and analysed using AB I Prism 100 version 3.0.
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2.2.11.6

Sequencing Primers

-40

5 ’ GTTTTCCCAGTCACGAC 3 ’

+10

5’ CAGTGTGATGGATATCTGCAGAATT 3’

-10

5 ’ CCGCCAGTGTGCTGGAA 3 ’

REV 5 ’ AGCGAATAACAATTTCACACAGG 3 ’

2.2.12

Total RNA Preparation

RNA was isolated using the guanidium thiocyanate method, or using RNAzolB
following manufacturer's instructions, purity was tested by measuring optical density at
260 and 280nm.

2.2.12.1

RNAzolB Method

Cells were centrifuged to a pellet then re suspended in RNAzolB (0.2ml per 106
cells). Cells were lysed by gently pipetting a few times, 0.1 volume o f chloroform was
then added and the sample was shaken for 15 sec. The sample was then centrifuged at
12,000g for 15min and the aqueous phase collected, to this an equal volume of
propanol was added. The solution was gently mixed and the RNA left to precipitate at
4°C for 15min. The sample was next centrifuged for 15min at 12,000g then washed in
75% ethanol, followed by a centrifugation at 7,500g for 10min. The RNA pellet was
then dried under vacuum {Gyrovap) and re suspended in DEPC treated water of an
appropriate volume. Purity and concentration were determined by spectrophotometry.

2.2.12.2

Guanidium Thiocyanate Method

For every Ig o f homogenized tissue or cells 10ml of lysis solution* was added.
Followed by in proportion 1ml of 2M sodium acetate, 10ml o f water saturated phenol
and 2ml o f chloroform/isoamyl alcohol 49:1, this was mixed thoroughly and shaken for
at least 10 sec. The mixed solution was then chilled on ice for 30min, followed by a
centrifugation at 10,000g for 20min at 4°C. The aqueous layer was then transferred to
a fresh tube and 3 volumes o f 4M sodium acetate pH7 added, the tube was then left on
ice for at least one hour. The sample was then centrifuged as before, then the pellet re
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suspended in 5ml o f the lysis solution*. 5ml of isopropanol were then added, mixed
and then left at -20°C for one hour. The sample was then centrifuged as before. The
supernatant was then discarded and the pellet re-suspended in 2ml of lysis solution,
2ml of isopropanol added, mixed and then left at -20°C for one hour. The sample was
then centrifuged as before and the pellet washed with 70% ethanol, centrifuged again
and the pellet dried before re-suspension in water at 65°C if necessary.

*Lysis solution:

Guanidium Thiocyanate 250g
Autoclaved DEPC treated water 293ml
0.75M sodium citrate pH7 17.6ml
10% sarkosyl 26.4ml

Dissolved at 65°C
Before use 360pl of 2-(3-mercaptoethanol added to 50ml o f stock solution.

2.2.13

Northern Blot

Equal amounts of RNA were ethanol precipitated and re-suspended in 10p.l of
suspension media*, heated to 65°C for 15min to denature the RNA, cooled on ice and
then 2pl of RNA gel loading buffer** was added. A 1% agarose gel was used, this was
made by dissolving the agarose in 62.5ml o f water, then 17.5ml o f formaldehyde and
20ml of 5x gel running buffer*** were added. The gel was set and placed in the
electrophoresis tank, then covered with Ix gel running buffer. The re-suspended RNA
was then loaded and the gel run at 40-150v for the appropriate length of time. As a
denaturing gel was run no further denaturing was required so after running the gel it
was rinsed in water and blotted as with a Southern blot.
The Blot was fixed and hybridised as with a Southern blot (see section 2.2.3).
*Suspension media

***5x Gel running buffer

4 volumes 5x Gel Running buffer

20.6g of 3-(N-Morholino) propane

7 volumes Formaldehyde

sulphonic acid in 800ml of 50mM

20 volumes Deionised Formamide

sodium acetate, made to pH 7.

9 volumes Water.

20ml of 0.25M EDTA
Made up to 11 with water.
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**RNA Gel loading buffer
Glycerol

\

10ml

0.25M EDTA

80pl

Bromophenol blue

50mg

Xylene cyanol

50mg

Water to

20ml.

2.2.14

RT-PCR

A reverse transcriptase reaction was performed on purified RNA for use in
PCR.
First Strand cDNA Synthesis was performed using SUPERSCRIPT II (Gibco) for RTPCR. A 20pl reaction volume was used for 1-5 pg of total RNA or 50-500 ng of
mRNA. The following components were added to a nuclease-free tube:1 pi o f Oligo (dT)12-18mer (500 pg/ml).
1-5 pg o f total RNA.
Sterile, distilled water to 12 pi.
The mixture was heated to 70°C for 10min and quickly chilled on ice. Then the
following was added
4 pi o f 5x First Strand Buffer
2 pi o f 0.1 M DTT
1 pi o f 10 mM dNTP Mix (10 mM each dATP, dGTP, dCTP and dTTP at
neutral pH)
The contents o f the tube were mixed gently and incubated at 42°C for 2min.
Then 1 pi (200 units) of SUPERSCRIPT H was added and mixed by pipetting gently.
The reaction was incubated for 50min at 42°C then inactivated by heating at 70°C for
15min. The cDNA was then used as a template for PCR amplification.
However, amplification o f some PCR targets (those >1 kb) required the
removal of RNA complementary to the cDNA. This was removed by the addition of
Ipl (2 units) o f E. coli RNase H and incubating at 37°C for 20min.
p-Actin Primers:
5' GTG GGG CGC CCC AGG CAC CA 3'
5' CTC CTT AAT GTC ACG CAT GAT TTC 3'
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HERV1 primers:
5' ATGCCACACTGTCCATCCCCAC 3'
5' GTACTTTAAAGAGGGTGGAGT 3'

All PCRs were performed for 25-35 cycles with some variation on the standard
conditions with a heat shock o f 5min at 94°C
Followed by the PCR of

30sec at 94°C
Imin at 50-60°C
Imin at 72°C

Then followed by a final extension at 72°C for 7min.
The primers used were at 25-100pmoles per reaction:

2.2.15

PAC DNA Isolation

For PAC DNA isolation a variation on the standard alkaline lysis protocol was
used as follows.
A single colony was picked and grown over-night in 10ml of LB plus
kanamycin (25pg/ml). This culture was then added to 200ml o f LB plus kanamycin
and grown at 37°C for 90min, then 0.5mM LPTG was added to stimulate PI replication
and the culture grown for a further 4-5 hours. The bacteria were pelleted by
centrifugation and the pellet re-suspended in 12ml of PI* solution. 12ml of P2**
solution was then added to lyse the cells. The lysate was incubated on ice until the
solution cleared, then 12ml of 3M potassium acetate pH 4.8 was added and the lysate
returned to ice for 15min. The pellet was then precipitated by centrifugation at 15,000
rpm in a SS34 rotor at 4°C for 30min. The supernatant was then precipitated with an
equal volume of iso-propanol at -20°C for 60min. The precipitate was then pelleted by
a similar centrifugation, washed with 70% ethanol and then air-dried. The pellet was
re-suspended in 0.1 M Tris and incubated over-night with lOOpg/ml RNAse A and
50pg/ml RNAse ONE {Merck). Purification of the DNA was then performed by two
rounds o f phenol chloroform extraction.
*P1

15mM Tris pH 8.0

**P2

lOmM EDTA pH 8.

0.2M NaOH
0.1% SDS

lOOpg/ml RNAse
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2.2.16

BAC/PAC Mapping

Probes were labelled by nick translation using biotinylated dUTP. The reaction
was incubated for 90min at 15°C. The reaction was stopped by the addition of 1pi of
0.5M EDTA pH 8.0 and heated to 65°C for 10min.
The probe was then ethanol precipitated and re-suspended in 15-30pl of hybridisation
buffer and Ipg o fC O T l DNA was added to each 15pl of probe suspension.
Next the probe was heated in a water bath at 70°C for 10min, then for 30min in a water
bath 37°C.
Normal Vysis target slides were used. The slide was taken from the freezer and
allowed to air dry, the position of metaphases were marked with pencil marks. Then
the slides were placed in a coplin jar containing 50ml o f 5ml 20x SSC, 10ml water and
35ml of formamide in a water at 72°C for 3 min. Next the slides were plunged into
50ml of ice cold ethanol in a coplin jar on ice for 3min. Then the slides were
dehydrated as follows: 70% ETOH for 3min, 90% ETOH for 3min and 100% ETOH
for 3min and air-dried.
For hybridisation 15pl of probe was added to each target metaphase and each
site covered with a 22x22 coverslip then sealed with cowgum. These slides were
placed in a moist dark box and incubated at 37°C for at least 14 hours.
Cowgum and coverslip were removed by soaking in 2xSSC.
For detection slides were passed through 4 coplin jars containing two jars of
50% formamide/IxSSC and two jars O.lxSSC in water bath at 45°C for 5min in each.
Then the slides were placed in a coplin jar containing 50ml of 4xSST (500 ml of
4xSSC/250pl TWEEN20). One drop ofDAPI mount was placed on each target and
covered with a cover slip, this was sealed around the edge with nail varnish and
allowed to dry well before analysis by fluorescence microscopy.
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Chapter 3:
Characterisation of Human T-cell
Leukaemia Virus type 1 (HTLV-I) from a
Caucasian ATL patient
HTLV 1 is the only human retrovirus that has been shown to cause
leukaemia, in the form of ATL. ATL however is a disease that is most
commonly found in certain geographical areas and is uncommon in
Caucasians in general. In this chapter a Caucasian case o f ATL was
studied from a Greek patient presenting in the UK. The aim o f this
chapter was to subtype the viral strain by PCR and sequencing in order
to determine which strain was responsible for the infection. This was
done to determine if it was in fact a novel subtype or a known strain
that was capable o f causing disease in a European Caucasian.
Subtyping was performed by sequencing and phylogenetic analysis of
the LTR and Env regions.

3.1

HTLV-I and Disease

3.1.1

Adult T-cell Leukaemia (ATL)

ATL was first discovered as a distinct form of leukaemia in 1977 in Kyoto
Japan (Uchiyama et al. 1977). Subsequently it was also found to be endemic in some
people of African origin. It is a disease that generally affects adults only; the
symptoms include rashes, skin abnormalities, lymphadenopathy and
hepatosplenomegaly, increased white blood cell count and abnormal lymphoid cells
with polymorphic nuclei in the blood or lymph nodes. Thrombocytopenia and limited
bone marrow infiltration are often present, although many cases present with only
anaemia. Hypercalcemia is sometimes present and can be the cause of early death
(Kiyokawa et al. 1987). There may also be some Central Nervous System (CNS)
involvement. Production o f parathyroid hormone related protein from ATL cells
promotes bone absorption and is the major cause of hypercalcemia (Watanabe et al.
1990). General immune suppression is also observed in ATL patients (Katsuki et al.
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1986). On average ATL has a long latency post infection of 20-30 years, but can
present earlier (Kawano et al. 1985; Plumelle et al. 1997). Other somatic mutations
are probably critical for progression accounting for the long latency (Shimoyama
1991). There is a high correlation of ATL cases with HTLV-I endemic areas (Tajima
et al. 1985). In general the affected cells are T helper cells (CD4+), HTLV-I can
immortalise T-cells in vitro and has been shown to be the causative agent of ATL,
accounting for more than 600 cases o f ATL in Japan per year (Tajima et al. 1992). 1
in 1,000-3,000 HTLV-I carriers develop ATL in Japan (Tajima et al. 1985), some
cases present early with a pre-leukaemic / smouldering state (Yamaguchi et al. 1983).
HTLV-I is monoclonally integrated into the DNA o f ATL cells (Yoshida et al.
1984) with intact LTRs and nearly all ATL patients have antibodies raised against
HTLV-I proteins. Virus infected cells are required for transfer of virus, as cell free

virus has very low infectivity. The modes of transmission are maternal milk
(Kinoshita et al. 1984), male to female sexual contact, rarely female to male (Chen et
al. 1991) and blood transfusion (Okochi et al. 1984).
HTLV-I infected cells are present in maternal milk (Kinoshita et al. 1984) and
vertical transmission from mother to child is the major mode of spread. This is caused
by extended breast feeding (Takahashi et al. 1991; Monplaisir et al. 1993; Takezaki et
al. 1997) as the IgG protective antibodies decline in the child after approximately 6
months (Takahashi et al. 1991). Around 10-25% of breast fed children of carriers
themselves become HTLV-I carriers. In utero transmission is debatable and at a very
low level if it occurs at all (Katamine et al. 1994). HTLV-I incidence is rare in the
cord blood of neonates (Hino et al. 1985) but can be detected more frequently by PCR
(Saito et al. 1990). The overall risk o f ATL has been linked to infection in early life
(Murphy et al. 1989; Tajima et al. 1995), therefore it is important to prevent vertical
transmission.
Male to female sexual transmission is far more efficient than female to male
(Murphy et al. 1989) as HTLV-I is present in semen mononuclear cells but is absent
from the vaginal mucosa. In Japan the infection rate from husband to wife is
approximately 60% over 10 years but far lower from wife to husband. Worldwide 210% o f all carriers go on to develop disease in their lifetime. Overall seroprevalence
seems to be low and stable amongst children, increasing gradually with age, especially
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in women over 40 in whom there seems to be no consistent explanation for the excess
prevalence in older women (Takezaki et al. 1995; Maloney et al. 1998). This is
probably not due to increased exposure but may be a reflection o f long latency. Other
plausible explanations could be an effect of hormonal or immunological changes
associated with age leading to an increased susceptibility to the virus or viral proteins.
ATL cells appear similar morphologically to Sézary leukaemia cells with
indented or lobulated nuclei by microscopy, hence they are referred to as flower cells.
The typical antigenic markers are CD3, CD4, CD8- and CD25 (IL2-Ra) which is
secreted in its soluble form (Yasuda et al. 1988). There have been some cases noted
in the UK amongst immigrants from the Caribbean (Greaves et al. 1984) but cases are
very rare among Caucasians in general. Expression or translation o f HTLV antigens
is generally absent in fresh ATL cells, but present in vitro transfected lymphocytes,
implying some form of expression suppression in vivo (Franchini et al. 1984). ATL
cells may escape immunological surveillance if expression is suppressed, however
RT-PCR reveals a low level of tax and rex expression in ATL cells at a similar level
to healthy carriers (Kinoshita et al. 1989). ATL cells express IL-2R and HLA-DR
(Uchiyama et al. 1983), which is mediated by tax (McGuire et al. 1993) and can lead
to leukaemogenesis. In one cytogenetic study no unique or specific chromosomal
changes were noted in 107 ATL patients analysed, but abnormalities were common
and far less frequent in smouldering and chronic forms (Kamada et al. 1992). This
data points to the importance o f non-specific progression events in the onset of disease
and may account for the long latency. Integration is not at a specific site, but is clonal
for each individual (Seiki et al. 1984). p53 mutations were evident in 30% of cases
(Sakashita et al. 1992) and were more common in the more aggressive forms,
implying the multistep nature of ATL progression.
Antibodies to HTLV are found in both carriers and ATL patients. The host
immune response to HTLV-I is ineffective in vivo, but neutralising antibodies do work
in vitro (Hayami et al. 1984). The vast majority of ATL cells show typical Th (CD4+,
CDS') characteristics but there have been a few cases of CD4+ and CD8+ (Ciminale et
al. 2000), or CD4' and CD8+ (Jacobson et al. 1990) infected cells. A decreased
expression o f TCR in ATL cells is often noted (Matsuoka et al. 1986).
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There were some reported cases of ATL that were negative for HTLV-I
antibodies (Shimoyama et al. 1986), but these are very rare and may well be a result of
ineffective screening (Nagatani et al. 2000).
ATL can be subdivided into four types; acute ATL that is resistant to
chemotherapy (Kawano et al. 1985); chronic type that is long term with slow
progression; smouldering which has few ATL cells in blood (Yamaguchi et al. 1983)
and lymphoma type with no lymphocytosis and <1% circulating abnormal
lymphocytes (Kawano et al. 1985). Chronic ATL cells are more uniform in size and
nuclei shape. They are smaller than in other ATL types with no azurophilic granules
and the nuclei are lobular. Smouldering ATL cases have fewer large cells with no
granules or vacuoles and possess lobulated nuclei with coarse strains o f chromatin.
ATL is resistant to current anti-leukaemia agents and the main treatment
involves combination chemotherapy, which has limited success (Shimoyama et al.
1988). The use o f monoclonal antibodies has also been tried. The overall survival
median is eight months after onset (Waldmann et al. 1993).
ATL has a particularly high incidence in Southwest Japan where it was first
discovered as well as cases presenting worldwide. In the Caribbean ATL was first
recognised in 1982 by Catovsky (Catovsky et al. 1982). ATL cases have been
reported in all HTLV-I endemic areas (Gessain et al. 1992; Blank et al. 1993;
Delaporte et al. 1993; Plumelle et al. 1993; Pombo de Oliveira et al. 1995). Some
sporadic cases are also seen in Europe and the USA (Gessain et al. 1990; Soriano et
al. 1996; Levine et al. 1999) mainly amongst immigrant populations.
In Japan around half of all ATL patients originate from Kyushu and a quarter
from big cities o f which most o f these patients were bom in Kyushu (Tajima 1990).
There is a plateau o f incidence in males at 50 whereas in females incidence rates
increase until 70 years of age. Even so ATL still has a male to female ratio of 3:2.
The average age of onset in Japan is 57 (Tajima 1990), whereas in the Caribbean,
South America and Africa the average onset age is younger at 40-45 years (Gerard et
al. 1995; Hanchard 1996), which implies other co-factors are involved. One
suggested co-factor is Strongyloides stercomlis infestation that may delay the onset of
leukaemia; hypereosinophilia may be an indication of longer latency (Plumelle et al.
1997). The lifetime cumulative risk of ATL in carriers is estimated at 1-5% in Japan

-48-

Chapter 3

Characterisation o f HTLV-I from a Caucasian ATL patient

and Jamaica (Tajima 1990; Hanchard 1996), while a higher incidence was observed in
the Noir-Marron in French Guyana (Gerard et al. 1995).

3.1.2

Tropical Spastic Paraparesis (TSP)

TSP was first described as a myelopathy in 1985 by Gessain and deThe when
seen in the Caribbean in endemic HTLV-I areas. In Japan a similar disease was
described and named HTLV associated myelopathy (HAM) (Osame et al. 1987).
They were designated as the same disease and it was referred to as HAM/TSP soon
after. HAM/TSP is a slowly progressive symmetrical myelopathy involving
pyramidal tracts; high titres of antibody to HTLV-I are generally noted. HAM/TSP
patients have 10-100x more HTLV-I provirus than carriers (Kira et al. 1991) and 3x
the percentage o f polyclonally infected cells (Yoshida et al. 1989). This contrasts with
ATL cases that usually have monoclonally infected tumour cells. HAM/TSP has an
earlier onset than ATL and can occur within two years of infection especially after
HTLV infected blood transfusion (Osame et al. 1987).
The link between HTLV-I and TSP was first described in Martinique in 1985
(Gessain et al. 1985) and confirmed in Jamaica, Colombia and Japan (Vemant et al.
1987). HAM/TSP is more frequent in females with a ratio of 3:2 in Japan and 7:2 in
Martinique. It is closely associated with HTLV endemic areas. Incidences vary with
geography even between areas with similar seropositivity. For example the lifetime
risk of HAM/TSP in Kyushu is 0-0.25% (Kaplan et al. 1990), but in Martinique is 27% (Vemant et al. 1987). Incidence rates also vary across ethnic group in the same
area e.g. in one large study in Zaire among five ethnic groups, HAM/TSP cases were
only found amongst the Ntomba tribe (Jeannel et al. 1993).

HTLV-I has also been associated with many other diseases. These include
infective dermatitis in infants and several autoimmune syndromes: idiopathic adult
polmyostisis (Morgan et al. 1989), uveitis, Sjorgens syndrome, chronic arthritis
(Nishioka et al. 1989), thyroiditis, T-cell bronchioalveolitis and T-lymphocytic
alveolitis (Sugimoto et al. 1987; Vemant et al. 1988; Sugimoto et al. 1993).
Ophthalmological complications are also seen in some HTLV positive individuals
(Goto et al. 1997) as well as acute pancreatitis (Senba et al. 1991) which may be a
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result of hypercalcemia as seen in ATL cases. Mycosis fimgoides (Zucker Franklin et
al. 1992) has been associated with HTLV. There is also a suggested link with
multiple sclerois (MS), but the link is tenuous, some HTLV sequences have been
noted by PCR in MS patients (Reddy et al. 1989; Ferrante et al. 1997), but others
couldn’t find any (Ehrlich et al. 1991; Myhr et al. 1994).

3.2

The HTLV Group

HTLV-I is classified by DNA sequence similarity and falls into a group of
exogenous retroviruses with HTLV-II, Bovine Leukosis Virus (BLV) and Simian Tcell lymphotropic virus (STLV).
HTLV II can be distinguished from HTLV-I by PCR (Tuke et al. 1992;
Heredia et al. 1996) or sequence analysis (HTLV II 60% homology with HTLV-I) and
also by the use o f specific monoclonal antibodies. HTLV-II is prevalent amongst
intravenous drug users (F/D U) (De Rossi et al. 1991; Murphy et al. 1998) and is also
endemic in Amerindian populations (Biggar et al. 1996), the native Indians of Panama
(Lairmore et al. 1990) and new Mexico (Hjelle et al. 1990). HTLV-II has also been
found in the Mongolians of Asia so it appears not to be a New World virus as was first
thought (Zaninovic et al. 1994). There are two strains o f HTLV-II, Ha and Hb that can
be differentiated by LTR restriction fragment length polymorphism (RFLP) (Hall et al.
1992) and these can be further sub-divided into HaO-Ha4 and HbO-HbS. The majority
(69%) o f FVDU infections are o f the HaO subtype and it appears that the Ha clades
evolved from Hb.
The HTLVs share an uneven nucleotide bias, HTLV-I and H both have a high
C% of 34.9 and 35.6 respectively and a low G% of 19.0 and 18.2 respectively. No
disease has been unequivocally linked to HTLV-H, but there are several associated
diseases including chronic fatigue syndrome, with HTLV-H gag sequences detected
(DeFreitas et al. 1991). In 1982 Kalyanaraman isolated HTLV-H virus from T-cell
line (Mo-T) derived from a Hairy cell leukaemia patient. However there is no
evidence for a link to the disease (Rosenblatt et al. 1987).
STLV-I was isolated from the peripheral blood lymphocytes o f Japanese
Macaques, the virus was first detected by electron microscopy (EM) (Miyoshi et al.
1982). Cell lines from seropositive monkeys and chimpanzees have been established,
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genomic blots revealed a HTLV-like virus and RFLP proved that it was non-identical.
Sequence analysis revealed a high homology o f 90-95% to HTLV-I (Watanabe et al.
1986).
STLV seroprevelance, as with HTLV, shows regional variation. STLV infects
many species, including Macaque, orangutang, African green monkey, gorilla,
siamang (ape), baboons, chimpanzee and various African and Asian monkeys. New
World monkeys appear not to be infected in the wild but can be infected by HTLV in
vitro, including marmosets and squirrel monkeys (Kinoshita et al. 1985; Nakamura et
al. 1986). Folks in 1994 suggested that there might be some New World monkeys
infected with a natural STLV-H.
There has been a strong correlation with malignant leukaemia/lymphomas and
STLV-I (Homma et al. 1984; Voevodin et al. 1996; Akari et al. 1998). Sakakibara in
1986 observed cells similar to ATL cells in an African Green monkey (Sakakibara et
al. 1986) and STLV specific antigens were seen as well as monoclonal integration of
STLV in six cases o f leukaemia/lymphoma, polyclonal integration was seen in the
non-leukemic infections (Tsujimoto et al. 1987). Other leukaemia/lymphoma cases
have also been reported in STLV-I infected primates (McCarthy et al. 1990; Mone et
al. 1992; Hubbard et al. 1993). In great apes, natural infection with STLV-I is only
seen in Gorillas (Blakeslee et al. 1987). STLV-I can infect human lymphocytes in
vitro (Miyoshi et al. 1983; Sommerfelt et al. 1990) but has not been seen in recent
times in vivo. There is a very low level of infection by cell free STLV-I with a similar
cellular host range to HTLV-I. STLV-I has also been shown to activate resting
lymphocytes (Gazzolo et al. 1987; Tozawa et al. 1988).
STLV-I has a long R region in the LTR of 227 bases, this forms a stem-loop
structure, the poly(A) signal is 274 bases upstream of the poly(A) site and the three
21 base direct repeats occur 5 ’ of the TATAA signal. There is also a 10 base deletion
in U3. The env and pX regions are very similar to those of HTLV-I.
It is thought that HTLV and STLV share a common ancestor- a primate virus
(PTLV). Analysis o f the differences can yield an estimate o f divergence time. It is
thought that the virus originated in the Indo-Malay region, then spread to Africa
followed by the Americas and Japan (Saksena et al. 1992; Vandamme et al. 1994; Van
Brussel et al. 1997).
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Sequence comparisons among the virus serotypes indicate relatively recent
interspecies virus transfer within the primates (chimpanzee and Baboon) including
humans. There appears to have been at least three independent human to simian
cross-species viral exchanges (Koralnik et al. 1994; Saksena et al. 1994; Song et al.
1994; Vandamme et al. 1994).

BLV is a good animal model for HTLV, its replication, pathogenesis and
general biology are similar and it is common amongst cattle. Experimentally BLV can
cause disease in goats, pigs, rabbits, rhesus macaques and chimpanzees, although
whole lymphocyte transfer is required for infection (Ferrer 1980). In all 30-35% of
infected individuals develop persistent lymphocytosis and only 5% develop clonal
tumours. In BLV-associated tumours it is mature B-cells that are the tumour cells in
general not T-cells as with HTLV. The disease model differs from the insertional
mutagenesis associated with type C retrovirus (Grégoire et al. 1984) and involves the
novel pX region in a similar way to HTLV. This region encodes p34 Tax and p i 8
Rex and these proteins trans regulate the viral LTR promoter and control the switch
from small, multiple spliced to full length transcripts. BLV tax can immortalise rat
fibroblasts in culture with Ha-ras, causing tumourigenic conversion (Willems et al.
1990), possibly by activating cellular promoters. In BLV-associated disease there is a
slow rate o f progression. This can be explained by the lack o f viral expression within
the tumour cells implying that BLV is an inefficient initiator.

3.2.1

HTLV-I structure and classification

ATL was first described by Takatsuki in 1977. In 1981 Hinuma et al.
(Hinuma et al. 1981) discovered that the MT-1 cell line, which was derived from a
patient with ATL, produced C-type retrovirus and that the viral antigen named Adult
T-cell Leukaemia associated antigen (ATLA) was involved with ATL. At about the
same time Miyoshi et al. reported that the retrovirus from the MT-1 cells transformed
human cord T-cells giving rise to the MT-2 T-cell line (Miyoshi et al. 1981). In 1982
Yoshida isolated virus from MT-1 and MT-2 cells and named it Adult T-cell
Leukaemia/Lymphoma Virus (ATLV), which Seiki then sequenced in 1983. The term
HTLV was given (Poiesz et al. 1980) to a C-type retrovirus that was found in a T-cell

-52-

Chapter 3

Characterisation o f HTLV-I from a Caucasian ATL patient

line that was established by Gazdar et al. (Gazdar et al. 1980) from an African patient
with T-cell lymphoma (mycosis fimgoides). Later these viruses were found to be the
same as ATLV (Watanabe et al. 1984) and thereafter the virus was generally referred
to as HTLV-I. It is possible that these lymphomas were in fact ATL as they were
clinically similar (Bunn et al. 1983).

The HTLV-I genome is 9032bp long (Seiki et al. 1983) and possesses two
LTRs. The structure o f the HTLV genome is LTR-gag-pol-env-pX-LTR, the
additional pX region separates HTLV from that of a typical retrovirus.
The LTR is 755 nt. long and is composed of U3, R and U5 o f 352, 227 and
176 nt. respectively. U3 contains a TATA box and three imperfect 2 Int. repeat
elements called Tax responsive elements (TRE) that control pro viral expression
(Beimling et al. 1990). These are found at -251/-231, -203/-183 and -103/-83, and all
contain a central 5 ’-TGACGTCA-3 ’ which is a cAMP response element (Beimling et
al. 1990). There is another Tax target o f 47 nt. found at -163/-117 (Tanimura et al.
1993). Many cellular transcription factors bind the U3 LTR. U3 also contains
termination and polyadenylation signals. The polyadenylation signal o f AATAAA is
not 10-30 nt. upstream o f the polyadenylation site as in most retroviruses, but is more
than 250 nt. downstream. It is brought close by secondary structure folding resulting
in the Rex-responsive element (RRE), the site of action o f Rex (Felber et al. 1989).
The R region is unusually long and forms most of the RRE. It also contains the
capping site and the first splice donor site at nt. 119 of the mRNAs. The U5 function
is not totally determined. The last 100 nt. contain a c/s-acting element which
represses expression o f genomic mRNA but not the spliced mRNA, acting as an
antagonist to Rex (Black et al. 1991; King et al. 1998).
The group antigen {gag) region encodes the core proteins. It is 8.5kb
unspliced and encodes a 53-55kD precursor. This protein is cleaved by viral protease
into matrix ( p i9), capsid (p24) and nucleocapsid ( p i5), o f 130, 214 and 85 amino
acids respectively (Nam et al. 1988), p i 9 is post-transcriptionally modified with the
addition o f myristic acid to the N terminus.
The protease region encodes a 234 amino acid protein o f 14kD. This is
encoded in a different reading frame to Gag. It is encoded from within the 3 ’ end of
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gag and extends into the 5’ end o fpol by a ribosomal frameshift (Nam et al. 1988).
The protease undergoes self-maturation by catalytic self-cleavage (Louis et al. 1999).
The polymerase region encodes a 95kD protein, the largest ORF being a
potential 896 amino acids formed by a second ribosomal frame shift (Nam et al.
1993). It is an Mg2+ dependent reverse transcriptase encoded by the 5’ end of pol, the
RNase H and integrase are encoded further downstream.
The envelope region (env) starts on an alternate ORF that overlaps the 3 ’ of
pol. A 4.2kb single spliced mRNA encodes a 488 amino acid precursor, which is later
glycosylated and is 61-68kD. It is then cleaved into a 46kD surface glycoprotein of
312 aa and a 21kD transmembrane glycoprotein of 176 aa. The N terminal of gp21
has a hydrophobic domain o f 29 amino acids, the C terminal contains the
transmembrane domain. Point mutations on env and the glycosylation sites disrupt
envelope processing or function (Pique et al. 1990). There is only limited genetic
variability in the env region between subtypes (Schulz et al. 1991) and this region may
be used for classification.
The pX Region is a unique 2.1 kb region situated to the 3’ o f env. At least four
ORFs are present, ORFs III and IV are from a single polycistronic doubly spliced
mRNA. This polycistronic mRNA encodes the two major proteins Tax and Rex. Tax
controls transcription o f viral genes (Giam et al. 1989) and some cellular genes, e.g.
IL-2 receptor expression (Ruben et al. 1988). At first cellular factors control HTLV
gene expression, tax is favoured over rex because of sequences surrounding the
initiation codons. Later tax mediated (mns-activation occurs and rex expression
increases slowly to a threshold, this leads to high levels of gag/pol and env and entry
to the late phase o f replication and then virion assembly. Overabundance o f rex seems
to have an autocrine repression of viral transcription. This reduced amount of Tax and
Rex protein may lead to evasion of immunosurveillance.
ORF IV encodes p40tax that is a nuclear phosphoprotein o f 353 amino acids, it
has the same initiation codon as the envelope but is spliced to ORF IV at nt. 6950
extending into IB o f the 3’ LTR. p40tax is called a trans activator protein as it acts in
trans at TREs in the U3 o f the 5’ LTR. It also has indirect actions mediated by
cellular factors, e.g. CREB and can activate transcription factors, c-fos is also
activated by tax (Alexandre et al. 1991). Tax also enhances expression of cellular
genes via NFkB, including IL-2, DL-2Ra (Ruben et al. 1988), as well as GM-CSF
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(Nimer 1991). These factors play a role in T-cell growth and function and imply that
tax is important in the transformation of T-lymphocytes. Other genes that are
activated include c-sis, c-jun, NGF, IL-6, TNF-p, globin and vimentin genes and
parathyroid hormone related protein. Tax has a negative action on the p-polymerase
gene, implicated in DNA repair.
The p27rex nucleolar phosphoprotein of 189 amino acids has a nucleolar
targeting sequence o f 19 arginine rich amino acids at its N terminus. It is encoded
from the same mRNA as Tax, with initiation 56 nt. upstream on the second exon, in
frame with ORF HI. Rex acts post transcriptionally to regulate viral gene expression
(Seiki et al. 1988). Rex increases viral expression by facilitating passage into the
cytoplasm of mRNA for gag, p o l and env, without Rex these stay in the nucleus. Rex
is dependant on m -acting sequences (Seiki et al. 1988) in the R region o f the 3’ LTR,
i.e. the RRE. There are similar regions in BLV and HTLV-H and HIV-1 (Felber et al.
1989). Rex is functionally similar to HIV-1 Rev being a regulator of viral expression
in the same manner (Ahmed et al. 1990).
Tax is preferentially translated over Rex as a more favourable initiator
surrounds its AUG. In fact the tax initiator is surrounded by one o f the optimum
sequences o f caccATGg, whereas rex has a poor initiator in particular having a T at
the important -3 position (cTgcATGc) (Kozak 1986). Stimulation by Tax leads to
increased expression of Rex, which leads to viral mRNA export to the cytoplasm
allowing viral assembly and budding. Rex directly inhibits doubly spliced mRNA
coding for Tax and Rex and may explain viral latency.
ORF HI also encodes a p21rex of 111 amino acids that is found in the
cytoplasm. It is the C terminal o f Rex and is of unknown function (Koralnik et al.
1993), but may act as a trans dominant inhibitor of Rex.
ORF I and ORF H o f pX are novel spliced mRNAs. They have been found by
PCR and non-PCR methods in ATL patients, cell lines and HAM/TSP patients
(Bememan et al. 1992; Cereseto et al. 1997). These transcripts are also found by
RNase protection assay in ATL and HAM/TSP lines and PBMCs from ATL patients,
so they are not PCR artefacts (Cereseto et al. 1997). Alternative splicing as with HIV,
BLV and HTLV-H leads to the increased complexity of these viruses and allows the
small genomes to encode more genes (Bememan et al. 1992; Cereseto et al. 1997).
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Three further proteins encoded by pX are p!2, p!3 and p30. p !2 is encoded
on pX ORF I and is a 99 amino acid, 12 kD proline and leucine rich hydrophobic
protein, found in cellular endomembranes (Koralnik et al. 1993). It bears structural
and functional similarities to E5 o f bovine papillomavirus; both bind a 16 kD part of
cellular H+-vacuolar ATPase (Franchini et al. 1993). p l2 can co-operate with E5 in a
cell transformation assay (Franchini et al. 1993) and it has very deletion sensitive
activity which is not due to binding (Koralnik et al. 1995). p i 2 also interacts directly
with IL-2 R p and y but not a (Mulloy et al. 1996) and may have a role in T-cell
transformation (Mulloy et al. 1996). p l2 may be involved in persistent viral infection
(Collins et al. 1998) but is not necessary for immortalisation or viral replication in
primary cells in vitro (Derse et al. 1997; Robek et al. 1998).
ORF II encodes two nuclear proteins of 13 and 30 kD, p i 3 is 87 amino acids
and is located in the nuclear matrix (Koralnik et al. 1993), p30 (Tof) is found in the
nucleoli (Koralnik et al. 1993). Their functions are not yet defined (Green et al.
1995), but neither gene is necessary for immortalisation or viral replication (Derse et
al. 1997). However both p i 3 and p30 do seem to be expressed in chronic infections
and are targets for immune response, as demonstrated by a CD8+ CTL response
(Pique et al. 2000). This data supports the theory o f a role for the proteins in a long
term chronic infection.
The HTLV group also have a region of 650 nt. between the 3 ’ o f env and the
second exon o f tax/rex- it is unique to this family and is not necessary for HTLV-H
replication (Green et al. 1995). This region was thought to be non-coding, however in
HTLV-I ORF I and H o f tax/rex have overlapping reading frames, with mRNAs seen
in vivo (Cereseto et al. 1997), so now the non-translated region is reduced to only
about 100 nt. A similar protein to p i 2, in HTLV-H has also been observed called plO
(Ciminale et al. 1996).
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Schematic representation o f known proteins encoded in the pX region.

Figure 3.1

Dotted lines denote spliced transcipts

Env

NCR

ORF I p l2
ORF II pl3
ORF II p30

1.................

ORF III/IV p27 (Rex)

I

ORF III/IV p40 (Tax)
ORF III P21

In ATL cases the integrated HTLV provirus is often partially deleted, but the
pX and 3’ LTR regions are preferentially retained implying an importance in disease
progression (Korber et al. 1991).
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3.3

Epidemiology

The endemic areas for HTLV-I are mainly the Caribbean, Southern Japan and
certain regions in sub-Saharan Africa. HTLV-I is an old virus that has undergone
vertical transmission via mother’s milk and the infection of umbilical cord T-cells.
Horizontal transmission as cell free virus probably never takes place. However
transmission occurs with infected lymphocytes by male to female sexual contact. In
the vagina there is an absence of CD4+ T-cells except during menstruation so there is
little or no HTLV, therefore female to male transmission is very rare. The other main
mode of transmission is via blood products in in vitro drug users (FVDU) and from
blood transfusions.
Worldwide 11-20 xlO6 individuals are infected and disease in the form o f ATL
or HAM/TSP occurs in less than 5% of all infected individuals.
As mentioned the main endemic areas are Southern Japan, intertropical Africa and the
Caribbean basin (Blattner et al. 1982; Kayembe et al. 1990). There are also many
minor endemic areas notably South America and the Seychelles (Arango et al. 1988;
Lavanchy et al. 1991).
There is also a massive potential for further spread as there are only pockets of
infected regions, an example of this is the more recent spread to North America.
North and South American aboriginal groups may have carried HTLV-I across the
Bering Strait when the Americas were colonised by humans.
Different strains o f HTLV-I were noted in Melanesia and Australia (Gessian et
al. 1991; Bastian et al. 1993) by PCR analysis. Worldwide three subtypes were
recognised (Koralnik et al. 1994); the Cosmopolitan type found in many regions
(Gessain et al. 1992); the Central African type found in the Zaire and Gabon
(Fukasawa et al. 1987) and the Austro-Melanesian type found in Papua New Guinea,
Australia and Melanesia that is the most divergent (Gessian et al. 1991 ; Bastian et al.
1993). A fourth subtype has now been reported in Central Africa and Pygmies that is
closely related to Chimpanzee STLV-1 (Mahieux et al. 1997).
The Cosmopolitan type (la) is very homogeneous and probably originated in
West Africa, later being transported by the slave trades and overland trade routes
(Gessain et al. 1992). There are 3 subtypes within the Cosmopolitan group named A
to C. B is mainly found in Japan (also India and British Colombian American
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Indians) and C is found mainly in West Africa and the Caribbean. A is widely
dispersed and accounts for most of the genetic diversity (Miura et al. 1994). The virus
was probably spread to the Caribbean from the slave trade in West Africa, as they are
closely related. Two separate migrations to Japan may explain the presence o f two
sub-types (Vidal et al. 1994). In British Columbia the virus was endemic pre
European colonisation but recent travel, e.g. Japanese fishermen, or African
descendants from American slaves may have led to its spread (Picard et al. 1995).
Hinuma in 1986 proposed HTLV-I was transmitted amongst the Japanese since
prehistoric times, this is supported by infection of the Ainu from whom the Japanese
are thought to have descended (Ishida et al. 1985).
The Zairian type (lb) is generally confined to Central Africa (Gessain et al.
1992). There have however been cases reported from elsewhere e.g. a case in Sicily
with this subtype (Boeri et al. 1995).
The Melanesian type (Ic) was isolated from the remote areas o f Papua New
Guinea, the Solomon Islands and later from Australian aborigines (Gessian et al.
1991).
The proposed Central African and pygmy type (Id) contains members that are
not closely related to any other African types but are closely (98%) related to
Chimpanzee STLV-1 indicating recent interspecies transmission (Mahieux et al.
1997).
The Melanesian and Cosmopolitan types are from a common ancestor, so the
virus probably reached Australia in ancient times as the Melanesian type shows the
earliest divergence.
RFLP o f LTR sequences has led to 12 profiles divided into 5 groups by
geography: Cosmopolitan; Central African; Western African; Japanese and
Melanesian. These are confirmed by sequence analysis o f LTR (Vidal et al. 1994).
The Cosmopolitan type is found in most regions, the Japanese type is most closely
related to the Cosmopolitan and is found mainly in Southern Japan. This type
accounts for 75% o f carriers in Japan the other 25% being Cosmopolitan (Vidal et al.
1994). The Central African strains show the largest interdiversity, possibly from
genetic drift in each country, but may also be the result o f interspecies transmission
including the infection of humans with STLV-I (Koralnik et al. 1994). The
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Melanesian type is molecularly quite distant from the four others due to genetic drift
over 10,000-40,000 years in the Indo-Malay region (Gessain et al. 1993).
There are small clusters o f HTLV positive individuals worldwide but these are
not ubiquitous (Levine et al. 1988). Highly endemic areas are the South West islands
of Japan, the Caribbean and surrounding area, South America, intertropical Africa, the
Middle East (Iran) and Melanesia. Some cases have been reported in Taiwan (Wang
et al. 1988), India (Babu et al. 1993), China (Pan et al. 1991) and Korea (Lee et al.
1986). Incidences have been noted in the Arctic population (Robert Guroff et al.
1985), but the virus does not appear to be endemic. Africa has by far the largest
reservoir with 5-10 x 106 infected individuals including Senegal, Guinea Bissau,
Guinea, Mali, Burkina-Fasso, Benin, Tchad, the Ivory Coast, Ghana and Nigeria in
West Africa (Hunsmann et al. 1984; Saxinger et al. 1984; Verdier et al. 1989; Dumas
et al. 1991). Gabon, Zaire, Cameroon, Central African Republic, Congo and
Equatorial Guinea are also affected (Delaporte et al. 1989; Schrijvers et al. 1991;
Garin et al. 1994; Tuppin et al. 1996). There is a high prevalence in southern Gabon
(Schrijvers et al. 1991) and in northern Zaire (Garin et al. 1994) and also occasional
clusters in the Seychelles (Schrijvers et al. 1991).
In the Americas there is a highly endemic population on the Caribbean islands
o f Haiti, Jamaica, Martinique and Trinidad (Blattner et al. 1990; Frery et al. 1991;
Maloney et al. 1991; Allain et al. 1992), South American areas also have endemic
regions, e.g. Tumaco, Colombia (Trujillo et al. 1992) and the Noir-Marron population
o f French Guyana (Gerard et al. 1995), but there are only low levels in the rest of
South America. USA and Canada have a low number o f carriers and there are clusters
in recent immigrant populations and amongst the black population in particular
(Williams et al. 1988).
In the Middle East, the Mashad region in Northern Iran is a reservoir of HTLV
carriers (Nerurkar et al. 1995), emigrants from this region are now in Israel, USA and
Italy. There are also sporadic cases of HTLV-I in Iraq (Dénie et al. 1990) and Kuwait
(Voevodin et al. 1995).
On the Pacific islands and in Melanesia there are isolated clusters o f HTLV as
well as in two tribes of PNG, the Solomon islands (Asher et al. 1988) and in
Australian Aborigines (Bastian et al. 1993), incidence is rare on other islands (Asher
et al. 1988).
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The virus is not endemic in Europe, but there have been some cases in Italy
(Pandolfi et al. 1985; Chironna et al. 1996). Most cases in Europe arise in immigrants
from the West Indies, Africa or the Middle East (Cruickshank et al. 1989; Wyld et al.
1990; Taylor 1996). There have also been some sporadic cases in Greece, in some
eastern European countries (Taylor 1996) and in Georgia (Senjuta et al. 1991). There
has also been a recent report o f a case o f ATL in Germany without relation to an
endemic area (Ellerbrok et al. 1998). Several HTLV-I positive individuals have been
noted throughout Europe (Taylor 1996), including Switzerland (de Saussure et al.
1991) and Germany. In England the seroprevalence is low, but most studies have
been on blood donors which automatically removes the highest risk individuals, from
antenatal studies the seroprevalence may be up to 100 times higher than that first
thought (Nightingale et al. 1993; Taylor 1996).
This chapter details a case o f acute ATL presenting in Europe without any
indications o f links to a known HTLV-I endemic area.

Figure 3.2

World Map illustrating HTLV-I endemic countries

m
HTLV-I endemic areas illustrated by shaded regions

HTLV shows a founder effect and high transmission within cultural local
communities. It also shows marked clustering according to ethnic background as
shown in Trinidad. Amongst 1025 people o f African descent 3.2% were HTLV-I
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infected. O f 487 people of Asian descent only 0.2% were infected and 11.4% o f those
of African descent infected were among the Africans in the coastal villages of Tobago
implying that socio-economic and environmental co-factors affect the rate of
transmission (Blattner et al. 1990). In particular this can be partially explained by the
means of spread (mother to child and sexual contact) and the tendency for
communities to mix mainly within their own cultural groups.

HTLV shows low sequence divergence even amongst geographically distant
populations. By using envelope gp46 and LTR sequence the greatest variation is seen,
but the amount varies with the length of sequence used (Nerurkar et al. 1995)- the
greatest variation being located in the U3 and U5 regions o f the LTR. Daughter in
parent effect also has to be taken into account when assessing sequence differences
due to the low mutation rates seen in HTLV.
PCR analysis o f HTLV, has illustrated that inter and intrastrain genetic
variability is very low (Vidal et al. 1994). There are geographic links to specific
changes, mainly substitutions, but these are not disease linked (Komurian et al. 1991;
Gonzalez Dunia et al. 1993; Nerurkar et al. 1994; Georges Gobinet et al. 1998).
The results of tests on sera from tropical areas tested by western blot analysis
have been questioned (Gessain et al. 1995). Previous studies may have overestimated
the seroprevalence o f HTLV. The WHO and CDC have now redefined a positive
result to contain at least one gag-encoded (p i9, p24) and at least one e«v-encoded
(gp21, gp46) response. The new generation kits are also more specific.
The seropositivity o f the patient in this case was confirmed to have both gag
and env positive antibody response. The patient’s sera also reacted with the Japanese
T-cell lines (MT-1 and MT-2) that are chronically infected with HTLV-1 as well as
with the T-cell line Karpas 1010 that was transformed by a virus that was isolated
from a Caribbean patient with ATL.
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3.4

Case History

The patient referred to in this chapter was a 36-year-old Caucasian European
from Greece who came to the UK for treatment. She first presented whilst pregnant,
complaining of a persistent cough, a raised lymphocyte count of 30 x 109/1 was noted,
of which a proportion were abnormal. No clinical, radiological or biochemical
abnormalities were noted. A preliminary diagnosis of Sézary syndrome was made and
deoxycoformycin followed by chlorambucil administered with no improvement in her
white cell count. Repeated episodes of bronchitis type symptoms and loin pain then
followed. Computed tomography (CT) scans revealed extensive pulmonary
infiltration, enlarged intra-abdominal lymph nodes and bilaterally enlarged kidneys,
with a renal biopsy showing infiltration by T-cell lymphoma. Two courses of
intravenous combination chemotherapy were given (PROMACE protocol). This
cleared the renal and intra-abdominal disease but had no effect on either the
pulmonary or bone marrow infiltrates. A subsequent blood count showed
haemoglobin 12.0g/l, platelets 248 x 109/1 and a white cell count o f 13.6 x 109/1 of
which 6.5 x 109/1 were atypical lymphoid cells. Bone marrow aspirate showed 40%
malignant lymphoid cells and a subsequent CT scan showed extensive pulmonary
infiltration, a large paracardiac lymph node but no intra-abdominal disease. The
patient died of the malignancy within 2 years of presentation.
In this laboratory Dr. Karpas isolated PBMC from the patient for culture.
Three flasks were seeded one with only the patient's PBMC and the other two co
cultivated with cord white blood cells (w.b.c.) from two different umbilical cords
(Karpas personal communication). The two co-cultivated samples continued to
proliferate and were examined by EM. These showed HTLV-like particles (Karpas
personal communication) and most cells in these cultures were also shown to express
a high level of viral antigens, which were detected by patient sera and monoclonal
antibodies raised against Gag protein of a Japanese isolate of HTLV-I (Karpas
personal communication).
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3.5

Results

3.5.1

Southern Blot Analysis

DNA was isolated from the MT-2 cell line which was transformed by a
Japanese strain o f HTLV-1 (Miyoshi et al. 1982), a cell line transformed by a strain of
HTLV-1 isolated from an ATL patient of Caribbean origin designated Karpas 1010
(Malik et al. 1988) as well as from the cord T-cells transformed by HTLV-1 from a
Caucasian case o f ATL designated Karpas 1682. These DNA preparations were
digested with several restriction enzymes then run out on a 1% agarose gel before
Southern blotting as described (section 2.2.3). The resultant blot was then probed
using 32P radioactively labelled HTLV-I DNA from the Hs35 subtype o f HTLV-1
plasmid clone (Malik et al. 1988). Labelling was performed as described (section
2.2.4).
After digestion with restriction endonuclease EcoRI that does not cut within
the prototypic HTLV-1 proviral sequence, a single faint band was observed within the
1682 lane (lane 5). This contrasts with MT-2, the HTLV-1 producing cell line, which
has many integrated copies and produces a ladder under the same conditions (lane 4).
The one band observed for 1682 was characteristic o f integrated HTLV-1 and was of a
height around lOkb. This indicates a clonal infection at one integration site which is
the expected pattern for an ATL case (Yoshida et al. 1984). The specificity of the
probe is indicated by a lack o f hybridisation to a pool of similarly digested donor
genomic DNA, again isolated from w.b.c. (lane 3). A small amount of HS35 plasmid
was also run on the gel as a positive control (lane 2), see figure 3.3.
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F ig u re 3.3

HTLV positive Southern blot

A: 1% agarose gel o f genomic DNA digestions prior to blotting, lanes are as in B.

1

2

3

4

5

6

B: Genomic blot probed with radioactively labelled HS35. Lanes 1 and 6 1Kb
ladder, lane 2 HS35 positive control, lane 3 normal donor genomic DNA, lane 4 MT2
genomic DNA, lane 5 1682 genomic DNA. All samples were digested with EcoRI.

10Kb
<

1

2

3

4

5

4Kb

6

The Southern blot shown above (Figure 3.3) illustrates integrated HTLV-I within
1682 genomic DNA. Lane 5 shows one clear band indicative o f integrated virus, the
linear positive control plasmid is also indicated (lane 2).
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3.5.2

PCR Analysis of LTR

In order to type the virus more accurately RFLP was performed using
restriction endonucleases Apal, Ndel, S ad and DraL This resultant data was
ambiguous due to the very faint nature of the bands on the Southern blot. Therefore
the next step o f PCR amplification was undertaken. The PCR primers were selected
to amplify the LTR and ENV regions o f the virus as these areas are shown to harbour
the greatest sequence variation (Nerurkar et al. 1995).
PCR was performed using several sets of primers until the primer set that
amplified the whole o f the LTR region was chosen i.e. primers LTR 1 and LTR 4.
The PCR conditions and primer sequences are given in the materials and methods
(section 2.2.7.2). A band o f expected size 750-760 bp was observed for the entire
LTR region, illustrated in figure 3.4 below. The positive control plasmid HS35 was
also PCR amplified as well as genomic DNA from the cell line MT-2. These also
showed bands o f a similar height corresponding to the entire LTR region. No band
was observed when these primers were used on normal genomic DNA isolated from
blood donors screened for HTLV antibodies, this is shown as the negative control and
demonstrates the primer specificity.

Figure 3.4

PCR products from 1682 for both the complete LTR region and partial

env region. Lane 1 BM VI size marker {Roche), lanes 2-5 LTR 1 and 4 primers, lanes
6-9 ENV 1 and ENV4 primers, lanes 2 and 6 negative controls (normal genomic DNA
from PEL), lanes 3 and 7 HS35, lanes 4 and 8 MT-2, lanes 5 and 9 1682.

<---------- 1053
<--------- 653

9 8 7 6 5 4 3 2

1
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The band was then gel purified (section 2.2.9) and sequenced using the automated
method described (section 2.2.11.5). The resultant sequences are given (Figure 3.5).

Figure 3.5

Complete LTR sequence of 1682, bases differing from ATK-1 are
shaded

1

U3

60
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120
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180
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U3

240

TCATAAGCTCAGACCTCCGGGAAGCCACC^GAACCACCCATTTCCTCCCCATGTTTGTC
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300
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R
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T G T T C T G C G C C G gT A C A G A T C G A A A G T §C C A C C C C T T T C C C T T T C A T T C A C G A C T §A C T G

661
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_
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CC G G CTTG G CCCACG G CCAAG TACCGG CG ACTCCG TTG G CTCG G AG CCAGCGACAG CCCA

721

U5

758

t| ctatagcactctccaggagagaaaggtagtacaca

Following homology searches using BLAST (Altschul et al. ) it was clear that this
sequence was in fact very similar to other LTR regions from FITLY-1. In order to
subtype the particular isolate several alignments were performed and an example is
presented below (Figure 3.6).
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Figure 3.6: Sequence alignment of LTR region. The isolated sequence is indicated in bold (1682). The
prototypic sequence ATK-1 is given across the top. Matching bases are denoted with a dash (-).
Deletions for alignment are denoted by (A). Details of sequence abbreviations are given in a separate
table.
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701
ATK-1

758

CTCGGAGCCAGCGACAGCCCATCCTMAGCACTCTC/SAGGAGAGAAMTTAGTACACA
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QU2
HS-35
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CRI
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Abbreviation

HTLV Subtype

Region

Accession number

ATK-1

Ia(B )

Japan

J02029

1682

la (A)

Greece/UK

This thesis

QU2

la (A)

Peru

Y16476

HS-35

la (C)

Caribbean

D00294

MT-2

la (A)

Japan

Z31660

MT-4

la (B)

Japan

Z31661

CR1

la (A)

Caribbean

K02722

IT IS

lb

Democratic Republic of Congo

Z32527

pyg 19

Id

Central African Republic

L76310

MEL5

Ic

Solomon Island

L02534
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A table illustrating the percentage differences from prototypes of each HTLV-1 strain
is also presented (Table 3.1). This data is using the complete LTR region but the
greatest variation is seen in U3 and U5 with the R region being more highly conserved
within strain types. From this data the subtype of virus could be slotted into the
Cosmopolitan type A. The greatest homology was to an isolate from Peru (QU 2)
with some minor differences noted. In order to investigate this further the ENV
region was also analysed.

Table 3.1 Percentage differences within the LTR sequence o f strain 1682 and various
known HTLV-1 sequences.

HTLV
Abbreviation

Percentage
Region

Accession Number

Subtype

difference from

QU2

la (A)

Peru

Y 16476

0.1

MT-2

la (A)

Japan

Z31660

0.3

ATK-1

la (B)

Japan

J02029

2.5

HS-35

Ia(C )

Caribbean

D00294

3.3

ms

lb

Congo

Z32527

5.4

pygl9

Id

CAR

L76310

5.3

MEL5

Ic

L02534

9.0

Solomon
Islands
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3.5.3

PCR Analysis of ENV

ENV sequence was PCR amplified in a similar manner to the LTR region. See
earlier (Figure 3.4). An expected band size was obtained with 1682 and the control
HS35 o f around 700bp within the env region. The bands were gel purified and the
sequence determined. The complete sequence is listed below (Figure 3.7).

Figure 3.7

Partial ENV DNA sequence (C term of gp46 and N term of gp21) of

1682, bases differing from ATK-1 are shaded
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ENV was aligned with various subtypes an example is shown in figure 3.8 and
confirmed the alignments with the LTR region. This placed the virus firmly in the
Cosmopolitan subtype with the closest homology to members of the Cosmopolitan A
subtype.

Figure 3.8

Alignment o f 1682 ENV sequence (C term of gp46 and N term of

gp21) with several examples o f HTLV subtypes. ATK1 sequence is given across the
top. Identical matches are given by a dash (-), the 1682 sequence is given in bold and
deletions are indicated with (A).

60

i
ATK1

CCTCAATATTAATCTCCATTTTTCAAAATGCGGTTTTCCCTTCTCCCTTCTAGTCGACGC

G - - .... - ..................... ..........................

1682
MT2

------------------------------------------------------ G --------------------------------------------------------------------------------

SP

------------------------------------------------------ G --------------------------------------------------------------------------------

HS 3 5

------------------------------------------------------------------------------------T --------------------------------------------------

MT4

------------------------ ----------------------------------------------------------------------------------------------------------------

EL

-----------------------------------------------------------------------------------------------------------------------------------------

MEL 5

----------------------------------------------------------------------------------C ---------------------------------------------- T ' ~

ATK1

TCCAGGATATGACCCCATCTGGTTCCTTAATACCGAACCCAGCCAACTGCCTCCCACCGC

1682

C............................ - .....................................................

120

61

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

-----------------------------------------------------------------------------------------------------------------------------------------

MT4
EL

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

MEL 5 A - - C ---------------------------------------- C --------------------------------------------------------

-C

T-

180

121
ATK1

1682

CCCTCCTCTACTCCCCCACTCTAACCTAGACCACATCCTCGAGCCCTCTATACCATGGAA

-

............................

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

-----------------------------T ------------------------------------------- T -----------------------------------------------------------

MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

-----------------------------------------------------------------------------------------------------------------------------------------

MEL 5

----------------------------------------------- C ------ T ----------------------------- T -------------------------------- G

-

73

-

Chapter 3

Characterisation o f HTLV-I from a Caucasian ATL patient

181

240

ATK1

ATCAAAACTCCTGACCCTTGTCCAGTTAACCCTACAAAGCACTAATTATACTTGCATTGT

1682

- ..................................................................................

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

--------------------------------- T ----------------------------------------------------------------------------------------------------

MT4

---------- ----------- -------------------------------------------------------------------------------------------------------------------

MEL 5

---------------------------------------- G -------------C ----------------------------------------------------------------T -----------

241
ATK1

300

CTGTATCGATCGTGCCAGCCTCTCCACTTGGCACGTCCTATACTCTCCCAACGTCTCTGT

1682

A .....................................................................................................

MT2

A ---------------------------------------------------------------------------------------

SP

----------------------------------------------- A ---------------------------------------------------------------------------------------

HS 3 5

----------------------------------------------- A ---------------------------------------------------------------------------------------

MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

----------------------------------------------- A -------------------------------------- G ---------------------------------------------

MEL 5

--C

A ----------------- T -----------G ---------- C ------------------------ G --------------------------- A -----------A -

301

360

ATK1

TCCATCCTCTTCTTCTACCCCCCTCCTTTACCCATCGTTAGCGCTTCCAGCCCCCCACCT

1682

- ..................................................................................................................

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5 ---------------C ----------------------------------------------------------------------------------------------------------------------MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

-----------------------------------------------------------------------------------------------------------------------------------------

MEL 5

---------------------------------------- T ----------------- C -----------------

T ------------------

361

420

ATK1

GACGTTACCATTTAACTGGACCCACTGCTTTGACCCCCAGATTCAAGCTATAGTCTCCTC

1682

................................................................................................................................................................

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

-----------------------------------------------------------------------------------------------------------------------------------------

MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

-----------------------------------------------------------------------------------------------------------------------------------------

MEL 5

------------------- G -------------------------T ------------------------------- T ----------------------------------------------------

-74-

Chapter 3

Characterisation o f HTLV-I from a Caucasian ATL patient

421
ATK1

480

CCCCTGTCATAACTCCCTCATCCTGCCCCCCTTTTCCTTGTCACCTGTTCCCACCCTAGG

1682

- ..................................... - ........................................................................ G - -

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

--------------------------------------------------------------------------------------------------------------------------- G -----------

MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

------------------------------------------------------------------------------------------------------------- C -------------------------

MEL 5

------------------------------------------------------------------------------------ C --------------- C -----------GG------ C - C -

481
ATK1

540

ATCCCGCTCCCGCCGAGCGGTACCGGTGGCGGTCTGGCTTGTCTCCGCCCTGGCCATGGG

1 6 82

- .................

-

MT2

-----------------------------------------------------------------------------------------------------------------------------------------

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

---------------------------------------- A ----------------------------------------------------------------------------------------------

MT4

-----------------------------------------------------------------------------------------------------------------------------------------

EL

------------ T -------------------------A ----------------------------------------------------------------------------------------------

MEL 5

------------ T --------------------------------G -------------------------------------- A ---------------------------------------------

541
ATK1

600

AGCCGGAGTGGCTGGCGGGATTACCGGCTCCATGTCCCTCGCCTCAGGAAAGAGCCTCCT

1682

-

-

MT2

------------ G --------------------------------------------------------------------------------------------------------------------- T -

SP

-----------------------------------------------------------------------------------------------------------------------------------------

HS 3 5

------------------------------------- A ------------------------------------------------------------------------------------------------

MT4

------------------------------------A --------------------------------------------------------------------------------------------------

EL

---------------A ------------------------------------------------------------------------------------------------ G --------------------

MEL 5

-A

ATK1

ACATGAGGTGGACAAAGATATTTCCCAGTTAACTCAAGCAATAGTCAAAAACCACAAAAA

G A -T -------------A ------------------------------------------------------------------------------------ T -----------

601

1682

660

C.....................A.....................................................................................

MT2

------------------------------------------------------------- A -------------------------------------------------------------------------

SP

------------------------------------------------------------- A -------------------------------------------------------------------------

HS 3 5

------------------------------------------------------------- A -------------------------------------------------------------------------

MT4

--------------------------------------------------------------- C -----------------------------------------------------------------------

EL

------------------- A -------------------------------------- A -------------------------------------------------------------------------

MEL 5

------------------- A -------------------------------------- A ---------- C ---------------------------------------T ------------------

-75-

Characterisation o f HTLV-I from a Caucasian ATL patient

Chapter 3

661
ATK1

700
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Limited phylogenetic analysis was performed using the Env region sequence as there
was not many sequence differences noted and only a limited number o f Env sequences
available with corresponding LTR. An exmple o f a tree formed using these sequences
is given below and placed 1682 Env into the la A subtype. Presented is a neighbour
joining horizontal phenogram with numbers representing percentage bootstrap support
for branches. For accession numbers for sequences see Table 3.2.

59
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(Japan)

MT4
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----------------- HS35
----------------- MEL5
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3.5.4

Phylogenetic analysis of the LTR region
In order to confirm the DNA sequence alignments trees were constructed using

the Phylip software package. The LTR sequence was chosen in preference because of
the higher percentage o f differences between the subtypes gives a more precise
classification. It was demonstrated that 1682 clustered in the Cosmopolitan la subtype
using this limited number o f HTLV subtypes. The most common unrooted tree using
the maximum likelihood method is presented below (Figures 3.9). Using the LTR
region the la subtype could be more accurately subdivided and this meant that the
1682 sequence clustered well within the type A subgroup that corresponds to a
transcontinental variant. The abbreviations and accession numbers are listed in a table
below (Table 3.2).

Table 3.2: HTLV-1 subtypes used for tree formation.

Name

Subtype

Geographical
Origin

Accession Number

1682

la A
la A
la A
la A
la A
la A
la A
la A
la B
la B
la B
la B
la B
la C
la C
la D
la D
lb
lb
Ic
Id

Greece/UK
Japan
USA
Peru
Brazil
Brazil
Japan
Taiwan
Japan
Japan
USA
Japan
Japan
Caribbean
Ghana
Algeria
Mauritania
Zaire
Cameroon
Solomon Islands
Central African
Republic
Cameroon

This thesis
Z 31660
K 02722
Y 16476
X 88871
X 88876
D 23694
X 88872
J 02029
Z 31661
U 19949
J 02030
M 37299
D00294
D 23693
U 12804
U 12805
Z 32527
L 76308
L 02534
L 76310

MT2
CR1
QU2
AMA
MAQS
AINU
CMC
ATK1
MT4
ATL-YS
ATM
H5
HS35
GH78
BO
OD

ms
H24
MEL5
pyg

19

H23

Id

-77-

L 76312

Chapter 3

Figure 3.9

Characterisation o f HTLV-I from a Caucasian ATL patient

Maximum likelihood tree rooted at MEL5 isolate derived from

complete LTR sequence. In this horizontal phenogram, vertical distances are only for
clarity and do not represent homology.

MEL5 (Solomon Islands)
Pyg 19 (CAR)
GH78 (Ghana)
H S35 (Caribbean)
- BO (Algeria)
OD (Mauritania)
— ATM (Japan)
— M T4 (Japan)
— ATK1 (Japan)
H5 (Japan)
— A TL-Y S (USA)
A M A (Brazil)
M T2 (Japan)
CR1 (USA)
- A IN U (Japan)
f

CMC (Taiwan)
— Q U 2 (Peru)
L M AQS (Brazil)

I— 1682 (Greece/UK)
H 24 (Cameroon)
IT IS (Zaire)
H23 (Cameroon)
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Figure 3.10

Maximum likelihood unrooted tree derived from complete LTR
sequence

la B
la A

la D

1682

la C

M EL5
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Figure 3.11

Neighbourhood Joining tree including an STLV 1 sequence, with

bootsrap support for LTR sequence. Numbers represent percentage bootstrap support
for branch.
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3.6

Discussion

HTLV-1 and its related diseases, ATL and TSP/HAM, are a major health
problem in certain regions o f the world. Further study into this virus and its genome
should aid our understanding o f its pathology and give us an insight into Leukaemia in
general. By studying the virus subtype in unusual cases, such as the one presented
here in a Caucasian woman, our knowledge of this virus will increase. Subtyping may
reveal new strains o f virus that could have altered infectivity and so take hold in new
geographical areas.
ATL is unusual as a leukaemia since no specific chromosomal mutation or
translocation has yet been associated with the disease. However chromosomal
aberrations are common in ATL tumour cells (Kamada et al. 1992) and further
analysis of tumour cases using chromosome painting or comparative genomic
hybridisation may help in the determination of progression factors.
It is clear that Tax is important in the transformation o f T-cells and has
influence on T-cell growth and function via the induction o f the NF kB pathway. In
particular growth is stimulated by the up-regulation of IL-2 production as well as GMCSF. However Tax also influences cellular growth with the induction o f numerous
other factors that could aid oncogenesis. Another notable observation is the down
regulation o f {3-polymerase, leading to a lower level of DNA repair. This in turn will
lead to an increase in chromosomal abnormalities and is a plausible mechanism of
progression.
It seems clear however that due to the relatively low risk o f developing disease
after infection (less than 5%) that other co-factors must be important. There is
probably a genetic element giving a predisposition to progression, however other
possibilities include other bacterial or viral infections possibly even Human
Endogenous Retroviruses. Strongyloides stercoralis and hypereosinophila possibly
delay onset (Plumelle et al. 1997), therefore other infections may also play a role.

The Cosmopolitan subtype is the most globally widespread HTLV-I and
contains the largest number o f isolated viruses. The 1682 isolate sequence presented
here differs only very slightly from a previous isolate (QU 2) from Peru (Van Dooren
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et al. 1998) and may in fact be the same strain. This strain has been subtyped as la (A)
(the transcontinental variant) and from the data presented 1682 also falls within this
group.
The discovery o f a case of ATL in a Caucasian patient presenting in a non
endemic country indicates the potential for further spread of this pathogenic virus. To
our knowledge all previous cases of HTLV-I infection in the UK can be traced back to
endemic areas either by direct travel or via relationship with someone from an
endemic area, usually Afro-Caribbean or Japanese origin where the virus is most
prevalent. It is our understanding that this patient had no direct contact with an
endemic area and as such indicates that the Cosmopolitan strain may be spreading into
Western Europe. A recent case of a virus subtype related to Romanian cases was also
reported in Germany (Ellerbrok et al. 1998) indicating a possible pocket o f HTLV in
central Europe. A pocket of infections may also exist in Southern Italy (Manzari et al.
1985). This evidence supports the continued screening of blood donors throughout
Europe to help prevent new infections and keep track of the rates o f spread within
Europe and in particular in the UK, where testing has not yet been routinely
implemented.
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Chapter 4:

Isolation and Characterisation of Two
Novel HERV fragments

The aim o f this chapter was to isolate novel HERV sequences using
degenerate PCR primers and the screening o f human libraries. Then to
determine their phylogeny. An approximate copy number was also
obtained. Two novel sequences were analysed in detail, further
sequence information was obtained by screening a human PAC library.
The phylogeny o f these elements was then determined by sequence
analysis o f their p o l region. This meant that the novel elements could
be placed into their respective families. This chapter illustrates the
number o f undiscovered HERV present in the genome and their
potential biological activity is discussed.

4.1

HERVs

A revision o f the nomenclature used to describe HERVs is currently underway,
but at present a variety o f mechanisms are used. One well adopted method is to utilise
the primer binding site (PBS) of the LTR, this PBS is complementary to human
tRNA. The one letter code representing the amino acid corresponding to this tRNA is
then taken as the H ERV s name, for example HERV-K would contain a PBS
complementary to human tRNAlysme, this is then followed by a number for each
HERV within the group. This nomenclature however does have some problems as
some retroviral sequences do not have a determined PBS. A second problem is that
some sequences with the same PBS are highly divergent, an example being the
families primed by tRNAIle that contain both HML5 and RRHERV1 (Tristem 2000).
Another attempt to classify HERVs is by their homology to exogenous retroviruses
Class I being those related to mammalian type C retroviruses, Class H being those
related to mammalian type B or D retroviruses and a putative Class III being those
related to the spumaviruses. Other nomenclature has been more haphazard, for
example relying on nearby genes e.g. ADP-pol (Lyn et al. 1993) or clone number e.g.
S71 (Werner et al. 1990). Recent screening of the human genome (Tristem 2000) has
led to greater than 150 HERV members being documented, grouping by phylogeny
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into at least 22 groups. 17 o f these groups were designated as Class I, three as Class II
and two as Class IE. In this chapter more historical nomenclature is used.

4.1.1

Class I HERV

Class I HERVs have homology to mammalian type C retroviruses by p o l sequence
comparison.
The HERV-ERI superfamily, are a family of closely related elements by
hybridisation back to genomic DNA, their LTR and env sequences differ and they
have different primer binding sites but are all closely related. The LTR and env
regions diverge fastest for infectious viruses and so give a good indication of
relatedness (Shimotohno et al. 1985; Doolittle et al. 1989). The name ERI is used, as
the PBSs o f the first members o f the group were complementary to the human
Glutamic acid, Arginine and Isoleucine tRNAs.
The 4.1 (HERV-E) group is so named as the first elements isolated from this
group were clones 51-1,4-1 and 4-14. They were isolated by cross-species genomic
library screening. African Green monkey DNA was analysed by cross hybridisation to
MLV, a portion o f this clone was highly related to the gag-pol region of BaEV, which
was then used to screen a human genomic library (Martin et al. 1981), following the
work o f Benveniste in 1974. Clone 4-1 contained a full length HERV (8.8kb), with
gag-pol-env bound by 490bp LTRs (Repaske et al. 1985). The PBS was homologous
to rat glutamic acid tRNA (Steele et al. 1984), so the element was called HERV-E
(Larsson et al. 1989). HERV-E LTR sequences were also identified in the human
genome (Steele et al. 1984) and these are thought to occur from the recombination of
two LTRs from an original full length HERV.
Clone 51-1 contained an almost complete gag and po l with 85-93% homology
to 4-1 (Repaske et al. 1983). 51-1 (6kb) had no env region and was bound by novel
repeat structures o f 72-76bp tandemly repeated 8-13 times, with no similarity to
retrovirus LTRs. These repeats seem to be unique (Steele et al. 1984).
The copy number o f both 51-1 and 4-1 elements is 35-50 and they are found
associated with regions of amplified DNA (Steele et al. 1984). Conserved restriction
sites were detected in the 3 ’ flanking elements (Steele et al. 1984) and DNA to the 5’
was used as a probe to isolate multiple distinct clones o f the family (Repaske et al.
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1983). On Southern blots bands not corresponding to a single chromosome were
observed illustrating that these clones are dispersed throughout the genome (Steele et
al. 1986). Clusters o f clones were seen in telomeric and to a lesser extent centromeric
regions o f chromosomes when mapped by in situ hybridisation (Taruscio et al. 1991).
The characterisation o f the amylase gene family led to the discovery o f a
cluster of HERV-E elements. There is a series of tandem duplications yielding five
functional amylase genes. Three genes were expressed in the salivary gland and two
in the pancreas. The full length HERV-E were called ERVA1A-1C and were found
800bp 5’ to each salivary gland gene in the opposite transcriptional orientation. There
was also a solo LTR (ERVA2A) 5’ to one of the pancreas genes (Samuelson et al.
1990). Insertion o f full length HERV-E activated a promoter that directed tissue
specific expression o f the genes. Parotid specific regulatory sequences were found in
5’ regions o f the HERV-E elements at this locus and explain why deletion of pro viral
sequence by LTR-LTR recombination reverted to pancreatic expression (Ting et al.
1992). HERV-E was important in the evolution of this gene family, in the
chimpanzee version there are less genes and it seems there are further duplications in
humans (Samuelson et al. 1990). This finding illustrates how amplifications
involving endogenous retroviruses can lead to species differences.
HERV-E members have been found in Old World monkeys, apes and humans.
4-14 was also found in the same location in all by PCR (Shih et al. 1991) and was
integrated at least 25 million years ago (Sibley et al. 1987). This clone was amplified
in the same region o f DNA in humans and chimpanzees (at least 5million years ago)
(Sibley et al. 1987). Polymorphisms within humans are not detected and HERV-E is
therefore an ancient and stable part of genome now (Steele et al. 1984; Taruscio et al.
1991). Successive integrations into the germ line probably occurred and some HERVE was dispersed as single elements (Taruscio et al. 1991) as well as a divergence of
LTR sequences from different clones. The average genetic drift is 5-10% by
comparison o f 5’ and 3 ’ LTRs within a single full length element (Repaske et al.
1985) and the observed HERV-E variation is greater than this suggesting that different
isolates integrated at different stages in evolution and are now preserved.
Clone 4-1 has been completely sequenced (Repaske et al. 1985) and in frame
stop codons were found in each o f the coding regions. Expression o f 4-1 has been
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studied in various tissues and cell lines this is detailed in the next Chapter (section
5.1.1). Protein products however have not been reported.

Hs5 is a HERV that was isolated from a human library by hybridisation to
FeLV 3’ pol, env and LTR sequences (Levy et al. 1990). It has a distinctive map that
is largely deleted with only V p o l and env identified (Levy et al. 1990). All o f the Hs5
coding regions are disrupted. These identified regions are 77% homologous overall to
4-1. The highest homology is for a fragment of LTR that is 80% homologous to a
solitary HERV-E LTR (LTRpdhB).

NP-2 was found by using HERV-E pol regions as probes and was shown to be
related by hybridisation (Silver et al. 1987). NP-2 has a 3’ LTR plus gag, p o l and env
related regions. The HERV-E related cloning site is excluded along with the 5’ LTR
and some gag. l.lk b has been sequenced and has 73% homology with 4-1 env and
decreasing homology with other members of HERV-ERI group was seen. The only
two elements found were on the Y chromosome and were associated with similar
flanking sequences suggesting duplication. No transcripts were seen in normal testis,
lung, colon and pancreatic carcinomas (Silver et al. 1987).

Another HERV, ERV1 was isolated by hybridisation to a chimpanzee p ol
fragment with homology to BaEV (Bonner et al. 1982). A group o f clones from
18q22-23 (O'Brien et al. 1983; Renan et al. 1987) contained a retroviral element
named ERV1 that had been there for at least 5 million years (Sibley et al. 1987) and
could be older since there was cross hybridisation to ERV1 in Old World monkeys.
ERV1 has gag, p o l and env-related sequences as well as a putative 3 ’LTR, but the
5’LTR was deleted and the PBS was not characterised (Bonner et al. 1982). O f the
area sequenced, the most homology was to BaEV, 4-1, ERV3 and RRHERV-1. With
low stringency cross hybridisation as many as 15 related elements are seen in the
human genome (O'Brien et al. 1983), any expression is doubtful.
ERV3 (HERV-R) is a single copy element that was isolated by hybridisation to
a chimpanzee clone with V pol, env and a BaEV LTR (O'Connell et al. 1984). It
spans 9.9.kb on chromosome seven and contains gag, p ol and env-related regions
flanked by 590bp LTRs (O'Connell et al. 1984), the PBS being most closely related to
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tRNA for arginine. The Southern blot clearly shows only a single band, but 10 or
more bands if lower stringency conditions are employed (O'Connell et al. 1984).
HERV-R is also detected in Old World monkeys (but not gorillas) and a related
element is seen in New World monkeys (Shih et al. 1991). The LTRs and env have
been sequenced as well as some of the other genes, gag and p ol show a close
homology between HERV-R, ERV1 and clone 51-1 of HERV-E (O'Connell et al.
1984). Env is related to RRHERV-I with 68% homology over more than 2kb (Kannan
et al. 1991). Gag and pol are disrupted by mutations with stop codons in the ORFs,
but have homology to retroviral proteins (O'Connell et al. 1984). HERV-R expression
is discussed in the next Chapter (section 5.1.2). HERV-R is the only element with
homology to BaEV LTR. Others have been isolated but not characterised (Noda et al.
1982) as there are 10 bands on a genomic blot it is assumed there is a family o f about
10 and HERV-R is one of this family. ERV-3 has now been studied more closely
showing variable expression patterns in different human tissues (Larsson et al. 1997;
S ibataetal. 1997).
RRHERV-1 was isolated inadvertently by PCR (Kannan et al. 1991), HERV-R
was used to probe a teratocarcinoma cell line (from PA-1) and an RNA transcript was
detected, with several other clones being subsequently isolated from a cDNA library.
A 3.3kb composite was named RRHERV-I and appears to be assembled from several
cDNAs (Kannan et al. 1991). It has homology with the env o f HERV-R and 4-1 and
the LTR o f ERV1. It is primarily expressed as a spliced subgenomic mRNA and
hybridised to a 4kb transcript on a northern blot (Kannan et al. 1991). Termination
codons are present in the putative env and there are an estimated 20 copies present in
the human genome, with a similar number in Old World monkeys making the virus
over 25 million years old.

The expression of spliced transcripts may be indicative o f host adaptations
limiting the release o f infectious virions from endogenous elements (Wilkinson et al.
1993). Another theory is that env may have adapted to serve some cellular function
(Larsson et al. 1994). The low homology in env and LTR shows the different stages
o f evolutionary lineage o f the ancient exogenous retrovirus and periodical fixation
within the host genome.
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Other Class I elements show a lower level o f homology than HERV-ERI
elements do to type C retroviruses or the other retroelements, but still have a
significant homology.

RTVL-I (HERV-I) was discovered during analysis o f a haptoglobin-related
locus on chromosome 16 (Maeda 1985), it is a 9kb element containing 500bp LTRs as
well as gag, pol and env related regions (Maeda et al. 1990). The PBS is
complementary to the tRNA for isoleucine, hence the name RTVL-I (retrovirus-like)
also known as HERV-I. Three separate HERV-I insertions seem to have occurred.
After the evolutionary divergence of humans and chimpanzees a region containing one
of these elements and a haptoglobin-related gene was deleted (McEvoy et al. 1988;
Maeda et al. 1990). In humans the elements are located within the first intron o f the
gene and in the 3’ flanking region and the elements are called RTLV-Ia and RTLV-Ic.
la is integrated in the same location in Old World monkeys, lb is only present in
chimpanzees. All three have been sequenced (Maeda et al. 1990) and no expression
was reported. There are several termination codons and short deletions present in the
elements, the internal 3' region o f la has an inserted Alu element, the 5 ’LTR and gag
of Ic are deleted and the remaining region has two Alu insertions (Maeda et al. 1990).
This region o f genomic DNA has homologous but unequal recombinations, for
example the third haptoglobin-related gene in primates and its deletion in humans
(Maeda et al. 1990). There are up to six tandemly repeated copies of this gene
described (Maeda et al. 1986). The HERV-I elements could be directly involved in
these duplications. There is also a solitary HERV-I LTR associated with another
region of genomic variation, the minisatellite region lq42-43 (Armour et al. 1989). A
partial LTR was identified in the 5’ regulatory sequence of a cytochrome ci gene and
may be involved in the regulation of transcription (Suzuki et al. 1990).

An element named ADP-pol was isolated by its proximity to the ADPribosyltransferase (NAD+) pseudogene on 13q34. A 1.5Kb portion with homology to
pol was identified with the greatest homology to HERV-I but this element was
defective (Lyn et al. 1993).
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S71 was isolated when simian sarcoma-associated virus (SSAV) was used to
screen a human library (Leib Mosch et al. 1986). S71 is a single element found on
18q21 (Brack Werner et al. 1989) and has been present in all individuals tested so far
(Leib Mosch et al. 1986; Brack Werner et al. 1989). Under low stringency about 20
sequences related to S71 are noted on a Southern blot (Leib-Mosch et al. 1992).
These sequences are present in Old but not New World monkeys. Sequenced, short
direct repeats are used to delineate the element composed of retrovirus-related and
unrelated sequences. The 5.4kb HERV contains gag and p ol regions and ends in a
535bp 3’LTR with 400bp at the 5’ end plus l.lk b between gag and pol. This l.lk b
was initially thought to have no retroviral homology but later it was found that almost
this entire region is a solitary HERV-K LTR in antisense (Leib Mosch et al. 1993).
The gag and p o l regions are disrupted with mutations, a deletion has removed the
protease and RT regions o f p ol and there is no 5’ LTR or putative env. The element is
related to SSAV, but also equally related to BaEV and MuLV with the RNase H
region having homology with SSAV of 60% over 156 residues (Werner et al. 1990).
There is one short ORE o f 167 amino acids at the 5’ end ofgtzg.
Hybridising transcripts were also seen in the leukaemia cell line K562, a
prominent 2.9kb transcript and minor 2.5, 3.6 kb transcripts (Leib-Mosch et al. 1992).
The transcripts were not detected in normal PBMCs or in several other cell lines
tested, however a cDNA containing 350bp related to the 3’ end o f S71 was isolated
from a human placental library (Leib-Mosch et al. 1992).

HRES-1 (HTLV-I related endogenous sequence-1) was isolated by screening a
library with HTLV-I LTR and gag sequences (Perl et al. 1989). Eight clones were
isolated and one was characterised in detail. Under high stringency a single fixed
locus of lq42 was determined (Perl et al. 1989; Perl et al. 1991). This was
homologous in Old and New World monkeys but not other mammals. One other
similar element was noted and named HRES-2 (Perl et al. 1991). 5’ LTR and gag
related regions are present in HRES-1 (Perl et al. 1989), a 684bp LTR is followed by a
PBS (12/18) o f chimpanzee histidine tRNA. The gag consists of 2 overlapping ORFs,
only one o f which has detectable homology with other retroviral sequences and this
homology is low and limited to two short stretches o f amino acids. One region is at
the amino terminal (31aa) and shows a 32% and 39% homology to p i 9 o f HTLV-I
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and II respectively. The other is 36aa in the middle o f gag and shows a 25% and 28 %
homology to p24 o f HTLV-I and II respectively, as well as a 33% homology with the
HIV-2 gag region. A 6kb transcript containing gag-related sequences was seen in the
polyadenylated RNA of several cell lines for details see the next Chapter (section
5.1.5). Antisera directed against HTLV picked up a 28kD protein that corresponds to
an HTLV-related ORF, the protein was intracellular and cytoplasmic, with some seen
in nuclear bodies (Banki et al. 1992).

HERV-P families all contain a PBS corresponding to the tRNA for proline. A
genomic library was screened by one group with an oligonucleotide that extends past
the PBS to the conserved CA, defining the end o f the LTR. Several bases o f proviral
homology were also added with close matches to retroviral and not tRNA sequences
(Kroger et al. 1987). Another group end labelled 3’ fragments o f purified proline
tRNA to screen a genomic library and identified retroviral hybrids by digesting with
RNase A during screening, thus removing the unbound CCA tail (and radiolabel) of
the probe bound to the tRNA clones (Harada et al. 1987). By these methods 3
different families were found, distinguished by LTR sequences, and were called
HuERS-Pl, -P2 and -P3. Two HuERS-Pl were isolated Pl-1 o f about 8kb and P l-2
of 7.5kb (Harada et al. 1987). The elements were sequenced including the 690bp LTR
and an Alu sequence was found in the 5’ LTR o f Pl-2. Also an internal Pl-1
fragment was shown to have homologous elements in Old World monkeys but not
mice and a copy number o f about 10-20 (Harada et al. 1987).
A single HuERS-P2 was isolated, it contained 890bp LTRs flanking 3.2 kb,
the LTRs were not related to PI and P3 and large regions were deleted. The internal
region had a related element in Old World monkeys but not mice, 20-30 elements
appear present in humans (Harada et al. 1987).
Both groups isolated several P3 (Harada et al. 1987) and HuRRS-P elements
(Kroger et al. 1987), one complete element was reported and two partial elements
containing primarily LTR sequences (Harada et al. 1987; Kroger et al. 1987). The full
element was 8.1kb with 630 bp LTRs. Over 145 residues a 62% amino acid
homology with RT o f MuLV was noted, but P3 had in frame termination codons. The
P3 LTR fragment has related sequences in apes, Old and New World monkeys, but
not mice (Harada et al. 1987). Using the gag and env regions there appears to be 20-
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40 related elements present (Kroger et al. 1987) and the internal regions are largely
uncharacterised.

ERV-9 was the first element isolated in a family, ERV-9 consists o f three 95bp
tandem repeats at the 5’ end of a cDNA coding for a protein with zinc-finger-related
domains (Pannuti et al. 1988). These repeats are commonly associated with other
short repeated sequences, they are highly recurrent in the human genome and appear
unrelated to other repeats. Expression is seen in the teratocarcinoma cell line
Ntera2Dl and is down regulated by retinoic acid induced differentiation (La Mantia et
al. 1989).
A complete retroelement sequence called pHE. 1 has been isolated with gag,
pol and env related sequences. The env region is partially deleted as well as the 5’
terminus o f the clone although the gag is complete the sequence is disrupted by
mutations (La Mantia et al. 1989). pHE.l is most related to BaEV with the pol being
54% similar over 1340bp and env being 62% similar over 300bp. There are 40 related
sequences seen by p o l hybridisation on a Southern blot and they appear to be present
in other primates but not rodents (La Mantia et al. 1991). It is estimated that 3,0004,000 related solitary LTRs are also present in the genome. pHE.l pol sequence was
used to isolate other members, one of which was called X Fix 1.1 with exceptionally
long 1.8kb LTRs flanking a 6kb sequence, this element contained the PBS for arginine
tRNA (La Mantia etal. 1991). The 5’ and 3’ LTRs bear 90% similarity and have two
types of novel repeats, they differ from the LTR sequence of the initial isolate in the
number o f repeats giving an important source o f heterogeneity (La Mantia et al. 1991).
An 8kb transcript was detected in undifferentiated Ntera2Dl and was downregulated
when differentiation was induced by retinoic acid (La Mantia et al. 1991). Other
transcripts were noted in placenta, but leukaemic and carcinoma cell lines were not
analysed. ERV-9 segments were PCR amplified from glioma RNA including an
immunosuppressive region o f env (Lindeskog et al. 1993). Spliced RNAs o f 1.5 and
2kb that remove most o f the internal sequence were noted in Ntera2Dl (Lania et al.
1992). Deletion analysis o f the promoter of ERV-9 LTRs showed that repeat
sequences are not essential for transcription from the LTR (La Mantia et al. 1992).
The LTR lacks a TATAA sequence and has an unusually short R region o f 6bp, the
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promoter may be regulated by Spl binding and another protein interacts with an
initiator-like element -7 to +6 from the transcription start site (La Mantia et al. 1992).

RTLV-H (HERV-H) was the first member o f this group to be isolated, it was
found near to the 3 ’ breaks of three large deletions in the (3-globin gene (Mager et al.
1984; Mager et al. 1985). The PBS matched human histidine tRNA hence the name.
The majority o f HERV-H sequences are approximately 5.8kb and contain gag and pol
sequences flanked by 400 to 500bp LTRs (Mager et al. 1984). They are similar to
retrotransposons as they lack env sequences, so are sometimes grouped with
retrotransposon-like elements. These are actually derivatives o f less abundant
retrovirus-like elements with gag-pol-env sequences. There are approximately 1000
HERV-H elements per human haploid genome and a similar number o f solitary LTRs
(Mager et al. 1984). A similar number are found in apes and Old World monkeys, but
not in rodents (Goodchild et al. 1993). In situ hybridisation studies show the elements
are widely dispersed within the genome, with clusters at lp31 and 7q31 (Fraser et al.
1988). The locations seem to be fixed, although two siblings carried an allele where
the element had deleted leaving only LTR-LTR (Mager et al. 1989). Sections of gag
are 50% similar to BaEV p30 and 55-61% similar to the NC o f retroviruses in HTLV
phylogeny. In p ol the closest homology is to MLV at 40-50% depending on the
domain (Mager et al. 1987). The majority o f HERV-H elements contain four shared
deletions termed A, B, C, D that remove a lot o f the functional pol, an undeleted
element however has been detected (Hirose et al. 1993). A HERV-H element was
also identified with a partial env. This had the highest homology with the TM of a
type D retrovirus with 40% amino acid homology over 240 residues (Hirose et al.
1993). PCR was also used on an immunosuppressive region leading to the isolation
o f env from HERV-H (Lindeskog et al. 1993). HERV-H is transcribed in many cell
lines for details refer to Chapter 5 (section 5.1.7). Some intact HERV-H contain
ORFs greater than Ikb in p o l and/or env regions (Hirose et al. 1993; Wilkinson et al.
1993). There are three subtypes o f LTRs associated with HERV-H (Goodchild et al.
1993; Wilkinson et al. 1993), these are closely related in R, the U5 regions and the
first 130bp o f U3. The rest of U3 contains different tandemly repeated sequences that
distinguish each LTR type (Goodchild et al. 1993; Wilkinson et al. 1993). Types I
and II are most abundant and are ancient, with several hundred copies in humans, apes

-92-

Chapter 4

Isolation and characterisation o f two novel HERV fragments

and Old World monkeys. A third subtype la, formed from a recombination o f I and H
(Goodchild et al. 1993; Wilkinson et al. 1993) is not found in Old World monkeys but
has a copy number o f 100 in humans and higher primates (Goodchild et al. 1993).
The different subtypes have functional differences in their promoter activity (Feuchter
et al. 1990). In general I and II have little or no promoter activity in most cell lines,
and when assayed in CAT (chloramphenicol acetyltransferase) construct transfection
experiments, type la have stronger promoter activity (Feuchter et al. 1990). Other
cellular sequences, apparently promoted by HERV-H LTRs, have been isolated
(Feuchter et al. 1992). A chimeric cDNA was isolated from a library o f two prostate
metastasis-derived cell lines and is a spliced fusion between HERV-H and an exon of
calbindin gene, which is expressed at the protein level (Liu et al. 1991). This leads to
deregulation of calbindin expression and may have a role in malignancy.

Five members of a group designated XA34-XA38 ERV were isolated by using
an ERV-9 probe on a human glioma library (Widegren et al. 1996). The largest
element (XA38 ERV) was 4kb long extending from the central part o f pol covering a
truncated env. These elements seem to have a low copy number and show greatest
homology to RTLV-H.

Recently several novel families have been isolated by searching the human
genome databases (Tristem 2000). This has resulted in five new Class I families
HERV-Rb, HERV-F, HERV-Fb, HERV-Z69907 and HERV-HS49C23. HERV-F and
HERV-Fb are closely related to each other and to RTLV-H. The HERV-F element is
8.7Kb containing gag, p ol and env related sequences, it is present on X p ll .3-4, exists
with a low copy number and only encodes short ORFs. HERV-Fb may exist at higher
copy numbers as two elements were isolated. HERV-Rb again exists as a low copy
number. A complete element containing LTR-gag-poZ-ewv-LTR within 8.7kb was
characterised and is most closely related to FRO. This element probably doesn't
encode any gene products and was found on 4q25. As the LTRs were not found the
next two groups were given the designations of the cosmids that encoded them. A
HERV-Z69907 element was characterised on 22ql 1.2 with gag, p o l and env regions,
however the pro was deleted and the env was largely deleted. The homology for this
element was variable. The final family HERV-HS49C23 had its most complete
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element on the X chromosome, it was highly defective and there were no LTRs
present.

A retrovirus that has been associated with multiple sclerosis has been isolated.
Initially called LM7 and later referred to as MS-associated retrovirus (MSRV). RTPCR was used to isolate p ol sequences (Perron et al. 1997). This element has now
been further characterised and placed within the HERV-W family. A complete
element of this was isolated via its expression in placental tissue with intact regions in
gag, pol and env (Blond et al. 1999). More recent work has shown that a protein
expressed from HERV-W named syncytin is in fact involved in placental
morphogenesis (Mi et al. 2000). Syncytin seems to have been adopted by the genome
for the purpose o f inducing the formation of syncytiotrophoblasts. This demonstrates
the potential for endogenous retroviral expression and true biological activity within
the human genome.

Three HERV-sequences were isolated from purified T47-D particles (Seifarth
et al. 1995). These particles are type B in appearance but two o f the isolated
sequences, ERV-FRD and ERV-FTD, are derived from pol sequences from defective
Class I endogenous viruses. This data suggests that these type B particles are in fact
packaging sequences originating from several endogenous retroviruses. More recent
analysis of the FRD family (Tristem 2000) has led to the isolation of further elements
and in fact this family appears to be one of the oldest in the genome.

4.1.2

Class II HERV

Class II HERVs have homology to exogenous mammalian retroviruses of type B or D.

As mentioned above three retroviral sequences were isolated from the T47-D
cell line. The third sequence ERV-MLN (Seifarth et al. 1995) was related to HERVK10 (described later in this section) and is a Class II HERV. This was a multicopy
family and can be grouped with the HERV-K family. Later investigation led to the
discovery o f a PBS for tRNAlysine and therefore the name HERV-KT47D was accepted
(Seifarth et al. 1998).
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HERV-K is the most well described member o f this Class. It was originally
isolated by cross-hybridisation to murine mammary tumour virus (MMTV) /?o/-region
probes. By using a gag-pol probe many related elements were seen by Southern
blotting in humans (Callahan et al. 1982; Deen et al. 1986; Ono et al. 1986). The
prototypic element is 9.5kb long bound by 970bp LTRs and contains a PBS for lysine
tRNA (Callahan et al. 1985; Ono et al. 1986). Homology to MMTV is restricted to
the pol region with a high homology here of up to 70% in some regions (Callahan et
al. 1985; Deen et al. 1986; Ono et al. 1986). Homology with Class II squirrel monkey
retrovirus (SMRV) LTRs was seen by cross-hybridisation, other regions o f homology
were also seen with avian RSV, murine LAP and SMRV (Callahan et al. 1985; Ono et
al. 1986). There are approximately 50 copies of HERV-K in the human haploid
genome (Callahan et al. 1985; Deen et al. 1986; Ono et al. 1986). Some expression
occurs and transcripts o f various sizes are seen for details refer to the next Chapter
(section 5.1.8).
A member o f this group, HERV-K10, has very few mutations in its coding
regions (Ono et al. 1986). The gag region contains only one frameshift and the env
region has one non-sense mutation. The protease region is intact encoding 344 amino
acids, the pol region encodes 937 amino acids, with a 290bp deletion removing the C
terminal and some o f the N terminal of env. The 5’ and 3 ’ LTRs are almost identical
with only two nucleotide differences over 968bp. All of this implies a relatively
recent insertion o f HERV-K 10.
HERV-K related sequences have been found in great apes and Old World
monkeys but not in more distant species. These sequences are dispersed throughout
the genome but are found at fixed and largely conserved locations in both humans and
apes implying more ancient integration (Horn et al. 1986; Marianna-Constantini et al.
1989). There is an insertion in chimpanzee that is not present in human showing that
the retrovirus was active after human-chimpanzee divergence (Craigie 1992). There is
evidence that some elements are associated with tandemly repeated genomic
sequences (Horn et al. 1986) and one (NMWV IE) is specifically rearranged in some
breast carcinoma cell lines (May et al. 1989).
As well as full length HERV-K, up to 25,000 solitary HERV-K LTRs are
present in the human genome and these are expressed as parts of cellular transcripts in
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a variety o f tissues (Leib Mosch et al. 1993). This copy number doesn’t include the
repetitive SINE-R family as the probe used can distinguish between the two groups of
elements (Ono et al. 1987). A few have been isolated and are derived from LTR-LTR
recombinations (Kambhu et al. 1990; Liu et al. 1990; Leib Mosch et al. 1993). These
LTRs show non-random distribution (Leib Mosch et al. 1993) implying that the DNA
amplification mechanism was not HERV-K retrotransposition, also two HERV-K
related loci were noted on Xq28 within 160kb of each other (Sedlacek et al. 1993). It
is suggested that HERV in general may tend to associate with recombination hot
spots, evidence supporting this includes HERV-K LTRs association with HLA-DQ
(Kambhu et al. 1990) and SINE-R association with the complement C2 VNTR locus
(Zhu et al. 1992).

Several other Class II HERV have been isolated. 100 clones were isolated and
divided into 9 groups by p o l cross-hybridisation, the largest group of 64 being closely
related to HERV-K (Franklin et al. 1988). Another researcher used PCR to isolate
245bp fragments o f RT (Medstand et al. 1993), leading to six groups named HML-1
to HML-6 on sequence comparison. HML-2 was found to be approximately 90%
identical to HERV-K. The most divergent was HML-6 which was 55-60% identical
to HERV-K group or MMTV and was more closely related to LAP (Medstand et al.
1993). Southern blot studies showed that HML-1, 2, 3 and 6 were the most abundant
with 60-80 copies per human genome, RNA expression was shown in several tissues
(Medstand et al. 1993).
Rearrangements within HERV lead to heterogeneity, these are commonly
deletions (Deen et al. 1986; May et al. 1986; Ono et al. 1986). They can also differ in
LTR sequence, e.g. a 6kb element containing 430bp LTRs has been isolated called
NMWV4. It had a lysine tRNA PBS, but the codon was UUU not CUU as with other
HERV-K (May et al. 1986).
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4.1.3

Class III HERV

More recently several HERVs have been isolated that show sequence
homology to foamy viruses rather than type C or type B or D exogenous viruses,
hence these have been denoted as Class EL The HERV-L group fall into this Class.
HERV-L was first isolated in 1995 (Cordonnier et al. 1995) from placental RNA.
Further analysis revealed it to be related to foamy virus and that around 100 copies are
present in the genome. The expressed region was a large portion o f pol. Earlier this
year (Tristem 2000) identified a further Class HI family named HERV-S, the longest
member of which was found on the X chromosome. This element is 6.7kb in length
with no major gene products able to be expressed due to multiple stop codons and
frame shifts. This family is most closely related to HERV-L and seven elements were
found in the 7% o f the genome screened.

4.1.4

Other HERV

Retrovirus-like particles have been detected in human sources not known to be
infected by virus, e.g. placenta (Dirksen et al. 1977; Johnson et al. 1990), milk (Moore
et al. 1971; Vaidya 1973), breast cancer biopsies (Axel et al. 1972), monocytes from
myeloproliferative disease (Boyd et al. 1989), multiple sclerosis patients (Haahr et al.
1992), breast cancer cell lines (McGrath et al. 1974; Keydar et al. 1984) and
teratocarcinoma cell lines (Boiler et al. 1983; Bronson et al. 1984; Lower et al. 1987).
Retrovirus-related antigens have also been detected from other similar sources but
since an infectious retrovirus was not shown with these particles they appear to be
encoded by HERV. Some were encoded from a single HERV, but others were
encoded by complementation and by one or more families. Rare functional ERV
elements within a family o f defective elements have been discovered in the genomes
of other species (Reeves et al. 1984) and also among the retroelements in humans
(Matera et al. 1990; Dombroski et al. 1991; Deininger et al. 1992).
There may be other HERV families yet to be elucidated as PCR has yielded
different RT related sequences (Bangham et al. 1988; Shih et al. 1989; Medstand et al.
1993) of great variety. However only Class IIH M L groups (Medstand et al. 1993)
were identified by the analysis o f RT-PCR fragments (Shih et al. 1989; Wichman et

-

97

-

Chapter 4

Isolation and characterisation o f two novel HERV fragments

al. 1992). Hybridisations with Mason-Pfizer monkey virus implies a distantly related
element in humans that is yet to be isolated (Barker et al. 1985).
HERV elements that are closely related to exogenous human retroviruses have
also not yet been successfully isolated, for HTV the attempt was wholly unsuccessful
(Horwitz et al. 1992) and only small segments related to HTLV-I have been found
(Mager et al. 1987; Perl et al. 1989).
A HERV with proposed structure similar to murine sarcoma virus on the basis
o f hybridisation was also noted (Zabarovsky et al. 1983; Chumakov et al. 1985), but
analysis of its LTR-U5 implied that it was Alu derived.
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4.2

RESULTS

4.2.1

PCR

The reverse transcriptase region was chosen as a primary screen due to its
presence only in retroviral sequences. This region had also been successfully
employed by others for HERV isolation and was found to have the greatest homology
across the HERV families (Tristem 1996). The other alternative was the retroviral
LTR which is also viral specific but this region is highly divergent and creates
problems in designing primers. There are also many LTR only elements present in the
human genome and these may have been amplified.
Primers were designed to cover the majority o f the p o l region o f most HERVs.
This was done by sequence alignment of numerous HERVs from different classes as
well as other retroviral pol sequences, including exogenous retroviruses. Several
other groups have performed similar alignments (Xiong et al. 1990) and this has led to
the establishment o f seven regions within the reverse transcriptase. Using this
designation a conserved domain can be seen in region five, which incorporates either
the YMDD or QYVDD at the amino acid level o f all retroviruses. A second region
for the reverse primer was chosen that shows significant conservation, this region
corresponds to the protease active site and contains the LDTGA domain. This results
in a PCR product containing the majority o f the reverse transcriptase sequence
(domains 1-5) as previously reported (Tristem 1996).
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Alignment of various retroviral sequences around the primer sites

Figure 4.1

Retrovirus

Protease Domain

Reverse Transcriptase

Accession Number

MuLV

QPVTFLVDTGÂOH

D L IliliQ Y V D D tllL A A

NP040333

MoMLV

QPVTFLVD.TGAOH

ERV-9 (pHE.l)

q e id f l b d t g a a f

g t l v l 'q y v d d l l 'l a t

X57147

HERV-W

OEVNCIitiDTGÀAF

DTLVLQYVDDLL'LVA

AF009668

RTLV-I (HERV-I)

ELITFLVDSGAAC

q l c è l 'q ÿ v d d i -l ' i s g

M92067

ADP.pol

EKMTFLVDTGVAC

ETQ IitiQ Y yD D litil SG

L14752

4-1 (HERV-E)

k d i d f l v d t s Ae h

GCVLL’QYVDDIiL'LGH

M10976

HERV-K10

k q fe g l v d t g Adv

DCY’M -HY-IDD FllCAA

M14123

BLV

NOALMLVDTGflEN

QSLLVSYMDDI-L'IAS

AAF97917

NC001501

For degenerate primer production iosine was used to represent any base, the
actual sequences used are given in Capter 2 (section 2.2.7.1). These pairs o f primers
corresponded to the MLV (murine leukaemia virus) group, a universal group that
demonstrated cross type amplification and a more specific to HERV pair o f primers.

Using the degenerate primers PCRs were performed on a pool o f genomic
human DNA extracted from PBMC. PCR conditions were as described (section
2.2.7.1). Resultant PCRs were run on 0.8% agarose gel and resulted in major bands of
around 800bp and 600bp. Several other bands were also present (Figure 4.2). Arrows
indicate the 2 major bands.

Degenerate Primer HERV PCR

Figure 4.2

12

3

4 5 6

7 8 9

10 11
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Lane 1 OX Haelll digest, lane 2 1Kb ladder, lanes 3-5 primer A, lanes 6-8 primer nA,
lanes 9-11 primer B, lanes 3, 6 and 9 primer C2, lanes 4, 7 and 10 primer MLV, lanes
5, 8 and 11 primer U.

Expected band sizes from the alignments were around 800bp. Therefore these
bands were gel purified in preference. However several other bands were observed
corresponding to shorter amplified sequences. These could have been due to partial
pol sequences that are incorporated in the genome or may in fact be due to mis
printing. This is possible as degenerate primers were used at a relatively low
annealing temperature.

4.2.2

Cloning and Selection

The desired amplified band was gel purified using the Qiagen gel purification
kit in preparation for cloning. The inserts were ligated into pCR2.1 plasmid from
Invitrogen using T4 DNA ligase. This plasmid system utilises a feature o f Taq
polymerase, which leaves a 3' A overhang on all amplified products. Therefore the
plasmid incorporates a 5' T overhang allowing sticky end ligation o f PCR products.
Competent E. coli cells were then transformed, as described earlier (section 2.2.6),
with the ligation products and the transformants selected by growth on ampicillin
plates. The ampicillin resistance is conferred by the plasmid backbone, therefore any
untransformed bacteria die. A second selection is by the use o f X-gal driven
blue/white colour, when the vector contains an insert the P-galactosidase gene is
interrupted. This results in there being no active p-galactosidase so the X-gal
substrate cannot be broken down. However in the re-ligated plasmid without insert pgalactosidase is produced, the X-gal substrate is cleaved and a blue colour is released,
therefore these colonies appear blue. Only white colonies were picked, then grown
and the plasmids isolated as detailed (section 2.2.5).
These clones were digested using the restriction endonuclease EcoRI that
releases the insert from the plasmid backbone. A gel photograph o f some positive
clones is illustrated below; the arrow indicates a size o f 800bp (Figure 4.3). The
positive clones were then re-amplified using the degenerate primers to check the
specificity o f the insert.
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EcoRI Digest of Clones

Lanes 1 and 6 1Kb ladder, lanes 2 and 3 HERV1 clone, lane 2 EcoRI digest, lane 3
undigested. Lanes 4 and 5 HERV2 clone, lane 4 EcoRI digest, lane 5 undigested.

The next stage was to sequence the inserts using both the -40 forward primer
and the rev reverse primer, -10 and +10 primers were also used to obtain more
sequence information. These primers were all present on the vector and as such could
be used to sequence all inserts; details of the primers are given earlier (section
2.2.11.6). A figure illustrating the various sequencing methods used is shown below
(Figure 4.4).
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Figure 4.4 Sequencing o f retroviral
clones.

T h

-■ ?:*•
* ■

.1

sy
1

i

A: A n exam ple o f manual sequencing
B: A n exam ple o f sin gle stranded D N A
preparation for sequencing

;

C: A n exam ple o f an electrophoreogram
from an automated sequencing run.
y
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Over 500 clones were sequenced in this way yielding a surprising number o f
nonsense sequences. These candidates were narrowed to around 35 sequences that, on
further analysis, could be grouped into 12 different sequences. O f these 12 with some
homology to known retroviral pol sequences two had very high homology yet
appeared novel and were chosen for further study. Homology was determined by
BLAST searching (Altschul et al. 1990).

These sequences named HERV1 and HERV2 are given below (Figures 4.5 and 4.6).

Partial HERV1 Sequence

Figure 4.5

1
60
ctcg tcg a ta ccg g a g cta ctta ctg ca q tctccca ca g tcta tcg g cccta cctg ttg a
L V D T G A T Y C S L P Q S I G P T C 61
120
tca g a a ttg tccg ttg ttg g a ctcg a tg g g cttg tttg g tg ccca tg g g cta ca ca a cta
S

E

L

S

V

V

G

L

D

G

L

V

W

C

P

W

A

T

Q

L

121
180
ttcg tttg cg a g cta a g g a a ca ca g ccttca g tca ttccttcctcg tta tg cca ca ctg t
F

V

C

E

L

R

N

T

A

F

S

H

S

F

L

V

M

P

H

C

181
240
cca tcccca cttcttg g a a g a g a ta tcctca ca a a g ca ca ccccttcca cca ca g ca ta t
P

S

P

L

L

G

R

D

I

L

T

K

H**?
P

L

P

P

Q

H

I

241
300
a ctcg ttg ca a ca ca g ctca a tcca g a tg tttg g g a ta ca a tca g tccca g tctcctcg c
L

V

A

T

Q

L

N

P

D

V

W

D

T

I

S P S

I

I A

301
360
ag ca g a tctcacaata cagcttaagtcca aggcatttccccaagttca ataccccatccc
A

D

L

T

I

Q

L

K

S

K

A

F

P

Q

V

Q

Y

P

I

P

361
420
cg a a ca cg cca ca a a a g g g ctca a a cccg tcg ccca a a g a ctca a g ca g tccg g a cta a t
E

H

A

T

K

G

L

K

P

V

A

Q

R

L

K

Q

S

G

L

I

421
480
aa g a cca tcca a ttca cca ta ca a ca ca cca a ta ctcccca ta a a g a a g tccg a tg g a tc
R

P

S

N

S

P

Y

N

T

P

I

L

P

I

K

K

S

D

G

S

481
540
a ta ta g g ttg g tcca g g a ccta a g a g tta tca a cca g g ca cttg a g cca g ttca tcccg t
Y R L V Q D L R V I N Q A L E P V H P V
541

600

cg tccccg a ccca ta ta cccttca ca tctctctca tctcctcca a ca cca ccca cta ca c
V

P

D

P

Y

T

L

H

I

S

L
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601

660

tg ca a ttg a a cta a a a g a tg ccttcttca cca ttccccta ca ctctg a ttccca a a c* * ct
A

I

E

L

K

D

A

F

F

T

I

P

L

H

S

D

S

Q
P

?
N

661

L

720

ctttg ctttca cctg g a ctg a a a a cg a ca ccttcca g tca ca a ca a ctca ca tg g a cta t
F

A

F

T

W

T

E

N

D

T

F

Q

S

Q

Q

L

T

W

T

721

I

780

tctccctca a g g ca ttca g g a ta g ccttca tttcttca g g ca a g tccta g ccca a g a cct
L

P

Q

G

I

Q

D

S

L

H

F

F

R

Q

V

L

A

Q

781

D

L

835

tg cctcctta a a cctttccccta g cca tcttcttca a ta cg tcg a cg a cctcct
A

S

L

N

L

S

P

S

H

L

L

Q

Y

V

D

D

L

** Denotes a putative deletion.
? Denotes a putative frame shift.
- Denotes a stop codon.
A theoretical translation is given.

Figure 4.6 Partial HERV2 Sequence

1
60
cttg ta g a ta g cg g cg ctg cttg ta g ctca g tctg tttcctg cctcctg g cg ta a cttg t
L

V

D

S

G

A

A

C

S

S

V

C

F

L

P

P

G

V

T

C

61
120
a g c tca g a a g a g c tca tcctta g cg g g cttg a g g g cg a g g g g ttta a g g cg a a g a ta ctt
S

S

E

E

L

I

L

S

G

L

K

G

E

G

F

K

A

K

I

L

121
180
g a g a g ca ccg a g g tta g a ta tca a g a cca ta g ta ctca tcttca g ttctttctg ctg a ta
E

S

T

E

V

R

Y

Q

D

H

S

T

H

L

Q

F

F

L

L

I

181
240
cca g a a g ctg g ca ccca ctta cta g g g a g a g a cctca tg ctttg a cg tcca tg ta a ca cc
P

E

A

G

T

N

L

L

G

R

D

L

M

L **-

R

P

C

N

T

241
300
ccaatactgccagtcaagaacagacgggtcataccggctagtacaggaccttagagctat
P I

L

P

V

K

7

T

D

G

S

Y

R

L

V

Q

D

L

R

A

I

301
360
ca a cca a a ta g tcca g a cta ccca cccca ttg tccca g tcctta ca cca ttctta a g ca a
N

Q

I

V

Q

T

T

H

P

I

V

P

V

L

T

P

F

L

S

K

361
420
g a tccca ta ta a tca tca a tg g ttta ctg ta a ta g a tttg a a g g a tg cttttg g ca tg tc
I

P

Y

N

H

Q

W

F

T

V

I

D

L

K

D

A

F

G

M

S

421
480
G G tg g ctg a a g a ca g cg a ta ta tttg cttttg a a tg g g a g g a tcG G ca G tca g g g cg g a a
L

A

E

D

S

D

I

F

A

F

E

W

E

D

P

H

S

G

R

K

481
540
a ca a ca a ta tca a tg g a tg g tcttg cctca a g g g ttca ca g a ttccccta a tctttttg g
Q

Q

Y

Q

W

M

V

L

P

Q

G
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541

620

ccaaattttagaacaagtactagaaaa agttgtcatcccagaacaaatatgccttcttcag
Q

I

L

621

E

Q

V

L

E

K

V

V

I

P

E

Q

I

C

L

L

Q

635

tacatggacgaccg

Y M D D
** Denotes deletion.
? Denotes hypothetical frame shift.
- Denotes a stop codon.
A theoretical translation is given.

In order to confirm the presence o f these sequences in the genome a Southern
blot o f normal genomic DNA was performed. This was then probed with
radioactively labelled HER.VI or HERV2 insert. N o bands were present after short
exposure but if the blot was exposed to film for a long period (2weeks) a smear
containing at least 2 bands was observed. An example for HERV1 is presented below
(Figure 4.7).

Figure 4.7

Genomic Blot Probed by HERV 1

10Kb

1Kb

The genomic D NA was digested with EcoRI and at least 2 bands are visible. Size
indicators are given by arrows.
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Probe specificity was demonstrated with the use o f vector plasmid sequences
and a positive control o f a small amount of insert run. However the signal was very
weak for both HERVs and in particular for HERV2 (data not shown) indicating a low
copy number within the genome. BLAST searches o f the databases also revealed no
isolated sequences with a great enough homology to indicate other closely related
members o f a similar family implying that these sequences are present at low copy
number. PAC screening as detailed below however revealed numerous hybridising
sequences that gave a better indication of copy number. Further investigation will
reveal the true copy number within the human genome in particular as the human
genome project releases further sequence information.

4.2.3

PAC screening

To obtain further sequence data from the isolated HERVs a human PAC library was
screened.
A human genomic library was obtained from the HGMP as spotted filter
arrays. The library was formed as BAC PAC clones. The PAC library used was
RPCI11. Pieter de Jong and his group at the Roswell Park Cancer Institute in Buffalo
constructed this library. The vector is pCYPAC2. The DNA source is a normal male
blood donor and the average insert size 110Kb. The library consists o f approximately
120,000 clones in 314 384-well microtitre plates with 25% o f the clones lacking insert
(loannou et al. 1994; loannou et al. 1996). The whole genome is represented at least
twice within this library.
HERV inserts were gel purified and radioactively labelled by random priming.
These labelled probes were then hybridised to the spotted filters and positive pairs of
spots determined (Figure 4.8 A and B).
After the elimination o f known false positives, due mainly to inserts
containing repeat DNA sequences, around 30 positive clones were chosen from the
filter arrays. Due to the reported covering of the genome twice in this library a copy
number o f less than 5 for each element over the whole genome can be assumed.
These 30 clones were ordered from the HGMP and the PACs isolated as
described (section 2.2.14). These PACs were digested with numerous restriction
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endonucleases then run on 0.8% agarose gels. (Figure 4.8 C). The gels were then
Southern blotted and probed using the labelled H ERV fragm ents (Figure 4.8 D and
E). This led to the selection o f clones w ith positive bands o f 2-5kb. The m ost
prom ising candidates w ere digested and run on agarose gels again for gel purification.

Figure 4.8

PAC Screening

A

B

IT

*

*#

c

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

*

*

24 25

*

#
*
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Figure 4.8:
A: Southern blot using HERV2 probe against PAC grid
B: Southern blot using HERV1 probe against PAC grid
C: BamHI digest o f selected PAC clones
D: Southern blot o f BamHI digests of PAC clones probed with HERV1
E: Southern blot o f BamHI digests of PAC clones probed with HERV2

1 to 23 inclusive various BamHI digested PAC clones, 24 1Kb ladder {Gibed), 25 X
Hindm digest.

The most promising digests are shown (Figure 4.8). BamHI digestion o f clone
27K22 led to the release o f a band of 3.8Kb corresponding to a band that hybridised
strongly to the HERV sequence HERV 1. A digestion with BamHI o f 26J 13 led to the
release o f a band o f 2.7Kb that hybridised strongly with HERV2. These bands were
subsequently gel purified and cloned into bluescript. The ligation was performed by
utilising the cohesive 5’ overhangs created from the enzyme digestions. Again a
blue/white screen was performed to isolate clones containing inserts. The entire insert
was then sequenced from both ends initially; the sequencing was completed by primer
walking along the insert. The resultant sequences are given below.

Sequence of HERV 1

Figure 4.9
i

a ccttttca tcg a a ccctg a ta ttta ca tca a ca g g ctca a g a a cctg tccca a tcca cc
T

F

S

S

N

P

D

I

Y

I

N

R

L

K

N

L

S

Q

S

T

61
a a a ctctcttg g ca tg a ta tcta tg tta tcctctcg a a ta ctctg cta cccca g a a g ca t
K

L

S

W

H

D

I

Y

V

I

L

S

N

T

L

L

P

Q

K

H

121
ag attg aaa a g a a a a g a ctg g a ttg ccg ca ca g g cttg cg a a tg a tccg ca a g ca ca ctg
R

L

K

R

K

D

W

I

A

A

Q

A

C

E

-

S

A

S

T

L

181
cccta tta g g ca ca ca g a g g ctg ttg ttcca ttcta g g ta ta tctcttccg a g a g ttccc
P

Y

-

A

H

R

G

C

C

S

I

L

G

I

S

L

P

I

V

P

241
actcacaggcctga accgg gtgtcgcataactaca tgaccacattccttacctacgcgct
T H R P E P G V A - L H D H I
P Y L R A
301
G ag (HER)
ta g ta a ca ctg tcca ta tg g a tg ta a ta ttg a a a g cg tca a g a g g ctg tctca g cg g g cg
- H C P Y G C N I E S V K R
L S
Q R A
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361
Gag (MHR)
g a ta a g a a tcca a ccg ca tttccctctca ctta a cg g a a g cg ttg g a a a g a ta ta ccca c
D K N P T A F P S H L T E
A L E R Y T H
421
g tcg a cccta cctcg ta g g ccg ctccg ctg ctg a ca ta tg g cg ta a g ctca a g a g cg ttg
V D P T?L V G R S A A D I W R K L K S V
481
a a g a ta cccctca g a ctcctg a a cg ta a cctg ctta a tttg g ctctca a a g tta tctcca
E D T P Q T P E R N L L N L A L K V I S
541
a ca g g g a tca g ta g a a tta a ttcg a ta ta g cccctg g a ccttg tg ccta g ta ca a g cb tc
N R D Q - N
F D I A P G P C A - Y K L
601
tcg ctg ca tcca tttg cca a ccca ctctg g ctg tcca g g g a ca ca a tcg a cccta ta cca
L A A S
I
C Q P T L A V Q G H N R P Y T
661
ttta cccg cca g g a ccttg ttcta a g tg ttcca a a ca a g g cca ctg g g cg a g a a cttg cc
I Y P P G P C S K C S K Q G H W A R T C
721
cta tg ca a tg a ttcccta a g a cctcttg tcctccttg cca g ta a a ctcg ta a g g ca g g ct
P M Q
F
P K T S C P P C Q
T R 7 G R L
781
ccta a a cg g cttg g ca a a a tg ta g ca g tcca a g tg tta g tcg ca g tcccg ctctg cta g t
L N G L A K C S S P S V S R S P A L L V
841
ccta tcca ca g a g g a tta a ctg a g ca ca g g g cctcca g tccca tca g tcttca ctg ta tc
L S T E D
L S T G P P V P S V F T V S
901
P rotease
a g a g cctcg cg ta a ccctctta a tg g g a g g tta g cca g tcta tttcctcg tcg a ta ccg g
E P R V T L L M G G
P V Y F
L V D T G
961
a g cta ctta ctg ca q tctccca ca g tcta tcg g cccta cctg ttg a tca g a a ttg tccg t
A T Y C S L P Q S I G P T C - S E L S V
1021
tg ttg g a ctcg a tg g g cttg tttg g tg ccca tg g g cta ca ca a cta ttcg tttg cg a g ct
V

G

L

D

G

L

V

W

C

P

W

A

T

Q

L

F

V

C

E

L

1081
ca g g a a ca ca g ccttca g tca ttccttcctcg tta tg cca ca ctg tcca tcccca cttct
R

N

T

A

F

S

H

S

F

L

V

M

P

H

C

P

S

P L L

1141
tg g a a g a g a ta tcctca ca a a g ca ca ccccttcca cca ca g ca ta ta ctcg ttg ca a ca c
G

R

D

I

L

T

K

H **?P

L

P

P

Q

H

I

L

V

A

T

1201
a g ctca a tcca g a tg tttg g g a ta ca a tca g tccca g tctcctcg ca g ca g a tctca ca a
Q

L

N

P

D

V

W

D

T

I

S P S

I

I

A

A

D

L

T

1261
ta ca g ctta a g tccaa gg catttccccaa gttca ata ccccatccccga aca cg cca caa
I

Q

L

K

S

K

A

F

P

Q

V

Q

Y

P

I

P

E

H

A

T

1321
[
D o m a in l
aa g g g ctca a a cccg tcg ccca a a g a ctca a g ca g tccg g a cta a ta a g a cca tcca a tt
K

G

L

K

P

V

A

Q

R

L

K

-

Q

110

-

S

G

L

I

R

P

S

N
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13 81
D o m a in l
] [
D o m a in 2
ca cca ta caacacaccaatactccccataaagaagtccgatggatcatataggttggtcc
S

P

Y

N

T

P

I

L

P

I

K

K

S

D

G

S

Y

R

L

V

1441
D o m ain 2
a g g a ccta a g a g tta tca a cca g g ca cttg a g cca g ttca tcccg tcg tccccg a ccca t
Q D L R V I N Q A L E P V H P V V P D P
1501

]

[

D o m a in s

a ta cccttca ca tctctctca tctcctcca a ca cca ccca cta ca ctg ca a ttg a a cta a
Y

T

L

H

I

S

L

I

S

S

1561

N

T

T

H

Y

T

A

I

E

L

D o m a in s

a a g a tg ccttcttca cca ttccccta ca ctctg a ttccca a a c* ctctttg ctttca cct
K D A F F T I P L H S D S Q ?
L F A F T
1621 ]
[
D o m a in 4
g g a ctg a a a a cg a ca ccttcca g tca ca a ca a ctca ca tg g a cta ttctccctca a g g ca
W T E N D T F Q S Q Q L T W T I L P Q G
1681
D o m a in 4
ttca g g a ta g ccttca tttcttca g g ca a g tccta g ccca a g a ccttg cctcctta a a cc
I
Q
1741]

D

S

L

H
[

F

F

R

Q

V
L
A
D o m a in s

Q

D

L

A

S

L

N

tttccccta g cca tcttcttca a ta cg tcg a cg a cctccttcttta ta g a cca g cca ta a
L S P S H L L Q Y V D D L L L Y S
P A I
18 01 ] [
D o m a in s
a ca tctcccg a a ctca ca ctg g ca ca cttttg ca tctcctta cg a a ta a a g g tta ca g a a
N I S R T H T G T L L H L L T N K G Y R
1861
D o m a in s
]
[
D o m a in ? ]
tctctco ta ta a a g ca a ca g ca ttca a ccccta a cg cg a ccta cttg g g cg ta cca cg ct
I S P I K Q Q H S T P N A T Y L G V P R
1921
ctccca tg tca cg a g cca tg a ctccg g ta tg g tca g cta ta tta g a ca g ccta a ctcca c
S P M S R A M T P V W S A I L D S L T P
1981
cctcttta a a g ta cta a a ta ctttca ttttta g g tcta tca g g ca ttcta a a g g ta tg g a
P S L K
I L S F L G L S G I L K V W
2041
ttccg a g cttca ctccccta g ca ca g ccg ctcta ta a a a ca g cg a a g g g cccca g cca ta
I
P S
F T P L A Q P L Y K T A K G P S H
2101
ta ctcg ta a a ctccta a ca ta cca ta ctcg ccta cttccg g cg a ctcca a a tca ccctcc
I L V N S
H T I L A Y F R R L Q I T L
2161
tca ccg ca cccg ctttg ttccta ccca a cg tctccca a cca ttta ctttcta tcctg cca
L

T

A

P

A

L

F

L

P

N

V

S

Q

P

F

T

L

Y

P

A

2221
a a a a ta g ccta a g a a ta g cg cttg g ta tca tttca ca g ca g a a g ta g a a tcctccta ctt
K K S L R I A L G I L S Q Q K - N P P T
2281
tctctcccg ta tcta g cctg tctg a tca a ttg a cca a tca cg tca a a g g ttg g ccctg ct
F

S

P

V

S

R

L

S

D

Q

L

T

N

H

V

K

G

W

P

C

2341
g ta tta ctg ta ctg ca ca cg ctg ca cttcta g cccta ca g a g ca a g a tg ca ca ctttca g
C I
T V?T A H A A L L A L Q S K M H S F S
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2401
c c ta a a tg ca a cta tcttca g tcca ca ca a ttta tg tg tcctttcca g tg a a g ca ttg a g
L N A T I F S P H N L C V L S S E A L S
2461
ttctg ctcca ccca g cg a g a ttca a ttg ctcca cg cccttttta tta a a g a tccca a g tt
S V P P S E I Q L L H A L F I K D P K ?
2521
ttg ca tg g cca g a a g tg ttctcctca g ccca g ca tcctta ctccctg ca tcctcg tccct
L H G Q K C S P Q P S I L T P C I L V P
2581
tctta ctctttca ttca ttg a tg tccttg a cctcg a g ca g cctca cttccca g a ca tctc
S Y S F I H - C P - P 7 E Q P H F P D I S
2641
ctctg a g a g tcttg cta a ccccg a tg a cca g cttttca ttg a tg g ctcta cttcca g g cc
S E S L A N P D D Q L F I D G S T S R P
2701
a g ca cg ctaa tccaggattgctggatctgcagctgcttcaccttactaagtaa ctcaagc
A R?L
I Q D C W I C S C F
T?L T K L K
2761
ca g g cctcta tctta g tg ca cctctccta g a a a a g ca g a g ctta ca g cta tca cca g a g c
P G L Y L S?C
T S P R K A E L T A I T R A
2841
ccttca cctttcca a a g g ta a g ca a g tca a ca ta ta ttg ca a ctcca a a a a tg ccta tca
L H L S
K G K Q V N I
Y C N S
K N A Y H
2901
ca tcg ttccctccca cg ctg cta tttg g ca a a a g a g g a tta ctta ctg cg a a a g g ta ccc
I V P S H A A I W Q K R ?
L L T A K G T
2961
tca tta cta a ca g ttcg a ctca ttta ta a tcta tta ca g g ccg ctca ccttcca cg ta g c
L I T N S ?
R L
I
Y N L L Q A A H L P R S
3021 [
A lu
a tg a tttttttttttttg a c g g a g ttttg c a c ttg ttg c c c a g g c tg g a a tg c a a c g g c a
3081
A lu
tg a tctcg g ccca cca ca a cttctg cctcctg g g tcca a g ca a ttcttctg cctcg g cct
3141
A lu
c cc g a g ta g ctg g g a tta ta a a ca tg tg cca cca cg cctg g cta a ttttg ta ttttta g t
3201
A lu
a g a g a ca g g g a ttctcca tg a tg g tca g g ctg g tctca a a ctcccg a cctca g g tta tct
3261
A lu
]
g cctg cctcg g cctccca a a g tg ctg g g a tta ca g g ca tca g cca ctg tg ccca g ccta t
3321[
A lu
g a tttttttttttttg a cg g a g ttttg ctcttg ttg ccca g g ctcg a a tg ca a cg g ca tg
3381
A lu
a tctcg g ctca cca ca a cttctg cctcctg g g tcca a g ca a ttcttctg cctcg g cctcc
3441
A lu
cg a g ta g ctg g g a tta ta a a ca tg tg cca cca cg cctg g cta a ttttg ta ttttta g ta g
3501
A lu
ag a ca gggtttctccatgatggtcaggctggtctcaaactcccgacctcaggttatctgc
3561
A lu
][
ctgcctcggcctcccaa agtgctgggattacaggcatcatcca ctgtgcccagccta tga
3621
A lu
ttttttttttttg g a cg g a g ttttg ctcttg ttg ccca g g ctg g a a tg ca a cg g ca tg a t
3681
A lu
ctcg g ctca cca ca a cttccg cctcctg g g tcca a g ca a ttcttctg cctcg g cctcccg
3741
A lu
a g ta g ctg g g a tta ta a a ca tg tg cca cca cg cctg g cta a a tttg ta ttttta g ta g a g
3801
A lu
acagggtttctG catgatggtcaggG tggtG tcaaaG tcccgacctcaggttatctgcct
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3861
A lu
g cctcg g cctccca a a g tg ctg g

Alu inserts at 3' end are underlined and a translation of the putative po l and gag are
given. The protease active site is labelled as are the seven domains o f reverse
transcriptase. The conserved MHR region of Gag is also denoted. Frameshifts are
labelled with “?” and stop codons are labelled with

The isolated HERV1 sequence covers a portion of gag and almost the entire
pol followed by an Alu repeat. The pol region covers the protease region and domains
1-7 o f RT all o f which are labelled. There was no env sequence present and an Alu
element is inserted at the 3 ’.
The putative Gag MHR region begins at nucleotide 345. The protease active
site starts at nucleotide 885. The RT domain one extends from nucleotide 1353 and
the end of domain seven is nucleotide 1907.
Frame shifts to maintain retroviral homology were at nucleotides 433, 769,
1169, 1605, 1876, 2224, 2352, 2520, 2608, 2705, 2741, 2779, 2934 and 2976. Stop
codons were found at nucleotides 103, 187, 268, 301, 304, 553, 559, 588, 760, 856,
931, 1006, 1993, 1996, 2116, 2266, 2599, 2605 and 2752. There was also a deletion
with respect to HERV-XA sequence at nucleotide 1169.

Figure 4.10
i

Sequence of HERV2

cttg ta g a ta g cg g cg ctg cttg ta g ctca g tctg tttcctg cctcctg g cg ta a cttg t
L V D S G A A C S S V C F L P P G V T C
61
a g c tca g a a g a g c tca tcctta g cg g g cttg a g g g cg a g g g g ttta a g g cg a a g a ta ctt
S S E E L I L S G L K G E G F K A K I L

121
ga g a g ca ccg a g g tta g a ta tca a g a cca ta g ta ctca tcttca g ttctttctg ctg a ta
E S T E V R Y Q D H S T H L Q F F L L I
181
[
D o m a in l
cca g a a g ctg g ca ccca ctta cta g g g a g a g a cctca tg ctttg a cg tcca tg ta a ca cc
P E A G T N L L G R D L M
L**R P C N T
241
D o m a in l
] [
D o m a in 2
ccaatactgccagtcaagaacagacgggtcataccggctagtacaggaccttagagctat
P I
L P V K 7 T D G S Y R L V Q D L R A I
3 01
D o m a in 2
]
ca a cca a a ta g tcca g a cta ccca cccca ttg tccca g tcctta ca cca ttctta a g ca a
N Q I V Q T T H P I V P V L T P F L S K
361[
D o m a in 3
g a tccca ta ta a tca tca a tg g ttta ctg ta a ta g a tttg a a g g a tg cttttg g ca tg tc
I
P Y N H Q W F T V I D L K D A F G M S
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421
D o m a in 3
]
[
cctg g ctg a a g a ca g cg a ta ta tttg cttttg a a tg g g a g g a ccccca ctca g g g cg g a a
L A E D S D I
F A F E W E D P H S G R K
481
D om a in 4
a ca a ca a ta tca a tg g a tg g tcttg cctca a g g g ttca ca g a ttccccta a tctttttg g
Q Q Y Q W M V L P Q G F T D S P N L F G
541
D o m a in 4
]
[ D o m a in s
cca a a ttttagaacaagta ctaga aaaagttgtcatcccagaacaaa tatgccttcttca
Q I L E Q V L E K V V I P E Q I C L L Q
601
D o m a in s
] [
D o m a in s
g ta ca tg g a tg a ta ttctca ta tccg g cg a g a a ta ttg a a a ca ca a a ctg g cttca g ca c
Y M D D I
L I
S G E N I E T Q L G F S T
661
D o m a in s
]
tca ta ta ttta a cca tctcca a g tcg a a g g ccta ca g g tctcg a a g ca ta a g tta g a g tg
H L F N H L Q V E G L Q V S K H K L E C
721 [
D o m a in ?
]
cg cg g a g ccta g a g tta a g ta ctta g g ta a g o ta a tG a g tg o a g g G a a g a cg a g g a ttg g
A E P R V K Y L G K L I
S A G K T R I G
781
g g ttg a a tg g g ttg a a tg ca tca tg tccttg cca ta g cctta g a cta a g g a g g a a cttcg
V E W V E S I M S L P - P - T K E E L R
841
g a a a ttccttg g ctta g tcg g a ta ctg cca ctta g g g a tg a a ttca ca tg ca cta ta a a g
K F L G L V G Y C H L G M N S H A L
S
901
ta a g a ttcta ta cg a a a a a ctcg ctccg g g a ca tcctg a cca ta tcctg tg g a cctcca a
K I L Y E K L A P G H P Q H I L W T S K
961
a tg cttg g a tg a g a tca a a g a a ctta a g a a g a a ta g ctta ta a ca g ctca tg ctcta g cct
C L D E I K E L
K? E E - L I T A H A L A
1021
ta cc ttcccttg a g ta ta ca a ttca cctctttg tg a ccg tg ta a g a tg ccg tg g ca a ta g
L P S L E Y T I H L F V T V
D A V A L
1081
g cg tccta ttcca a g a a ca ttg a g g g tcctg g ca g ccta a g g cctttttg tcta a g cttt
G V L F Q E H - G S W Q P K A F L S K L
1141
tg ta ca ttg tca cccg tg g ctg g ccccg g tg ta ttta a tcg a a tg ca ca ta ca g ctg g a t
L I V T R G W P R C I
S N A H T A G
1201
tg g a tg a a g a g tg ta g g a a g cta a ccttcg g o ta g a a a tta g g G tta a g o a ca cctca cc
L D E E C R K L T F G - K L S L S T P H
1261
a a g tg a g a ca g ca a tctta a a ta ca a a a g ctg g g cg a g g a cca a cg g a g a g ccg a a tttt
Q V R?T A I
L N T K A G R G P T E S R I
L
1321
a a a g ta c tg g g g ta tttta ctta a a a a a g a cg a a a g a g ca ctta tg ttta a a tcta a tcg
K Y W S
I
L L K K D ?
K E H L C L N L I
1381
a ca a cca g a ctca ccg ca g g ccg g a tcttg a a a a g cttccg ttca a g a ca g g ccttca ct
D N Q T H R R P D L E K L P F K T G L H
1441
ta ttcg ta g a cg g ctcctctg a g a tg a ttta g g g g a a a cg a ca ca a tg tg ta tcca tta a
L F V D G S S E M I
G K R H N V Y P L
1521
ta g a tg g cg a a a tg ttg ta a g ttta a g a a ctg a g g cca g a a a a tta ccca a ta cttg g tc
I
D G E M L
V?L R T E A R K L P N T W S
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1581
tg ctca a tcttg tg a g c tg ttttc tttc a g cc a a g c c a ta a a g g a c ttg c a a a a tc a a g a
A Q S C E L F S F S Q A I K D L Q N Q E
1641
a tg a a cta tctacactgacagcatgtatgcatttagagtcactcacacattttgaaaaat
T I Y T D S M Y A F R V T H T F - K I
1701
ttg g a ctca a tg a g g g tta g ctg a ta g G a a a g g tta tg a a cttcttca ta a a a a cttg a t
W T Q - G L S D S K G Y E L L H K N L I
1761
ta ttca a g tca tg g a g a a ccttca a tta cccca a g a a a ttg cg ca ta tctg tg ta ccg a g
I Q V M E N L Q L P Q E I A H I C V P R
1821
g ca tca a a ta a g g ttg tccttcg a g tg ttg a g g ca a tg a ccta tca g a cca g a tcccg a a
H Q I R L S F E C - G N D L S D Q I P K
1881
a ca a g cg g ca a ttccctcg a a ca ctccg a tctttta ctta a ccccg tg ttta ccttca tt
Q A A I
P S N T P I F Y L T P C L P S F
1941
ta ctg cca cttgcttattctcgtcccttgtaaagcaagtataaggctacgtgggaacggc
T A T C L F S S L V K Q V - G Y V G T A
2001
[
LTR
q q a q a tca cca tg a tca cg g ctg ttccta g a cca c a a a tta tg tta ta a g cg ttta a g a a
E I T M I
T A V P R P
2 061
LTR
a a a a cg ctg ta a a a ta ttta a ca g cg g g a ttg ttta a ta ca g ta a g a a a ta cttcttca a
2121
LTR
a g g ttg a g cttta tta a g tttG cttg ttctttg ctG G G tg G tttG a a g g cca g a cttG O t
2181
LTR
ta ctccctg tg ttctccctg cg ctg g ta a a ca a ccttcccg cca g tcg tta tcta ta g a g
2241
LTR
ccca ca ttcca ca a ctg cg a ccca ctctg tg a a tta ccccttg ca tca ca a tg g cttctc
2301
LTR
c cg g ca a ccctg a tcttcctg ccttccca g ca a tg ta a tca ca ttca tg ca cttttca a g
2361
LTR
tta g cca a ccg g g ttca g ctta g q ttg ta cg g tcca a ctg ta g tca a tg g a g tca g g a ta
2421
LTR
ca g ta g ca g g g a ca a g ctg cg tta g a ca ta a a a a cctctg ctttcctttg tccg g g g tg c
2481
LTR
tctcctg g ca a ccg a a ccta tg a g g a g ca a cctta tg ca a a a g ta a a tttg ccttg ctg a
2541L T R ][
A lu
tagaccc a t g a t t t t t t t tt t t t a g a c g c a g t t t t g c t c tt g t t g c c c a g g c t g g a a t g c
2601
A lu
a a cg g ca tg a tctccg ctca cca ca a cttctg cctccta g g tcca a g ca a ttcta ctg cc
2661
A lu
tcg g cctg ccg a g ta g ctg g g a tta ta a a ca a g tg cca cca cg cctg g cta a ttttg ta t
2 721
A lu
tttta g ta g a g a ca g g g tttctcca tg a tg g tca g g ctg g tctca ta ctcccg a cctca g
2781
A lu
g ttttctg cctg g ctcg g cctccca a a g tg ctg g g a tta ca g g g a tca g cca ctg tg ccc
2841 A lu ]
a gcctat
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A putative translation o f the pol is given and the 3' LTR is underlined. The Alu repeat
is also labelled. Domains 1-7 of reverse transcriptase are noted. Frame shifts are
labelled with “?” and stop codons are denoted with

The isolated HERV2 sequence begins with the protease active site. Nucleotide
225 marks the beginning o f domain one of the reverse transcriptase, nucleotide 758
denotes the end of domain seven. The 3 ’ LTR covers nucleotides 2035-2547, this is
followed by an Alu element.
Frame shifts to maintain retroviral homology are at nucleotides 259, 988,
1270, 1350 and 1545. Stop codons are encoded at nucleotides 233, 814, 820, 895,
994, 1003, 1102, 1144, 1177, 1234, 1490, 1540, 1643, 1692,1710, 1850 and 1980.
Deletions with respect to HERV-Ia are found at nucleotides 233 and just prior to the
3 ’ LTR. This second deletion has removed the entire env region

4.2.4

Homology Searching

The obtained sequences were investigated by BLAST searching (Altusch 1990) and
sequence alignment packages including multialin, clustal W and pileup.

4.2.4.1

HERV1

The isolated sequence covered the entire pol region with a small deletion by
comparison with XA. A substantial portion o f gag sequence was also present and
three Alu elements were inserted at the 3' end of pol. This seems to have led to the
loss o f env genes. The genes are interrupted with several stop codons and frame
shifts, however there are some viable shorter ORFs that will be discussed later. 5’ to
the pol sequence there is a disrupted protease and before that a portion o f the gag. In
total 3.0kb o f retroviral sequence was obtained. No LTRs were found so dating the
integration o f this element is difficult. The short adjacent genomic sequence was used
in a search for chromosomal location but this was unproductive. However the
genome sequencing project is progressing at such a rate that this information should
be obtainable in the near future. Instead PAC FISH was employed (see Chapter 5).
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The greatest homology for this sequence was seen to the HERV-XA family and next
to the HERV-H family.
Using a portion o f the originally PCR amplified region o f p ol (starting with the
QYP amino acid domain prior to Domain one o f RT and extending to the primer site
in Domain five), homology with the HERV-XA element (Tristem 2000) was 77% and
the same region showed around 60% homology with RTLV H. The table following
this section shows the relatedness to exogenous viruses over this same region. The
most homologous viruses were MuLV, FeLV and BaEV, which are all closely related
to each other, with up to 48% homology over this region. Therefore this sequence
appears to be a Class I retrovirus with the highest homology to type C exogenous
retroviruses.
Due to the high homology with the XA sequences already obtained and the
clustering within this group it is likely that this isolate is in fact a member o f the
HERV-XA group. Although if this isolated element is related it must be on the edge
o f the group as the homology is under 80% at the greatest. Isolation o f a similar
element and especially intact LTRs will shed more light on the taxonomy, but at
present it is most appropriate to include this element within the HERV-XA cluster.
An alignment o f the most conserved region of pol is included.

Retrovirus Name

Percentage Homology to HERV1

Accession Number

HERV-XA

77%

U29659

RTLV H (HERV-H)

58%

D11078

HERV-F

53%

Z94277

MSRV (HERV-W)

48%

AF009668

FeLV

48%

L06140

MuLV

48%

U13766

PERV B43

47%

AJ133818

BaEV

45%

D10032

HERV-K10

26%

M14123
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Figure 4.11

Alignment o f HERV 1 putative translation o f a region o f p o l

1

HERV1

60

QYPIPEHATKGLKPVAQRLKQSGLIRPSNSPYNTPILPIKKSDGS^YRLVQDLRVINQALE

HERVXA
L-X- A
SXAL-T — SX
T -T
N
S - - Q----------------------VL
HERVH
-D
Q— L---------- XT— LEH — LK-X---------S ------- VLEP-KP — F ----- CX j — EXVF
BaEV
MSLE-HM-IRQHIIKFLEL-VL--CR--W
L - -V--PGTQD-- P--------- E--KRTV
PER VB 43
LSRE-RE-IW-HV
1 -Q-ILV-VQ- -W
L- -VR-PGTND- - P --------- EV-KRVQ
HERVK
- W- L- KQKLEA- HLL- NEQLEKGH-E--F--W-S-VFV-Q- KS- WHTLT
AV-AVIQ
61

120

HERV1

PVHPW PDPYTLISLI a SSNTTHYTAIELKDAFFTIPLHSDSQa LFAFTWTENaDTFQSQQ

HERVXA

—I —-------N

LP — P—

HERVH

- 1 ------- LN

Li- S - PP

T —D--------------------- P

N------- Q— P N—L-------

SVLiD — H--------------- P S T - P — V --------DP — H--------

BaEV
DI - - T - - N - -N -L-TL aKPDYSW- -VLD---------- CL--APQ--E-------E-KDPAERGI-GPERVB43 DI — T — N— N-L-AL PPERNW— VLD---------- CLR — PT — P-------E-RDP G-GRTGHERVK
-MG-LaaQ-GLPSPAMa IPKDWPLIIID---C-----------AEQDCEK
IPAINNKEPATR
121

HERV1

163

LTWTILPQGIQDSLHFFRQVLAQDLASLNLSa a PSHLLQYVDDL

HERVXA
V
F -------- L — G - A
D—
— R ------- L -----HERVH
A V M L --F R G -P Y Y -S-A -SH --L -F H P -a a T
I--IG -V
BaEV
R ------- FKN- PTL - D B A - H R - - TDFRTQHPEVT------------------PERVB 4 3
R ------- FKN- P T I - D E A - H R
NFRIQHPQVT-----------------HERVK
F Q - K V ------- M LN-PTICQ TFVG RA- Q PV R E K F S D C Y IIH - I - I

4.2.4.2

HERV2

HERV2 showed the greatest homology to RTLV I (HERV-I) sequences (79%)
and can probably be considered as a member of that group. The p o l region contained
a small deletion o f around 200bp towards the 5’ that explained the truncated PCR
product o f around 600bp. From further analysis the majority o f the p o l region was
determined as well as a 3 ’ LTR. It appears that the env sequence is completely
deleted in this element and the pol region is followed immediately by the 3 ’LTR, this
is then followed by a single Alu element. The 5’ LTR was not obtained and is
probably also deleted. As with HERV1, the coding sequence contained numerous
stop codons and frame shifts and is unlikely to express major transcripts. An
alignment o f the most conserved region of p ol is included. The table below shows the
percentage homology over 135 amino acids from the 3' end o f deleted region o f Pol to
the PCR primer site. This sequence can be classed as Class I as the most homology
was to the MuLV group of type C viruses.
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Retrovirus Name

Percentage Homology to HERV2

Accession Number

RTLV la (HERV-I)

79%

M92067

ERV 9

51%

X57147

HERV-Rb

48%

AC004045

MuLV

48%

U13766

BaEV

48%

D10032

GALV

47%

U60065

Sus Scrofa

47%

AF038600

MoMLV

42%

P03355

RRHERV-I

38%

AC002992

HERV-K10

29%

M14123

Figure 4.12

Alignment of HERV2 putative translation o f a region o f pol

1

HERV2

**PCNTPILPVK?TDGa SYRLVQDLRAINQIV
Q F P IP L E G M L G L K P IIE SL IN D G L L E P C M S-Y ------------------ K S - - A---------K-----------------T - Y - R - a -A H K --Q N -V K H -K A Q --V R K -S E -Q R P AAAAA---------------------------------- L - - E A -Y -L K K -V L E V IQ P A L IW F L Q Y
R - -Q - S Y D - - F ---------KPHSHK- - F
H
DT- Y -M S K -A R E - I R -H -Q R F L D L -V -V - - R - -W -------- L ------ KPGTND- - P V --------- E - - K R -Y -M S H -A R - - 1 - - H -Q R -L D Q -1 - V - - Q - - W -------- L ------ KPGTKD- - P ------------E V -K R - W- L - K Q K L E A -H L L A N E Q L E K -H I--S F --W -S - V F V IQ K K S- AKWHTLT
V -A V I
-

HERVI
ERV9
HERVRb
GALV
MuLV
HERVK

60

61

HERV2

120

QTTHPIVPVLTPFLSKIPYNHQWFTVIDLKDAFaGMSLAEDSaDIFAFEWEDPHSGRaKQ

HERVI
ERV9
HERVRb
GALV
MuLV
HERVK

N - V - - N P Y T I -------------------------------------------- WACa ------ E - R - T ------------------ Q L -X A- I SLY - V ——NP YTL — Q — EEA E
L- —
F C V P -H SD —Q F L
— ATNHATS
EDI
A N P Y T M F A S L -K D -E
L -------------- F C IP V E I E -Q L L ----------- T - - E T A A a QF
- D I - - T - -N P Y N L - - S L - P S - T - Y S - L -------------- F C L K -H P N -Q S L -----------K - - E K - N ATG
E D I — T — NPYNL — GL —P S
Y — L -------------- FCLR - HPT —Q P L -----------RD - EM —I AS -P M G -L Q -G a L -S P A M --K D W P a L I I
C -F T IP
QDCEK
T IP A IN N K E P A T

HERV2

QYQWMVLPQGFTDSPNLFGQILEQVLEKWIPEQAICLLQYMDDI

HERVI
ERV9
HERVRb
GALV
MuLV
HERVK

W----------------------M------------------------------- D - - S V - K - a L -------------------- L T ------------------ R
H
A - AKD - GHFS AAS PGTLV--------V - - L
- - C - T ------------- K N - - S I - -E A -1 -D -R G L Q L E N G AAV ---------- V - - L
- L T - T R -----------KN- - T - - DBA - HRD - ALFRAHNPQVK---------- V - - L
- LTWTR----------- K N - - T - - DBA - HRD - ADFR - Q H P D L I---------- V - - L
R F-W K
M L N --T IC Q T F V G R A -Q P -R E K F S D C Y IIH -I- - I
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4.2.5

Phylogenetic Analysis

In order to further establish the phylogeny o f the isolated HERV-elements
alignment with previously detailed HERV sequences was undertaken. Reverse
transcriptase domains 1-5 were used, the same region as detailed above. When using
the majority o f HERV families reported HERVI clustered with HERV-XA and
HERV2 clustered with HERV-I as mentioned previously. An example o f an
alignment used is given below.

Figure 4.13

Alignment of HERV

1
s
L
S71
E
RRHERVI
R
I
2
ADP
XA
1
H
F
W
ERV9
Z
Rb
FRO
HS
Fb
P
K

S
L
S71
E
RRHERVI
R
I
2
ADP
XA
1
H

F
W
ERV9
Z
Rb
FRO
HS

50

. VTSTHQYHL
XXIQ KH .YH H
. PVQVKQXSV
......................PV
. LVXVCQYPL
. LVRVRQYPV
. W RR K Q FPI

PGGHTE. IT K
P G G IA E . I S A
SQQARERINP
LREALEGIQV
PK EV IEG ITQ
P X EA IX G IC K
PLEGMLGLKP

TIK K LEELQ I
TIKDLKNAGV
HIQQLLQTGI
HLKCLRTFRI
HLNRLYEQGI
HLDWLYKHRI
IIE S L IN D G L

VSGTHRPYH.
V IP IT S L F N .
L T . CQSIWNT
IVPCQSPWNT
IVKCKSSWNT
LVRCQSPRNT
LEPCMSPYNT

................FPVW
................SPFW
...................PFF
...................PLL
...................PLQ
...................PLL
...................P I L

. F P N IP Q Y P L

......................GL
P X H . TK GL. P SX A L L T Q SS.

LKPCMSPYNT
. . XTNTPYNN

...................PVL
...................P I L

.FPQV.QYPI PEHATKGLKP VAQRLKQSGL IRPSNSPYNT
. YPAQCQDPI
. A IXVPQ YPL
. FPYQRKYPL
. FPYQRQYP.
. THVRKQYPL
. LSGKKQYPL
. YPCRGQFSL
. LPKLHQYPL
. FLSQKXYAI

PQHALKGLKP
NPNGLQGPKP
RPEALQGXQK
RPEAHKGLQN
RPEAQWGVXP
KKEVLEVIQP
QLEAKEGLQP
K PEA IQ RLSP
PQ V ALISLK P

VITRLLEHGL
II S X L L A P N I
IVKDLKAQGL
IVKHLKAQGL
LIAKFLNYRL
ALIWFLQYGL
LIXKFLTHGL
IVDDLIKQGF
II S R L L S S H L
FPNARGXKGA
. PVWVNQWPL PKQKLEALHL LANEQLEKGH

L K P IN SP Y N S ...................P I L
LILT H SPH N T ...................P I L
VK PCSSPCNT ...................P I L
VRKCSSPCNT ...................P I L
PQPCQPPCNT ...................PVL
IR PC Q SSY D T ...................PFL
I S . CNSPYNT ...................P I L
I I P C T IP C N T ...................P I L
LC PTNSPFNT ...................PVL
RNHCEKPENA E S5X IL X Q L L
IE P SF SP W N S ...................PVF

51
PVRKPDGT. .
PVQKTDGS. .
PVQ KP____ R
P V P K P ____ G
PVH KP.............
PAXKPTPGPG
PVKKSDG. S .

. . . WRMTVDY
. . . WRMRVDY
TNDYWPVQDL
TKDYRPVQDL
NGEYRPVQDF
SNVYRPVQDL
. . . YRLVKDL

HAAVPSIM DF
A A A IQ D W S L
HPTVPNPYTL
HPTVPNLYTL
YAIVPNPYTM
HLVVPNLYTL
NPW PNPYTI

PV .K TD G .S.

. . . YRLVQDL RAINQIVQTT HPIVPVLTPF LSKIPYN.HQ

PVKKPDG. S .
P IK K S D S . S .
PIKKSDG . S .
P V L E P D K .P .
P IK K P D G .S .
GVRKPNG. Q .
EV Q R P.............
PVNKPNG. E .
PLKKPHSHK.
TVKKTNG. E .
P IK K P N ____

. . . YRLVQNL
. . . YQLVQDL
. . .YRLVQDL
. . . Y R F . QDL
. . . YRLVQDL
. . . WRLVQDL
. . . . RLVQDL
. . . YKFVQEL
. . . YRFVQDH
. . . YRLVQNL
RXGWRFVXDL

RELNEATPPL
H K LN Q W TPI
TEVNRQIVTV
RLVNQATVTL
WVANKATVTI
RARNRATVAI
RAINQTVQTT

100
MEHLTTELGQ
LK Q INTSPG T
L R L L P P E . HT
L G L L PA E . OS
L G Q IP A E . AM
M G L I P A ..A T
L S K I P Y N . HQ

R SIH K IVQ TX HLVVPNPYTH L N K IL Y K .H K
RV INQ AV LPI HPVVPNPYTL L P L I P S S . TT

RVINQALEPV HPWPDPYTL IS L IS S N .T T
C L IN E IV F P I
Q X IN S V IV P L
R IIN E A V F P L
R L IN E A V IS L
RMVNEAAVPV
RAIND TVEDI
X V I NE A W E .
S E IK K Y IIP R

-

120

-

HPVVLNPYTL
YPW PNPYTL
Y PA V SSPY TL
YPW PNPYTL
Y P . V PN PH TI
HPIVANPYTM
YTQWSQPFMX
F SW X N P N A L

L S S I P P S . TT
L S R I P P N . TN
L S L I P E E . AE
L S Q I P E E . AE
L T Q V SE D . AN
F A SL P K D . HE
F X K I . S D .A Q
L P N V P T D . FK
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PVKKLDGA
YHLVXDL RLINQAVLPV
QHNNIRSAKP NGEWRLVQDL C L I N E A I L ..
V IQ K K SG ................. KWHTLTDL RAVNAVIQPM
101
YH FW DLAN A F F S N H IA P E .
LY A A ID LA N . F Y P F H .K P H .
ICTVLDLKDA F F A IP L A P K .
WFTCLDLKDA F F S IR L A P E .
WFMCLDLKDV F F . LRLA PQ .
WFTVLDLKDA F F C IX L A P V .
WFTVIDLKDA FWAC. L A E E .
WFTVIDLKDA F G M S.L A E D .
WFSIVDLKDA FW PCPLDSK.
HYTTIDLKDA F F T IP L H P D .
HYTAIELKDA F F T IP L H S D .
HYSVLDLKHA F F T I P L H P S .
Y FSV L D FK D . F F T I P L H S S .
WFTVLDLKDA F F C IP V R P D .
WFTVLDLKDA FFC V P L H SD .
WFMVLDLKET F F S T P L H L . .
WFTVLDLKDA F F C I P V E I E .
WFSVLDFKN. F F C IP L D P S .
W FTVIDLCSA F F G IP F H K E .
HFSVLNLKDA F FSX FLTLX F
WFTVLDLKDA L F S I P L Y P .H
. L IIID L K D C F FT IPL A E Q D

150
SQEQFTFTW......................... EGSQ WTFTMLPQGY
. QKQFAFSW..........................QGQQ CIFTVLLQGY
SQ PIFAFEW T
. DPGSGNTTQ LTWTQLPQGF
RQKLFAFQWE
. DPESGVTTQ YTWTQLPQRF
SQPIFAFQWG . Q ................... LX YTWTRLPQGF
SQ PIFAFQ X D
. K . . . . E A T Q LTWTKLPQGF
SRDTFAFEWE
. DPQLGXKQW YQWTVLPQGF
S .D IF A F E W E
. DPHSGRKQQ YQWMVLPQGF
SRDLFAFEXK
. . LITGRKQR YHWTVLPQVF
SQ NLFAFTQ.
TDPNTLQSQQ LTWTVLPQGF
SQ .L F A F T W .
TENDTFQSQQ LTW TILPQ G I
TQPLFVFTW.
TDPDTHQSQQ LTWAVMLQGF
CQKLFAFTW.
TDSDTGYSQQ LIW TILHQGF
SQ FLFAFEDP L N P . . . . T S Q LTWTVLPQGF
SQ FLFAFEDP TN H . . . . TSQ LTWMVLPQGF
P Q Y IF A F E .X TNPDAVATFQ FTWTVLPQGF
SQLLFAFEW .
TDPETAAQFQ YCWTVLPQGF
S Q F IF V L E . .
LENEKGRSXQ LTWTVLPQGF
SPYLFTLTW
KNQQ YTRTVMTQEF
PKPLFLYVEY PRHPPFMXAH L C ..I L P Q G F
SQ Y PFV LK IP LAKLPRQHEQ
LPQRF
C E K .F A F T IP AINNK EPATR FQWKVLPQGM

151
S
L
S71
E
RRHERVI
R

1
2
ADP
XA

1
H
F
W
ERV9
Z
Rb
FRO
HS
Fb
P
K

V HS P . . TICH
INSP..ALCH
KNSPT. . LFK
KNSPT. . IFG
K N S P I . . IFE
KNSLT. . IFE
M D S P N . . LFG
T DS P N . . LFG
TEAPN. . LLG
QDSLL. . FFG
Q D S L H . . FFR
R G S P Y . . YFS
RDGPH. . YFS
RDSPH. . LFG
RDSPH. . LFG
R D S P H . . PIG
K N S P S . . IFG
RDSPH..LFG
T E A P S . . YFS
RDSPHFSLCQ
PDSPH. . LFG
L N S P . . TICQ

GFVAMDLAAW
NLIQSDLDHF
EALQ Q DLIPF
EALARDLQKF
DALATNLEAF
EALASNLKAY
QILEQVLDKV

C P W P Y P Y T L L S T I P S D .T T
. L W L N S Y T L L T Q IP E G .R K
G P L Q P G .L P S PAM IPKD.W P

N C PK .G V SLF
S L P Q . D IT L V
. SQNPNCTLL
PTRDLGCVLL
A PFSD N SW L
TLPNDNCALF
SV PK .Q LC LL

187
H Y ID D I
H Y ID G I
QYTDDL
QYVDDL
QYIHDL
QYVDDL
QYVDDI

QILEQVLEKV VIPE.QICLL QYMDDI
QVLEKVLEEF Q PSK .E T Q L L QYVDDL
QALAQDLASL D L S P .S R .L L QYLDDL

QVLAQDLASL N LSP.SH .L L QYVDDL
QALSHDLLSF
QALQLDLSQL
QALAQDLSQF
QALAKDLGHF
NALAKXLREL
EALIQDLRGL
QALARYLQDL
QTLHQELA. .
KALAHDLCSL
Q ELSNNLSEF
TFVGRALQPV

H P S T .S H .L I
P L X S .S I .L L
S Y L D .T L .V L
S S P G .T L .V L
Q L T N .G S .L L
Q L E N .G V .L L
SLYM . GGHLL
LQFRQNSTLI
S L . . KLSTLF
SHPQVRG. . L
R E K F SD C Y II
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QYIGDV
QHEDDL
QYVDDL
QYVDDL
QYVDGL
QYVDDL
QYMDDL
Q Y ID SL
Q CINDL
QYVDDI
H Y ID D I
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Table of Accession numbers used for the alignment.

HERV

Abbreviation

Accession Number

HERVI

1

This Thesis

HERV2

2

This Thesis

HERV-S

S

AC 004385

HERV-L

L

X 89211

HERV-S71

S71

AC 002992

Clone 4-1 (HERV-E)

E

M 10976

RRHERV-I

RRHERVI

AC 002992

ERV 3 (HERV-R)

R

AC 004609

RTLV la (HERV-I)

la

M 92067

ADP pol (HERV-ADP)

ADP

L 14752

HERV-XA

XA

AC 000378

RGH2 (HERV-H)

H

D 11078

HERV-F

F

Z 94277

MSRV (HERV-W)

W

AF 009668

ERV9 (pH E.l)

ERV9

X 57147

HERV-Z69907

Z

Z 69907

HERV-Rb

Rb

AC 004045

HERV-FRD

FRD

U 27240

HERV-HS49C23

HS

Z 93019

HERV-Fb

Fb

Z 83745

HuRRS-P (HERV-P)

P

Z 98255

HERV-K10

K

M 14123

For true phylogeny tree formation was necessary. Trees were produced using the
Phylip package and in particular Protpars, yielding the most parsiminous tree. The
alignment in figure 4.13 was used for confirmation o f the isolated HERV clustering.
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Figure 4.14

Horizontal phenogram o f HERV

HERVK
RRHERVI
HERV R
H ERVE
- HERV S71
HERV Rb
HERV ADP

« _

H ERVI
HERV P
HERV W
ERV 9
HERV FRD
HERV Z
HERV Fb
HER VH
HERVXA
HERVH
HERVE
HERV HS
HERV S
HERV L

10 PAM

The isolated sequences HERVI and HERV2 are shaded.
The next page shows the phenogram with bootstrap support for the branches.
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RRHERVI

73
77
69
47

871
Rb
ADR

59

60
38

W

98

ERV9
18

F RD
38

-Z

19
Fb

23
---------------------- 1
99
30

---------------------- Y A

H

39

HS
39

84
95

I------------1
0.1
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From this phylogenetic analysis using the reverse transcriptase region HERVI
clustered consistently with HERV-XA and HERV2 clustered with HERV-I. In order
to analyse this more closely further phylogenetic studies were undertaken using
members o f each family as well as representative members o f closely related families.

4.2.5.1

HERVI Phylogeny

Due to the limited sequence information available for most of the XA elements a more
3' region o f the p ol sequence was used for the phylogenetic studies. An example of
the resultant alignment is given below. HERV-H, HERV-F and HERV-Fb sequences
were also included in the alignments.

Figure 4.15

Alignment o f XA elements

HERVFb
HERVF
HERVI
HERVXA
X A 34
XA3 5
XA3 6
X A 37
X A 38
HERVH

PFTXFVDG SS
A P D L F ID G S T
DDQ LFID G ST
ND Q LFID G SS
D D Q LFID G SS
D D Q LFID G SS
D D Q LFID G SS
D D Q LFID G SS
D D Q LFID G SS
DHTWFIDGSS

FLHQGRWHAG
SK NH PL. QAG
SRPARLIQDC
SR PA G L. QNC
SRPTSYPPDC
S G P T S . PQNC
SG P T G . PQNC
SRATGCPKNC
SK S V N . QXNC
TRPNRHSPA.

Y A IV SSV T PH
YAITEGYHDD
W ICSCFTLTK
W IC S C F S . TK
W IC S C F P . TK
W IY IC F P . .K
W IC S S F S . TE
C V C SSY L . TK
W IC
TE

T H ................. T I
TH FL PPT R V I
X ....................... L
X ....................... L
X ....................... L
X ....................... L
X ....................... L
X ....................... L
X ....................... L

HERVFb
HERVF
HERVI
HERVXA
X A 34
X A 35
XA3 6
X A 37
X A 38
HERVH

51
SKKAELVALP
SQ EAELVALI
PRKAELTAIT
PKKAELTALT
SQ K AELIALT
SQ K AELIALT
. KKAELIALT
SQ K A ELIA LS
SQ K AELIALT
AGYAELVALI

QALTLAARQQ
RAQTLANKNK
RALHLSKGKQ
RALTLSKGKQ
RALNLSKGKR
RALTLSKGKX
RALTLSKGKX
RA LTLSK .K R
RALTLSKGKR
QALTLAKGLR

.................. I N I
NKNKNMXVNI
...................V N I
...................V N I
...................V N I
...................V N I
...................VNT
...................V I I
...................VN I
...................V N I

Y S N SR Y T F Y I
YTYSKYAYNV
YCNSKNAYHI
YTNSKDAYHI
YTDSKYAYHI
YTDSKYAYHI
YTDCKYTYHI
YPDSKYAYHI
FTDSNYTDH I
YTDSKYAFHI

HERVFb
HERVF
HERVI
HERVXA
X A 34
XA3 5
XA3 6
XA3 7
X A 38
HERVH

101
RG FLIAK NTP
QGYLMAKGTP
R . LLTAKGTL
R . FLTAKGTL
RGLLTAKGTP
RGFLTAKGTP
RXFLTAKGTL
R G F L . AKGTP
R . FLTAKGTP
RGFLTTQVSS

A IN G S L IS K L
IINGKLVHHL
IT N SR L IY N L
IT N S P L IY Q L
ITNGH LIYXL
IT N S P L IY Q L
ITN G PLIY Q L
ITN G PLIY Q L
VKNGPLIYQL
IIN A SLR K LC

129
LQAARLLQK
LKAALLPGK
LQAAHLPRS
LQAAHLPTK
LQATHLPAK
LQVAHLPAK
LQAAHLPAK
LQAAHLPTK
LQAACLPTX
SRLLYFQRK
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50
EANLLLLSTT
EAAPLPFGTS
KPGLYLSCTS
K PG PY LQ .TS
K P ....G .S S
K P S P Y P G .T S
K PNPYPG . TA
R L S S S P Q . TS
K L S P Y P G .T S
.......................... K
100
VYSHSSIWKK
IHYNAQIWSE
VPSHAAIWQK
LHSHAAIWQK
PRSHAAIWQK
RHSHTSIWQE
LHSHAAIWQE
LHSHATIWQE
LHSRTTIWQK
LHHHAVIWAE
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Table of accession numbers used in the alignment.

HERV

Abbreviation

Accession Number

HERVI

HERVI

This Thesis

HERV-XA

HERVXA

AC 000378

XA 34

XA34

U 29659

XA 35

XA35

U 37054

XA 36

XA36

U 37067

XA 37

XA37

U 29658

X A 38

XA38

U 37066

RGH2 (HERV-H)

HERVH

D 11078

HERV-F

HERVF

Z 94277

HERV-Fb

HERVFb

Z 83745

Figure 4.16

Horizontal phenogram of XA family

---------------------------- H E R V F
---------------------------------- H E R V F b
X A 37
________

X A 38
—

X A 35
X A 34

—

X A 36
r HERVXA

RGH2
10 PAM
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HERVI consistently clustered within the XA family and was most closely
related to HERV-XA isolated by Tristem (Tristem 2000). An example o f a
phenogram is given (Figure 4.16). These alignments also reinforce the current
evolutionary groupings as described by Tristem (Tristem 2000). This places HERVI
within a separate XA family distinct from the other HERV-F families and most
closely related to the HERV-H family.

4.2.S.2

HERV2 Phylogeny

HERV2 alignments were performed against HERV-I family members as well
as the closely related families HERV-ADP, HERV-R and HERV-XA. The reverse
transcriptase region was used for the analysis. A table o f the accession numbers used
is given followed by an example alignment (Figure 4.17) and a representative
horizontal phenogram (Figure 4.18).

Table of accession numbers used in the alignment.

HERV

Abbreviation

Accession Number

HERV2

2

This Thesis

RTLV Ic

Ic

M 92069

HERV-I 4682

4682

AC 004682

RTLV la (HERV-I)

la

M 92067

HERV-I 4074

4074

AC 004074

HERV-I 3100

3100

AC 003100

HERV-I 4210

4210

AC 004210

HERV-I 21878

21878

AL 021878

HERV-I 394

394

AC 000394

ADP pol (HERV-ADP)

ADP

L 14752

HERV-XA

XA

AC 000378

ERV 3 (HERV-R)

R

AC 004609
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Figure 4.17

Alignment o f HERV-I Family

1
Ic
4682
la
4074
3100
2
4210
21878
394
ADP
XA
R

aaaw k r k q y

50
PIP L K G R IG L X L IIE G L L Q E

------------------- p --------E —ML —
----- 1 —R. ———— — S —T ——V —
NQ G K LQ IPPI N -K -R G Q S —

g l l e p h m aaa

—— E -------------------R --------------- 1 —R -------------

--------E A K -N --------E ------------------E -----------

----- F P N I P - ----- L - RVR —

- l - xhtka - -V -X E A IX -I

—P ----------------—P ----------------- - c --------------AP C --------------K P T - - S - - H G — I —c -------- —p ----------------— —p ----------------K P ----- S - I K D ------- c — —
K P----- S - I R D —————OiV ——— —p —p ——————
----- K—C --------- —p ————— ——
a a a a a a PSXA - -T Q SS X T N T P ----- N -------CKHLDW-YKH r i - v r c a - - q s p a r - - - l - -

aax r l l r d l r

AINQ IVQ TTH P V IP N P Y T I I

K P----- S - I N D
KPV--------I K KPV--------1 ED

--------—CM ——
---------- C —--------------- C --------

51
Ic
4682
la
4074
3100
2
4210
21878
394
ADP
XA
R

s s y an t p i l p

v k k saaadg s

----------------------

— Y — VK----— Y — MQ----— Y Q -V Q — T
— Y ——VQ----———P ———E —— — Y — V Q --------- L -------- A — - - Y - - G T R S X
- R ----------------- - -Y X -V Q G -W
- — P ----- ——
— Y — VQN—
I --------———S — — Y Q -V Q ----A X -P T P G P -- NVYRPVQ----————— —------------------------ Li

----------------------------T ---------------------------------------------------

- S V — S ----- L
-T V S ---------- L
- IV -V L T P F L
S ------------------- S —D --------A —
S a HQ--------N - — V ------------ L
— S — F -------- — V ---------- LL
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Figure 4.18
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Phylogenetic support o f a neighbour joining tree with bootstrap values applied.

Following phylogenetic analysis HERV2 can be clearly clustered within the
HERV-I family with its closest relative being a HERV found by genome database
searching (Tristem 2000). The trees formed all consistently placed HERV2 within
this family.
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4.3

Discussion

This chapter has described the isolation of two HERV fragments both
encoding large regions o f Pol. Both elements contain numerous frameshifrs and stop
codons within the coding region and can be assumed to be non functional. These
elements were isolated from normal blood donors and illustrate the number o f
elements still to be discovered within the human genome. Soon the sequencing o f the
entire genome will be completed leaving a huge database for the determination of
many more HERVs some of which may prove to be functional or at least partially
expressed as with HERV-W and syncytin. The first analysis o f around 7% of the
genome revealed fully 150 novel sequences and the discovery o f six new families
(Tristem 2000).
Both HERVs reported here appear novel by BLAST searching and show only around
80% homology to the closest known retroviral sequences.
HERVI showed closest homology to HERV-XA at just under 80% and can,
for now, be placed within that family. Discovery of further elements within the XA
group may mean a second branch and a further family including HERVI. The other
elements within the XA group are very closely related (XA34-38 and HERV-XA) so
this theory has some backing.
HERV2 showed closest homology to the HERV-I group including the full
element RTLV la. Again this element can be considered a member o f the HERV-I
family by consistent phylogenetic clustering.
The copy numbers o f both elements is assumed to be low due to the weak
signal by Southern blotting and the fact that they have not been isolated previously,
despite various probing o f the human genome with probes derived from retroviral
sequences. The relatively weak homology with all exogenous retroviruses may in part
explain this, with the greatest homology seen to the MuLV group at under 50% in the
most homologous region. In particular the signal for HERV2 was very faint,
suggesting only a couple o f elements present in the genome. The signal for HERVI
was detectable and at least 2 bands could be differentiated suggesting at least one
other closely related HERV.
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Both o f these elements were disrupted with the insertion o f Alu elements
which is not uncommon and in fact was seen in the XA34 isolation as well. That
element was also a recombination with ERV9 (Widegren et al. 1996).
The sequence of HERVI contained a portion of gag that included the
relatively conserved MHR region (this has been marked on the translation in figure
4.9). In total around 3kb of sequence was isolated and a further attempt was made to
locate the 5' LTR this proved unsuccessful with the adjacent region on the PAC
(27K22) containing no further retroviral sequences. The protease region was
sequenced and the active site is indicated in figure 4.9. Virtually the entire p ol region
was determined and the reverse transcriptase domains 1-7 were noted. No env
sequences were found but this region appears to be disrupted with the insertion o f Alu
elements.

The sequence of HERV2 started with p ol sequences and only a small portion
o f the protease was also present. As for HERVI all seven domains within reverse
transcriptase were noted. An Alu repeat again disrupted the env region but this was
followed closely by a retroviral LTR, which was homologous with those o f the
HERV-I group so is assumed to be associated with HERV2. Neither the gag nor 5'
LTR sequences were determined for this element.

Any expression of retroviral fragments must be taken seriously, as retroviruses
are very adept at recombination and co-operation. In particular ERVs in animal
models often co-operate to create a disease state often leukaemia. With this in mind
and with retroviruses’ close association with leukaemia in mammals (see Chapter 1)
and even humans via HTLV-1. Expression of these disrupted elements in various
leukaemia samples as well as in normal lymphocytes was undertaken, this will be
summarised in the next chapter.
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Chapter 5:

Expression of Two Novel HERVs

This chapter aimed to assess any potential expression o f the two novel
HERV as well as the integration sites. The aim was to demonstrate
expression potential in even mutated HERV and therefore emphasise a
potential biological role for these elements and other known or
unknown disrupted elements. The most successful method was via
RT-PCR. One element was found to be weakly expressed in normal
PBMCs so this expression was further analysed in several leukaemia
cases. Any variable expression within leukaemia cases could imply a
biological activity o f HERV.

5.1

HERV Expression

Retrovirus-like sequences are ubiquitous amongst animals. They have been
isolated from reptiles (Jacobson et al. 1980) as well as bivalve molluscs (Underwood
et al. 1977) through to humans including most organisms in-between.
In humans most retroviral elements are non-functional containing multiple
stop codons, deletions and insertions within the putative coding regions. However
many cases o f HERV expression have been previously reported in particular in
tumour cell lines.
Limits in copy number are evident in all HERV in comparison to other
retroelements suggesting some cellular regulation. Gag and Env proteins direct the
virus to cellular export and therefore exclusion from the retrotransposition pathway
and this could limit the element’s copy number. Blocking o f receptors by secreted
Env may hinder the re-infection of virus producing cells, and therefore re-integration,
limiting copy number. Although copy number is generally limited for complete
HERV there are also many LTR only elements derived from LTR-LTR
recombination. Their existence implies frequent spread o f HERV sequences and
suggests that whole elements may be harmful.
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5.1.1

Clone 4-1 (HERV-E)
Clone 4-1 env is disrupted with stop codons, however a 1.3 kb ORF was

detected in the env region covering almost the entire surface domain. Other
transcripts, in particular polyadenylated 3.0 and 1.7 kb transcripts, were seen in
placenta, normal colon, spleen and liver (Rabson et al. 1983; Gattoni Celli et al.
1986), and lower levels of 3.6 and 2.2 kb were also observed in placenta (Rabson et
al. 1985). Analysis o f a placental cDNA library is consistent with the 3.0 and 3.6 kb
transcripts as spliced env (Rabson et al. 1985). The 1.7 and 2.2 kb transcripts also
appear to result from splicing events analogous with their larger counterparts in
elements containing two deletions. One deletion removes 222bp in the surface
domain, the other is a 938bp deletion including all o f the TM and some o f the U3
region of the 3 ’ LTR (Rabson et al. 1985). The 3.0 and 1.7 kb transcripts are also
detected in colon and breast carcinoma cell lines (Rabson et al. 1985). Increased
expression o f the 1.7 kb transcript is seen in primary colon tumours and colon cell
lines (Gattoni Celli et al. 1986). Others have reported full-length HERV-E expression
as well as the 1.7 kb transcript in human brain (Taruscio et al. 1991).
Further LTR specific transcripts of 3.6kb were detected in normal colon
mucosa and colon carcinoma cell lines (Gattoni Celli et al. 1986), these contained
transcribed cellular sequences polyadenylated by HERV-E LTR illustrating the use of
HERV LTR as promoter sequences (Rabson et al. 1985). Two cDNAs, jnLTR8 and
jnLTR22, polyadenylated by HERV-E LTR were isolated from a lung carcinoma
cDNA library (Tomita et al. 1990).
Using PCR HERV-E expression was also found in PBMCs (Medstrand et al.
1992) demonstrating activity in normal tissue.

5.1.2

ERV3 (HERV-R)
ERV-3 has now been closely studied and shows variable expression patterns in

different human tissues (Larsson et al. 1997; Sibata et al. 1997).
The env region o f ERV3 encodes a 1.9kb intact ORF encoding the SU and
most of the TM (Cohen et al. 1985). There are polyadenylated 3.5, 7.3 and 9kb
mRNAs with similar splicing to retroviral subgenomic transcripts evident (Kato et al.
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1987). In 1990 Kato showed that an ERV3 element is located in the 5’ region of, or
within, a Kruppel-related gene (Zinc finger), H-plk, but there is a stop codon in the
env region that may stop the gene’s translation (Kato et al. 1990).
Further screening showed that the chorionic villi expressed 3-50x higher levels
of HERV-R than other tissues tested and was the only tissue to express the 7.3, 3.5
and 9 kb transcripts widely in some only the 3.5 kb transcript was seen (Cohen et al.
1988). HERV-R env transcripts were located to the syncytiotrophoblasts in the
placenta (Larsson et al. 1994), proteins were also detected by antibodies derived
against synthetic peptides. However no RNA was seen in 6 choriocarcinoma cell lines
tested (Cohen et al. 1988; Kato et al. 1988), nor in hydatidiform, a cystic outgrowth
from chorionic villi.

5.1.3

RRHERV-1
RRHERV-1 was first isolated from PA-1 teratocarcinoma cell line as a 3.3kb

cDNA with homology to 4-1 (LTR) and HERV-R {env). A 4kb transcript was also
observed on a northern blot (Kannan et al. 1991).

5.1.4

S71
Transcripts o f S71 were not detected in normal PBMCs or several other cell

lines tested, however a cDNA containing 350bp related to the 3 ’ end of S71 was
isolated from a human placental library (Leib-Mosch et al. 1992).

5.1.5

HRES-1
HRES-1 expression has been noted as a 6kb transcript containing gag-related

sequences in the polyadenylated RNA of several cell lines, including MA-T (T-cell),
HL60 (promyleocytic leukaemia), W7A and W7B melanoma, but not in K562
(leukaemia) or U937 (monocyte lymphoma) (Perl et al. 1989). Antisera directed
against HTLV picked up a 28kD protein that corresponds to an HTLV-related ORF.
The protein was intracellular and cytoplasmic, with some seen in nuclear bodies
(Banki et al. 1992).
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5.1.6

ERV-9
ERV-9 expression is seen in the teratocarcinoma cell line Ntera2Dl and is

downregulated by retinoic acid induced differentiation (La Mantia et al. 1989).
pHE.l expression as a full length 8kb transcript was detected in undifferentiated
Ntera2Dl (La Mantia et al. 1991), other transcripts were noted in placenta. ERV-9
segments were PCR amplified from glioma RNA including an immunosuppressive
region o f env (Lindeskog et al. 1993). Spliced RNAs o f 1.5 and 2kb that remove most
o f the internal sequence were also noted in Ntera2Dl (Lania et al. 1992).

5.1.7

HERV-H
HERV-H is transcribed in many cell lines, with the highest expression from

teratocarcinoma and germ cell tumours (Hirose et al. 1993; Wilkinson et al. 1993).
Expression is also seen in normal placenta (Johansen et al. 1989) and amniotic or
chorionic membranes (Wilkinson et al. 1990). Lower levels o f expression are
observed by PCR in PBMCs (Medstrand et al. 1992) and by northern blot in some
normal tissues. There are complex expression patterns in cell lines due to the high
copy number (Wilkinson et al. 1990). The most abundant transcript is 5.6kb, which is
the unit length from a deleted element, a spliced 3.7kb transcript is also common
(Wilkinson et al. 1990). The region removed in the case of the 3.7kb transcript
extends from 140bp after the 5’ LTR to a cluster o f splice acceptor sites just upstream
o f the pol domain (Wilkinson et al. 1990) i.e. removing gag and leaving pol.
Expression is reduced in Ntera2Dl cells after induction by retinoic acid (Wilkinson et
al. 1990). Transcription o f intact HERV-H was detected in teratocarcinoma and
testicular tumour cell lines (Hirose et al. 1993; Wilkinson et al. 1993), with a putative
unit-length 8.6kb transcript detected. Env transcripts were seen in Teral cells
(Wilkinson et al. 1993), smaller spliced and lOkb or larger transcripts including
cellular fusion products were also detected (Hirose et al. 1993; Wilkinson et al. 1993).
Endogenous expression o f HERV-H LTRs also differs among different cell lines, LTR
types I and H have very low endogenous expression or are expressed only in
teratocarcinoma cell lines whereas la is readily detectable (Goodchild et al. 1993;
Wilkinson et al. 1993). All LTR types can be activated by SV40 large T antigen and
increase 5-30 fold but not all individual elements are responsive (Feuchter et al.
1992). This is due to transcription factors and is not a direct effect (Feuchter et al.
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1992). cDNAs containing HERV-H LTRs and cellular RNA transcripts have been
found, but their functions are unknown and the expression is limited (Goodchild et al.
1992; Feuchter Murthy et al. 1993). HERV-H expression has also been noted in both
normal leukocytes and T-cell leukaemia cell lines (Lindeskog et al. 1997).

5.1.8

HERV-K
HERV-K is probably the most highly expressed o f the HERVs studied to date.

Retroviral particles have been observed by electron microscopy in
syncytiotrophoblasts budding illustrating the existence of functional HERV (Mwenda
1993). Retrovirus-like particles (RVLP) have also been reported in more than 20
testicular tumour cell lines, embryonic carcinomas or teratocarcinomas (Bronson et al.
1984; Lower et al. 1984). HERV-K in particular is highly expressed within
teratocarcinoma cell lines and has been associated with RVLP (Boiler et al. 1993;
Lower et al. 1993). The p o l region is intact and found in particle preparations from
teratocarcinoma cell supernatant, a 160kD protein with RT activity is observed
(Lower et al. 1984). However cellular expression is very low implying the presence of
a cellular inhibitor o f reverse transcriptase (Lower et al. 1987). Env expression,
although low, can be detected by RT-PCR (Tonjes et al. 1996). In teratocarcinoma
cell lines env expression is very low level and may be one factor in the lack o f particle
infectivity.
HERV-K transcripts o f various sizes are seen, including a full-length 8.8kb
transcript, in several cell lines (Ono et al. 1987). In T47D, a breast carcinoma cell
line, expression was induced by estradiol then progesterone (Ono et al. 1987) showing
that the LTR has hormone responsive sequences this is similar to MMTV. In 1988
Franklin observed 7.0, 8.0, 8.3, 10 and 12kb transcripts as well as many smaller
transcripts in cell lines and placenta, with placenta having the highest levels. HERVK transcripts have also been noted in colon tumours and normal colon mucosa by
northern blot analysis (Moshier et al. 1986) as well as in PBMC and leukocytes by
RT-PCR (Medstrand et al. 1992; Brodsky et al. 1993). Some HERV-K expression
was seen in teratocarcinoma cell lines (Lower et al. 1993). A full length 8.6 kb
transcript and smaller spliced 3.3, 1.8 and 1.5 kb transcripts have been observed by
northern blots. Retroviral-like particles are also produced by these lines in culture
(Boiler et al. 1993). The 3.3kb transcript includes env and is smaller due to the
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removal of most o f the interior retroviral regions (Lower et al. 1993). The 1.8kb
transcript is a doubly spliced cORF (central). This shorter transcript encodes a 12kD
putative protein that has basic regions similar to the RNA binding domains of rex, rev
and tat of HTLV-I and HIV (Lower et al. 1993).
A member o f the HERV-K group, HERV-K10, is relatively complete. Some
coding competent, intact HERV-K10 gag and env mRNAs have been isolated using
RT-PCR from GH cells (Lower et al. 1993). A gag region has also been cloned by
PCR from genomic DNA and expressed in E. coli as a fusion protein (MuellerLantzsch et al. 1993). The HERV-K portion o f the fusion protein was 73kD as
predicted. When all o f the gag region, including the protease homologue at the 3 ’end,
was expressed the protein showed an auto-proteolytic generation o f a smaller protein
seen by anti-gag antisera (Mueller-Lantzsch et al. 1993). The smaller protein was not
seen when the protease region was deleted.
HERV-K antibodies are very low in normal sera but are measurable in
leukaemias, pregnancy and testicular tumours (Tonjes et al. 1996). HERV-K
envelope protein is recognised by 12% of normal people as illustrated by the existence
of antibody that recognises it (Vogetseder et al. 1993). This is notable as HERV
antigens could be considered self, therefore the raising o f antibodies is not expected
and may explain some o f the association with autoimmunity.
HERV-K probably encodes retrovirus-like particles as mentioned above. An
example is HTDV (human teratocarcinoma derived virus), which exists in high
numbers in GH. These particles are specifically stained by HERV-K gag antiserum
(Boiler et al. 1993). Western blotting of GH cell membrane shows that HERV-K gag
antiserum reacts primarily with a 30kD protein, equivalent to the size o f the putative
core p30 of HERV-K (Boiler et al. 1993; Mueller-Lantzsch et al. 1993). Expression
of the HERV-K gag gene is sufficient for particle formation when transfected into
mammalian cells, arrested in budding stage, as shown by Korbmacher (Korbmacher et
al. 1993). However proper cleavage of gag may not occur as collapsed or condensed
cores are not observed as is seen with mature exogenous retroviral virions (MuellerLantzsch et al. 1993).
Solitary HERV-K LTRs are present in the human genome and these are
expressed as parts o f cellular transcripts in a variety of tissues (Leib Mosch et al.
1993). HERV-K LTRs show different activity in different tissues, they appear to be
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primed in embryonic cell lines but not in other cell lines e.g. hepatocarcinoma due to
mutations within the LTR making them only weakly inducible. This implies a cellular
selection for tissue type expression and implies a cellular function o f the LTRs in
these tissues.
The HML group o f viruses is closely related to HERV-K. Southern blot
studies showed that HML-1, 2, 3 and 6 were the most abundant with 60-80 copies per
human genome, transcripts were observed in several tissues (Medstand et al. 1993).

5.1.9

HERV-L
HERV-L was first isolated from placental RNA and the expressed region was

a large portion o f p o l (Cordonnier et al. 1995).

5.1.10

PotentialHERV Expression
Retrovirus-like particles have been detected in human sources not known to be

infected by exogenous virus, e.g. placenta (Dirksen et al. 1977; Johnson et al. 1990),
milk (Moore et al. 1971; Vaidya 1973), breast cancer biopsies (Axel et al. 1972),
monocytes from myeloproliferative disease (Boyd et al. 1989), multiple sclerosis
patients (Haahr et al. 1992), breast cancer cell lines (McGrath et al. 1974; Keydar et
al. ) and teratocarcinoma cell lines (Boiler et al. 1983; Bronson et al. 1984; Lower et
al. 1987).Many of these cases may now be explained by HERV infections as detailed
above, in particular functional HERV-K. Retrovirus-related antigens have also been
detected from similar sources and infectious retroviruses were not shown with these
particles, they appeared to be encoded by HERV. Some were encoded from a single
HERV, but others were encoded by complementation and by one or more families.
Rare functional ERV elements within a family of defective elements have been
discovered in the genomes o f other species (Reeves et al. 1984) and also among the
retroelements in humans (Matera et al. 1990; Dombroski et al. 1991; Deininger et al.
1992).
Recent searching o f the genome database has led to the discovery o f 150 novel
HERV elements and any expression of these is yet to be studied (Tristem 2000).
There may be other functional HERV ORFs yet to be elucidated and as more o f the
human genome is sequenced daily these will soon come to light.
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5.2

Biological Significance

HERV expression has been detailed in the previous section (section 5.1). The
impact of this expression is a source of much debate, however several instances of
true biological activity o f retrovirus-like sequences have been reported. In humans
intracistemal A particles have been detected illustrating true coding potential (Ono et
al. 1986).
HERV LTRs are found bound to cellular genes and have been shown to
control cellular gene regulation e.g. K in HLA-DQ (Kambhu et al. 1990). An
insertion of HERV 4-1 in the amylase E promoter has resulted in tissue specific
expression (Samuelson et al. 1990).
One HERV-W encoded protein (syncytin) appears to have been co-opted by
the cell for normal cellular function promoting formation o f the syncytiotrophoblast
layer in placenta (Mi et al. 2000).

5.2.1

Protection

At first glance HERV sequences may seem irrelevant in terms o f the biological
activity o f the cell due to their rapid deletion and mutation rate. However many cases
o f intact ORFs are reported and in particular the LTRs are often still intact. It is the
LTR that encodes the pathogenic potential of many HERVs as can be compared with
MMTV and JSRV. For example integration also has the potential to cause adjacent
expression enhancement via the LTR (Kambhu et al. 1990).
Endogenous retroviruses may offer cellular protection against infection by a
related pathogenic virus. The case of BaEV may be an example o f this as it appears to
have become completely endogenous. The mechanism o f protection may be receptor
interference and super antigen depletion o f susceptible host cells. HERV gene
products may also modulate immune functions and protect against superinfection by
related exogenous viruses. This is seen with endogenous retroviruses in mice (Choi et
al. 1991; Gardner et al. 1991). Further evidence to support this theory is the fact that
most HERVs appear to exist in a stable balance with the host as measured by a stable
copy number.
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5.2.2

Genome Plasticity

HERVs may function within the genome to provide some plasticity which can
be achieved by various mechanisms. HERVs provide variation within the genome
through reverse transcription. Up to 10% of the genome is derived from reverse
transcribed sequences and HERV is the main source of reverse transcriptase and
therefore this variation. HERV also provide a source of allelic variation and may be
used as markers of evolution (Arvidsson et al. 1995; Svensson et al. 1995). HERV
accumulate in hypervariable regions and in hot spots of recombination, it is possible
that HERV sequences may induce chromosomal recombination by hybridisation with
eachother.

5.2.3

Disease Association

5.2.3.1

Insertion
Retrovirus-like elements can cause disease by insertion into the genome,

several cases of this have been documented, e.g. (Munroe et al. 1990). Somatic cells
with insertion can lead to cell death, but if the insertion disrupts a tumour suppressor
gene or causes over expression of an oncogene, when inserted into their promoter,
carcinogenesis may result. In animal models there have been many examples o f ERV
causing this effect, e.g. (Munroe et al. 1990).
In humans transpositions of LINEs have been detected as de novo insertions
into Factor VIE genes leading to haemophilia type A in two cases (Kazazian et al.
1988). Colon cancer cases caused by disruption of the tumour suppressor
adenomatous polyposis coli gene have also been noted (Miki et al. 1992). Insertion
into the myc gene was seen in a breast cancer case (Morse et al. 1988). A disruption
of exon 48 of the dystrophin gene by an LI element was observed in a case of
muscular dystrophy (Holmes et al. 1994).
A chromosomal aberration via recombination o f closely related sequences is
another possible mechanism of disease induction by HERV. A possible example of
this is an S71 element on 18q21 involving the bcl-2 translocation t(14:18) in B cell
lymphomas and follicular tumours. This locus is also involved in some breast and
colon cancers. ERV1 is also found at the same locus.
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5.2.3.2

Gain of Function
Although a HERV may be disrupted the LTRs often retain activity, if the

element or even the active LTRs alone then insert elsewhere in the genome they can
act as a gene switch. Readthrough expression of cellular DNA sequences can also
occur causing the LTR induction of adjacent cellular genes. Cellular sequences
promoted by HERV-H LTRs have been isolated (Feuchter et al. 1992). An example is
a spliced fusion between HERV-H and an exon o f calbindin gene. This fusion is
expressed at the protein level (Liu et al. 1991). It leads to deregulation o f calbindin
expression and may have a role in malignancy as these were isolated from the cDNA
o f 2 prostate metastasis cell lines.

5.2.3.3

Immune System Effect
Retroviruses have been shown to encode super antigens within their Env

proteins. An example o f this is SAG on endogenous MMTV which can lead to an
increase in T cells and increased tumour causing potential (Golovkina et al. 1994; Xu
et al. 1996). A similar putative superantigen is encoded in a conserved region of
HERV, namely the TM region o f Env. A peptide (p!5E) encoded in this region has
been shown to be immunosuppressive (Cianciolo et al. 1985). Some replication
defective elements can still encode this region and it is actively expressed in some
leukaemia cell lines, possibly aiding escape from elimination by the immune system
(Cianciolo et al. 1984).
A HERV super antigen encoded by env of HERV-K10 has been linked with
insulin dependent diabetes mellitus (IDDM) (Conrad et al. 1997). This antigen may
be a marker o f IDDM rather than the initial trigger of the disease causing an
amplification o f immune response (Benoist et al. 1997). Expression o f HERV Gag
protein is also reported as determined by antibody in sera o f leukaemia and
autoimmune disease patients compared to normals (Krieg et al. 1992).

5 2.3.4

Source of Isolation
By considering the source of the HERV one can make an association with

disease. Many HERV were isolated by analysis of tumours or tumour cell lines either
directly or from cDNAs. An example of this is the breast carcinoma cell line T47D,
which has yielded three HERV sequences. All three were isolated from purified T47-
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D particles demonstrating their biological activity (Seifarth et al. 1995). These
particles are type B in appearance but two of the isolated sequences, ERV-FRD and
ERV-FTD, are derived from pol sequences from defective Class I endogenous viruses,
the third was ERV-MLN, a Class H HERV with similarity to HERV-K10.
The HERV HRES-1 with some similarity to HTLV-1 has been isolated as a
transcriptionally active element from numerous sources including MA-T cells,
melanoma, placenta and EBV transformed peripheral blood B-lymphocytes (Perl et al.
1989).
Antibodies, specific to HTLV p i 9, that may be cross-reacting with HERV, are
present in choriocarcinoma as well as early placental tissue (Suni et al. 1984).
Endogenous retroviral expression detected by antibody detection o f p30 was noted in
placenta as early as 1984 (Jerabek et al. 1984).
A retrovirus has been isolated from multiple sclerosis patients. It was initially
called LM7 and later referred to as MS-associated retrovirus (MSRV). RT-PCR was
used to isolate p o l sequences (Perron et al. 1997) and a complete element o f this was
isolated via its expression in placental tissue with intact regions in gag, p ol and env
(Blond et al. 1999) and it has now been placed in the HERV-W family.
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5.3

Expression o f Two N ovel HERVs

Human Leukaemia

As has been previously discussed human leukaemias can by roughly divided
into lymphoid or myeloid lineage and chronic or acute type. However leukaemia
cases can be further sub-divided for more accurate treatment control, patient response
and survival rate. A second reason for sub-typing is to provide a standard
classification for ease o f communication and co-operation between centres of
treatment and research. The basis for classification is primarily lineage and degree of
maturation o f abnormal proliferating cells. Further diagnosis can be made using
cytochemical, immunological, cytogenetic and molecular techniques. Below is a table
illustrating the sub-types as designated by the French-American-British (FAB) Co
operation.

Lineage

Abbreviation

FAB Code
MO

Leukaemia Sub-Type
Myeloblastic w/o cytologic
maturation

AML

Ml

Myeloblastic with minimal
cytologic maturation

Myeloid lineage
M2

Myeloblastic with significant
cytologic maturation

M3

Acute promyelocytic

M3 variant

Unusual hypogranular form

M4

Acute myelomonocytic

APL

Myeloid and

M4eo
AMML

M4 with eosinophilic
maturation

Monocytic

M4 with basophilic
M4baso
maturation
M5a
Monocytic

AMoL

Acute monoblastic with poor
differentiation

M5b

M5 with more differentiation

AEL

M6

Acute erythroid

AML

M7

Acute megakaryoblastic

Erythroid and
Myeloid
Megakaryoblastic

-144-

Chapter 5

Expression o f T wo N ovel HERVs

Mixed lineage

AMLL

Acute mixed lineage

Progenitor cells

AUL

Acute undifferentiated
Childhood Acute
LI

Lymhoblastic with
homogenous blast cells

Lymphoblastic

ALL

Adult Acute Lymphoblastic
L2
with more heterogeneity
Burkitt Like Acute
L3
Lymphoblastic

Mast Cell

Acute Mast cell leukaemia

Granulocytic

AML

Granulocytic Sarcoma

Mixed lineage

AML/ALL

Acute mixed-lineage

Myeloid

t-AML

Therapy related acute
myeloid
Chronic Lymphocytic
B-CLL
leukaemia o f B-lymphocytes
CLL
Chronic Lymphocytic
T-PLL
leukaemia of T-lymphocytes
Lymphocytic

Prolymphocytic o f B-cell
B-PLL
lineage
PLL
Prolymphocytic o f T-cell
T-PLL
lineage
HCL

Hairy cell leukaemia

Plasma Cell

PCL

Plasma cell leukaemia

Lymphocytic

ATL

Adult T-cell leukaemia
Chronic Myelocytic

CML
leukaemia

Myelocytic
CMML

Chronic Myelomonocytic
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5.3.1

Acute Myelocytic Leukaemia

Acute myeloid leukaemia and acute monocytic leukaemia (AML M5) especially are of
particular relevance to this thesis due to the observed differential HERV expression
within an AML M5 patient.

AML has previously been associated with retroviral activity. In a study o f AML cells
from mice over-expression of the LAP early transposon (Etn) RNA was observed as
compared to other tumour cell types (Tanaka et al. 2001). In the mouse common
retroviral integration points have been mapped, homologues of these have also been
found in humans and their locations mapped. Intriguingly these loci in humans have
been associated with leukaemia including AML (Van Cong et al. 1989).
In humans retroviral neutralising antibodies have been detected in AML and AML M5
cases (Kiss et al. 1989). In a Chinese study AML cells expressing retroviral antigens
and displaying RT activity and particle production were observed, this was not
detected in normals (Xu et al. 1998). HERV K expression has been studied in
leukaemia and a restricted expression pattern was observed with a far larger variety of
HERV K expressed in normal cells (Brodsky et al. 1993). This data emphasises a
potential biological role for HERV in AML and supports the analysis undertaken.

In 1955 AML was seen as always fatal but in 1965 it was questioned whether
treatment should be provided and now complete remission is achieved in most
younger adults. AML is less common in children, it is usually a disease o f the old but
with a small incidence in younger men. AML accounts for 40% o f all leukaemias in
the Western world. It is radiotherapy associated and there is an increase in cases
amongst survivors o f the Japanese atomic bombs. Benzene and other alkylating
agents lead to secondary AML. AML is typed by FAB using morphology or
immunotyping. It is clonal in nature with the abnormalities repeated in all leukemic
cells. AML accounts for 15-20% of childhood leukaemia and treatment is similar to
that for adults. Radiation, alkylating agents and topoisomerase -2 inhibitors all lead to
an increased AML risk. There is a high risk among monozygotic twins and some
genetic syndromes and heritable disorders, including Bloom’s syndrome, Fanconi’s
anemia and congenital bone marrow failure, Down’s syndrome carry a 10-20x
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increased risk. Patients who are less than two years old have a greater proportion of
M4 or M5, granulocytic sarcomas, higher CNS involvement and a high leukocyte
count.
AML MO
These cases involve only immature cells and the myeloid lineage can be detected by
expression o f myeloid antigens. These cases show a poor response to combination
remission induction therapy.
AML M l
In these cases more than 90% o f non-erythroid cells are poorly differentiated
myeloblasts, some cells have a few fine azurophilic granules.
AML M2
For this classification bone marrow must have a certain percentage o f blasts of
between 30-90% of the total bone marrow, with monocytic precursors making up less
than 20%.
AML M3
Acute promyelocytic leukaemia is so-called due to the proliferation o f promyleocytes
defined by 10% in adults and 4-8% in children of total bone marrow. Many
proliferating cells have heavy azurophilic granulations and nuclei shape is varied.
There is a variant o f M3 with minimal granulation that accounts for less than a third of
cases.
AML M4
M4 accounts for around 20-30% of adult AML cases. The granulocytes and
monocytes are present in varying proportions with the bone marrow monocyte
proportion varying between 20 and 80%. M4 with eosinophilia has an eosinophil
content in the bone marrow o f between 1 and 30%, these contain eosinophilic
granules and basophilic large granules. This variant has a good chance o f complete
remission.
AML M5

AML is the result of a transformation of a multipotent haematopoietic progenitor cell.
M5 shows abnormal differentiation restricted to monocytic lineage. There are two
types; one involving poorly differentiated monocytes named M5a that is more
common in children and the M5b subtype involving well differentiated monocytes. In

- 147-

Expression o f Tw o N ovel HERVs

Chapter 5

type A they are poorly differentiated with less than 20% of monoblasts in bone
marrow being promonocytes or monocytes and this variant is more common in
children. In type B more than 20% of the abnormal cells are promonocytes or
monocytes in the bone marrow.
Various specific chromosomal abnormalities have been associated AML M5, the most
common is the involvement o f the MLL region at 1 lq23 (Berger et al. 1980). This
region spans lOOkb and contains 21 exons and encodes several zinc finger domains
(Rowley et al. 1990). One common mutation seems to occur via the fusion o f Alu
elements (Strout et al. 1998). 1lq23 involvement is seen in other types o f AML but is
most common in M4/M5 (Satake et al. 1999).
Specific translocation partners for 11 q23 have been noted, one o f these is
t(9;l I)(p22;q23) occurring in 5-6% of cases o f M5. This translocation results in an
HRX-AF9 fusion forming a nuclear protein (Djabali et al. 1992; Nakamura et al.
1993; Odero et al. 2000). A second common translocation is t(10; 11)(pl2;q23)
forming an AF10 fusion, this is more common in AML M5 than other AML (Gore et
al. 2000).
The 1 lq l4 region encoding a clathrin assembly lymphoid-myeloid leukaemia gene has
also been associated with AML. In particular a translocation also involving 10 was
observed. This t(10;l 1) has been seen in the U937 leukaemia cell line (Dreyling et al.
1996) as well as in cases o f AML (Bohlander et al. 2000; Carlson et al. 2000).
Another noted translocation is t(10;16)(q22;pl3) found in some AML 5a. This
translocation involves the 16pl3.3 region encoding the Creb binding protein (Borrow
et al. 1996) and is seen in AML M4/5. An 1 lq23 (MLL) fusion to this CBP has also
been noted (Panagopoulos et al. 2000))

A rarer yet specific translocation is t(8;16)(pl l;p l3 ) which is seen in M4/M5 rather
than other AML subtypes (Borrow et al. 1996). This fusion protein is thought to
encode a chromatin acetyltransferase and may be involved in gene activation. An RTPCR readout has been developed for the CBP-MOZ fusion transcript encoded by this
translocation (Panagopoulos et al. 2000). This occurs in less than 1% o f M5 cases and
is characteristic o f a particular subtype with extensive erythrophagocytosis and
thrombocytosis (Heim et al. 1987).
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Other non-random aberrations have been noted these are mostly numerical changes
and deletions including +8, +21,-5 or 5q-, -7 or 7q-, 9q-, 20q- all are more common in
secondary AML and following MDS (Rowley 1990). Loss o f chromosomes 5 or 7 or
large deletions within them seem important as they are seen in 16% o f de novo AML
and 80% o f therapy associated (Dabaja et al. 1999).
AML M6
Acute erythroleukaemia accounts for 4-5% of all AML and can occur de novo or as a
progression from a myelodysplastic syndrome. Greater than 50% o f erythroid
precursors show dysmorphic features and there are more than 30% myeloblasts
present in the bone marrow. This type of AML is a clonal disorder from a multipotent
stem cell with broad myeloid potential.
AML M7
Acute megakaryoblastic leukaemia accounts for only 1% o f AML and is difficult to
diagnose via the bone marrow. In the blood there is different red cell morphology and
small myeloblasts. Megakaryoblasts are pleiomorphic ranging from very small to
quite large with up to three nuclei.

5.3.2

ALL

Acute lymphoblastic leukaemia arises from a clonal proliferation of
malignantly transformed lymphoid progenitors in the bone marrow. ALL is most
common in paediatric populations accounting for 80% o f acute leukaemia cases
compared with 20% o f acute cases of adults. Infiltration of other organs is often noted
especially liver, spleen, lymph and CNS.

5.3.2.1

Childhood ALL
Therapy for the majority of cases o f childhood ALL has now been successfully

achieved. This type o f leukaemia is the most common form in children, accounting
for 25% of new paediatric cancer cases or a population risk o f 4/100,000/year, the
peak o f cases is at three to four years. There are marked geographical frequency
differences and age distributions - B-cell variant is more common in industrialised
countries, although apparent regional clusters are not statistically significant. Specific
genetic changes in lymphoid progenitor cells lead to dysregulation o f cellular
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proliferation, clonal expansion and ALL. There are three types by FAB classification
LI in 85%, L2 in 14% and L3 in 1-2% o f cases. By using monoclonal antibodies the
B or T-cell lineage can be determined, 80-85% are from B-cell precursors and 15-20%
from T-cell precursors. By using CD markers and monoclonal antibodies B type can
be subdivided into lymphoid stem cell, early pre-B, pre-B and mature B. The T
lineage is subdivided using TCRs and monoclonals into stage I early, stage II
intermediate (midthymic) and stage III late. Most T-cell leukaemias are early,
lymphomas tend to be mid or late.

S.3.2.2

ALL in Adults
There is a low incidence of ALL in early to mid life, increasing after the age of

50 to 15% o f all acute leukaemias. Treatment is usually by cyclical combination
therapy to induce complete remission, then followed by post remission intensive
chemotherapy that may involve a bone marrow transplant. Maintenance
chemotherapy using antimetabolites and CNS treatment (intrathecal chemotherapy
and cranial irradiation) is also prescribed. In mature B-ALL short intensive
chemotherapy without maintenance is effective. Philadelphia chromosome occurs in
20-30% o f ALL cases. Only one third of older (>60years) are cured but the complete
remission rate increases to 80% with younger cases. T-ALL is more common than in
children (25%), the pre-T lineage is more frequent in adults. T-ALL tends to affect
males and is associated with high wbc count, CNS involvement and medistinal
tumour and has a poor prognosis. This has improved recently with the use o f CPA
and ara-C. B-ALL accounts for 75% of adult ALL cases, with early pre-B being more
frequent than in childhood ALL. Common ALL is the most frequent type with an
overall survival rate o f 25-35%, the presence o f Philadelphia chromosome being a
poor prognostic marker. Pre-B has similar survival figures, early pre-B has poor
prognosis with 60-70% having the t(4;l 1) translocation. Mature-B ALL occurs more
commonly in males and is associated with lymphadenopathy, abdominal tumour,
renal, bone and CNS involvement.
ALL LI
Childhood ALL is typified by distinctive homogeneous blast cells o f small size and
high nucleus to cytoplasmic (N:C) ratio.
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ALL L2
Adult ALL shows greater cellular heterogeneity, over 20% o f cells are large with
nuclear clefting or indentation. The N:C ration is lower than in LI with nucleoli
presence and more cytoplasm.
ALL L3
Burkitt-like ALL is rarer accounting for only 2-5% o f all ALL cases. The cells
involved are identical to those of Burkitt’s lymphoma, being large and heterogeneous.

5.3.3

Rare Forms of Acute Leukaemia

5.3.3.1

Acute Mast Cell Leukaemia
This leukaemia is o f monocyte-macrophage lineage and is not genetically

related to basophilic granulocytes. 15% of patients with malignant systemic
mastocytosis develop pure mast cell leukaemia. The white blood cell count contains
more than 30% mast cells.

5.3.3.2

Granulocytic Sarcoma
Granulocytic sarcoma occurs in some myelogenous tumours and 3% o f AML

cases. The sarcomas appear green in dilute acid and are therefore called chloromas,
they are also known as myeloblastoma. These are most common in children and can
arise before signs in blood or bone marrow, or at relapse.

- 151 -

Expression o f Tw o N ovel HERVs

Chapter 5

5.3.3.3

Acute Undifferentiated Leukaemia (AUL)
The systemic use o f lymphoid and myeloid monoclonal antibodies and flow

cytometry has led to a reduced number of unclassified leukaemias. However the
definition o f undifferentiated leukaemia is a complete lack of morphologic
differentiation by light microscopy. There is some lineage heterogeneity in acute
leukaemia and some can be biphenotypic i.e. both myeloid and B lineage.

5.3.3.4

Acute Mixed-Lineage Leukaemia (AMLL)
Stass reported a large study o f acute leukaemia (Stass et al. 1986). 10% o f

ALL cases had myeloid antigens and 25% o f AML cases had lymphoid antigens. By
using EM myeloid cells are seen in ALL or unclassified leukaemia leading to a
definition of acute mixed lineage. A lineage switch is possible and is more frequent in
children, especially from lymphoid to myeloid at relapse.

5.3.3.5

Acute Mixed Leukaemia
This is defined by flow cytometry with two or more phenotypically different

clones proliferating together. It usually occurs in blast crisis o f CML or chemotherapy
related cases.

5.3.3.6

AML with Trilineage Dysplasia
Monodysplastic syndrome leads to overt AML in 20-30% o f cases. Cases of

AML with trilineage monodysplastic features (TMDS) have a poorer remission than
AML without.

5.3.3.7

Therapy-Related Acute Myeloid Leukaemia (t-AML)
AML can result following alkylating agent or radiation treatment o f a

neoplasm. Usually more than 30% of bone marrow blasts are abnormal. In most
cases the same chromosome abnormalities are seen as in MDS.
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5.3.4

Chronic Lymphoid Proliferations

5.3.4.1

Chronic Lymphocytic Leukaemia
CLL is a chronic proliferation o f malignant B-lymphocytes, they appear small

and well differentiated by light microscopy expressing B markers on the cell surface.
The numbers increase because o f prolonged survival, altered apoptosis and increased
proliferation leading to 5-10 x l0 9/l for diagnosis. The B-lymphocytes have a rim of
cytoplasm and are small with a high N:C ratio. Infiltrate o f the bone marrow occurs in
varying degrees. In the early stages the bone marrow and blood are affected, later the
lymph nodes, liver and spleen, which leads to lymphadenopathy, splenomegaly and
hepatomegaly and later bone marrow failure usually occurs. CLL from clonal Tlymphocytes occurs but is rare, CLL is also rare in people less than 30 and generally
has a male to female ratio o f 3:7 in all ages. Incidence rates vary from county to
county implying viral or genetic factors. Further diagnosis can be made by looking at
the CD markers using antibodies, as a specific profile is present for CLL. The stage of
CLL can be divided by its seriousness, some patients survive for less than one year
and others for over 20 years post diagnosis. The staging goes from 0 at the least
serious to IV at the most:0

Lymphocytosis and bone marrow involvement.

1

Node enlargement.

II

Splenomegaly or hepatomegaly.

HI

Anemia.

IV

Thrombocytopenia.
Bone marrow biopsy pattern is also studied, if it is diffuse then that is a poor

sign. Progression o f CLL to acute blastic leukaemia is rare at less than 1%. If it does
happen then it is generally to L2 ALL. More common in CLL patients is the
development o f large cell lymphoma.

5.3.4.2

Prolymphocytic Leukaemia
PLL cases usually have a high wbc count and splenomegaly without

lymphadenopathy. High-density surface immunoglobulins surround the
prolymphocytes. More than 55% of all wbcs and more than 70% o f all lymphocytes
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are prolymphocytes in PLL cases. These cells are large with round nuclei, low N:C
ratios and basophilic cytoplasm.

5.3.4.3

Hairy Cell Leukaemia
HCL or leukaemic reticuloendotheliosis is characterised by pancytopenia and

splenomegaly with hairy cells in peripheral blood. Hairy cells are so called due to
numerous cytoplasmic projections of irregular villi. They are large cells with a low
N:C ratio. The bone marrow is generally involved and there is a remission rate of
90% with the use o f therapy. It is a rare form o f leukaemia accounting for 2% of all
leukaemias, with a high male to female ratio of 5:1 and HCL generally affects 30-75
year olds. The particular type o f B-cell (hairy cell) which is not normally seen can be
induced in CLL patients by Bryostatin 1. Cytokines are important for HCL cells, in
vivo HCL cells release TNF, which may inhibit bone marrow precursor growth. In
vitro TNF addition leads to increased survival of HCL cells. LL-2R (CD 25) is also
expressed by HCL cells and is the low affinity receptor, the medium affinity (p75) DL2 receptor is also expressed at lower levels. Diagnosis is by the morphology o f the
hairy cells, they are B-lymphocytes, and have open dispersed chromatin, pale
cytoplasm and agranular, multiple cytoplasmic hair-like projections. The cells are at a
late stage o f maturity most similar to a plasma cell. Variant HC is an intermediate
between prolymphocytes and typical HCs.

5.3.4.4

Splenic Lymphoma with Villious Lymphocytes
SLVL has a wbc count of 3-40x109/l. This type can be differentiated from

HCL by a small monoclonal immunoglobulin band in serum and urine, as well as
different circulating cells from HCs. The villi are often shorter and commonly only at
one pole with the N:C ratio being higher and the immunology being similar to B-PLL.

5.3.4.5

Leukaemic Phase of non-Hodgkin’s Lymphoma.
Non-Hodgkin's lymphoma may present as or evolve to a leukaemic phase

(lymphosarcoma cell leukaemia) similar to CLL. The most common type to do this is
follicular lymphoma with circulating peripheral blood cells. Circulating lymphoma
cells are cleaved and smaller than in CLL cases with high N:C ration and a thin rim of
cytoplasm.
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5.3.4.6

Intermediate Non-Hodgkin’s Lymphoma
These cases are associated with lymphoma cells in peripheral blood. The cells

are pleomorphic with slight nuclear irregularities, indentations or clefts and are similar
to mixed CLL.

5.3.4.7

Lymphoplasmocytic Lymphoma
These cases have circulating lymphoid cells and may have a serum monoclonal

immunoglobulin band.

5.3.4.S

Plasma Cell Leukaemia
2% of patients with multiple myeloma may, at terminal phase, have plasma

cells in peripheral blood. This is distinguishable from primary plasma cell leukaemia
which is usually an acute disease and resembles acute leukaemia. The FAB has
designated two groups o f plasma cell leukaemia, one with small, heterogeneous cells
ranging from lymphocytes with basophilic cytoplasm to plasma cells and a second
group with blast like cells. Immunophenotyping and serum investigation can
differentiate between the sub-types.

S.3.4.9

Mature T-Cell Proliferations
These proliferations are easily identified by immunophenotyping and

morphology.

5.3.4.9.1

T-Chronic Lymphocytic Leukaemia (Large Granular Cell
Lymphocytosis)

In T-CLL the lymphocyte count is greater than 5x l0 9/l for more than 6 months.
The cells are generally large granular lymphocytes and account for 50-95% of
peripheral blood lymphocytes. Rearrangements o f TCR genes leading to clonal
proliferation are common with bone marrow variably involved. Cytopenias are also
common probably caused by bone marrow suppression and factors from malignant
cells.

- 155-

Expression o f T wo N ovel HERVs

Chapter 5

5.3.4.9.2

T-Prolymphocytic Leukaemia

20% o f PLL are o f the T-lineage and they are very hypercellular with
lymphocytosis of greater than 100xl09/l. PLL is generally aggressive with
lymphadenopathy and splenomegaly being common. Normally T-PLL cases have
similar morphology to B-PLL so immunology is used to distinguish them. The bone
marrow is diffusely infiltrated and there is often fibrosis.

5.3.4.9.3

Sézary’s Syndrome

This syndrome is a generalised ex-foliative erythroderma with atypical T
lymphocytes in the blood. There are two variants Sézary cells and Lutzner-like cells.
Sézary cells are large with near tetraploid chromosome number and are less common.
Lutzner cells are smaller and resemble cells of mycosis fungoides, all are CD3
positive and CDS negative.

5.3.5

Chronic Myelocytic Leukaemia

CML is a clonal disorder o f multipotent hematopoietic stem cells with
malignant proliferation in bone marrow o f granulocytic and megakaryocytic cells.
There are more mitotic divisions than normal and cellular life span is longer. The
Philadelphia chromosome translocation is common involving the ABL gene from
9(q34) and chromosome 22 adjacent to BCR gene in band q l 1. This translocation
leads to a hybrid gene BCR/ABL 1 encoding a 210kD fusion protein with tyrosine
kinase activity, this protein plays a role in controlling cell growth in CML. T
lymphocytes appear spared and B cells are involved in 25% o f patients.
There are three phases of disease chronic or indolent (1 to 3.5 years) that is
controllable, followed by accelerated then acute or blastic phase within 6 months that
is terminal. 20% of cases develop blastic phase without an accelerated phase and
another 20% die from complications before blastic phase is reached.

5.3.5.1

Chronic Indolent Phase
The first phase o f CML is characterised by granulocytic leukocytosis, elevated

platelets in blood and hyperplasia of the bone marrow. Few if any erythrocytic
abnormalities are present. In order to differentiate between the proliferative phase of
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chronic myelomonocytic leukaemia (CMML) and atypical CML the following criteria
are used. In the blood CMML monocytes are greater than 10%, less than 10%
immature granulocytes and less than 2% basophils. In CML cases there are 2-10%
monocytes, 10-20% immature granulocytes and less than 2% basophils.

5.3.5.2

Accelerated Phase
This phase has less than 30% blasts and the bone marrow may show increased

reticulin formation with dysplastic features of megakaryocytic and/or erythrocytes. In
the peripheral blood platelets and haemoglobin numbers are decreasing and wbc count
is rising, fever and splenic pain are also common.

5.3.5.3

Acute Phase
80% of patients with CML progress to acute or blastic phase with a bone

marrow and blood picture similar to that of acute leukaemia including greater than
30% blasts. In 75% o f patients the morphology is similar to that o f myeloid variants
of AML (M0 to M7), the remaining cases resemble ALL.

5.3.6

Myelodyplastic Syndromes (MDS)
MDS covers many alternative terms including pre-leukaemia, smouldering

acute leukaemia, refractory anemia, refractory anemia with excessive blasts,
smouldering myeloid states and dyshaematopoiesis. Only 20% of MDS terminate in
overt AML. Primary acquired MDS and secondary MDS often occur after exposure to
radiation, chemotherapeutic drugs or toxins. MDS is most common in the elderly
with over 90% o f all cases affecting those over 60 years old and in children, when
progression to myeloid leukaemia is usually rapid. MDS has been standardised
through FAB co-operative into five sub-groups. Diagnosis is based on the presence of
dyspoiesis of cells, myelocytic, erythrocytic and megakaryocytic cells in the bone
marrow and cytopenia in blood.

5.3.6.1

Refractory anemia
RA is an MDS sub-type characterised by less than 11 RBC g/1 and is always

refractory with a reticulocyte count of less than 10xl09/l. Blast cells are generally
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absent or less than 1% in a blood smear and less than 5% in the bone marrow. RA
accounts for 17% o f MDS and there is leukaemic transformation in 10% o f patients.

5.3.6.2

Refractory anemia with ringed Sideroblasts
This is similar to RA but with greater than 15% ringed sideroblasts in the bone

marrow, bone marrow blasts make up less than 5%. It rarely evolves to chronic
myelomonocytic leukaemia in pure RAS. RAS-MDS with iron overload and
dysplastic features has a worse prognosis.

5.3.6.3

RA with Excess of Blasts
This form o f RA has obvious dysmyelopoietic features in the bone marrow.

The blood has less than 5% blasts and the bone marrow 5-20% blasts. There is more
frequent progression to AML than for RA or RAS with 30% leukaemic
transformation.

5.3.6.4

RAEB in transformation
When the blast cells make up between 20% and 30% in the bone marrow or

Auer rods are present in blasts the cases are referred to as RAEB in transformation.
50-80% o f these cases progress to overt leukaemia.

5 3.6.5

Chronic Myelomonocytic Leukaemia (CMML)
CMML has a similar morphology to RA with leukaemic progression similar to

RAEB at around 20%. Peripheral monocytosis is present with a count o f greater than
Ix l0 9/1 and there is also a bone marrow proliferation o f monocytes. Clinical course is
related to percentage o f blasts, leukocyte count and degree o f monocytosis.
CMML with less than 5% blasts and few or no dysplastic myeloid blasts is the
least likely to progress followed by CMML with 5-20% blasts and clear dysmyeloid
cells. The most likely is referred to as CMML in transformation, as there is a high
progression rate to Acute MML and this has between 20% and 30% bone marrow
blasts.
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5.3.7

Chromosomal Abnormalities

Recurring and consistent chromosomal abnormalities have been identified in
the majority o f leukaemia types as reviewed in 1994 (Rabbitts 1994). These
abnormalities can take three forms: deletions, inversions or translocations and may be
specific, affecting a tumour type, or idiopathic, only affecting a particular patient.
Leukaemia causing deletions usually result in the loss o f a tumour suppressor
gene that leads to a clonal growth advantage in a pluripotent haemopoeitc cell.
In cases where a translocation or inversion has occurred this falls into two
categories. The first type involves a T-cell receptor or immunoglobulin protein
relocating within close proximity to a proto-oncogene, thus leading to activation of the
oncogene. A well characterised example of this is in Burkitt's lymphoma where the cMYC proto-oncogene is brought close to an immunoglobulin or TCR in the joining or
diversity segment resulting in MYC activation. The specific translocation
t(8;14)(q24;q32) is the most common occurring in 90% o f cases.
The second group of translocations or inversions lead to breaks within the
coding regions o f two separate genes. These cases lead to the production o f fusion
proteins, often transcription factors are involved in the fusion implying altered
transcription is important in tumour progression. A well studied example o f a tumour
specific fusion protein is BCR and cABL on the Philadelphia chromosome in CML
cases. Tumour specific fusions are the most common chromosomal abnormalities
seen in leukaemia cases and transcription factors appear to be the most common target
(Rabbitts 1994). The fusion proteins are possible therapy targets as they are specific
to the tumour cells themselves.

5.3.8

Causes of Leukaemia

Leukaemia like all cancer is a multistep disease, rare mutation within a
haemopoietic stem cell leads to leukaemia but it is not an on or off switch. Several
subsequent steps conferring growth advantage are required for leukaemic progression.
The role o f viruses has already been discussed and the possible role o f HERVs is
addressed in the next section. The other main initiators o f leukaemia are chemicals,
radiation and a hereditary basis.
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5.3.8.1

Chemicals
Myelotoxic agents that can cause types of leukaemia include benzene and

toluene and are common in an industrial setting causing an increased risk o f AML.
There is also an increased risk o f AML amongst smokers possibly due to benzene.
Other risk chemicals are alkylating agents, cytotoxic alkaloids and antibiotics e.g.
chloramphenicol. Chemicals most commonly cause AML either de novo or via
multiple myeloma, they can also cause Waldenstrom’s macroglobulinemia and acute
leukaemia. AML often occurs following chemotherapy for another form o f leukaemia
or unrelated disease. Drugs may be activating a latent leukaemogenic virus, or cause
the induction o f chromosome abnormalities, or it may be a reparative response to bone
marrow hypoplasia or aplasia, or just a result of general immunosuppression o f the
host. Other forms o f leukaemia can develop following chemotherapy but at a very
low incidence and is probably coincidentally as sporadic form.

5.3.8.2

Radiation
An excess o f leukaemia amongst radiologists was noted in the 1940s, two

famous victims were Marie Curie and her daughter Irene. Studies o f Japanese atomic
bomb survivors have shown a definite link. Radiation causes DNA strand breaks,
which, when they are double stranded can lead to chromosomal rearrangements and
then to leukaemia e.g. Philadelphia chromosome in CML or ALL. The bone marrow
has high radiation sensitivity and is reflected in the types of leukaemia generally
caused by radiation exposure, there are few cases of CLL, many o f CML and AML is
common. ALL is only seen in younger individuals and no cases o f ATL are radiation
linked. There is a risk of secondary leukaemia (AML or CML) after radiotherapy or
after repeated X-rays.

5.3.8.3

Hereditary Basis
In animals the hereditary basis plays an important role in leukaemia. This may

be due to later genetic rearrangements because of inherited characteristics favouring
leukaemogenesis, for example defective responses to environmental carcinogens and
infections, DNA repair and detoxification o f mutagens. There is a possible increased
familial risk associated with CLL and there is a very weak association with CML.
There appears to be a high susceptibility to HTLV associated ATL amongst some
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Japanese families. A link between childhood common ALL and HLA-DPB1 has been
established implying an infectious aetiology (Taylor et al. 1995). Down’s syndrome
containing trisomy 21 have a 20x greater risk o f developing leukaemia.

5.3.9

Retroviruses and Leukaemia

The association between retroviruses and leukaemia is very well established.
Numerous mammalian retroviruses both exogenous and endogenous have been shown
to cause leukaemia including those affecting primates (for more information see
Chapter 1). Chapter 3 detailed the case o f the exogenous retrovirus HTLV-1 and ATL.
Integration o f HERV may have great importance in leukaemia as specific
chromosomal abnormalities often present in human leukaemias causing changes in
expression of cellular genes (Rabbitts 1994).
Virus-like particles in EBV negative leukaemic cell lines derived from AML
have been reported implying a potential for HERV particle production (Karpas et al.
1980).
A HRES-1 transcript o f 6kb has been isolated from the RNA o f cell lines
derived from leukaemia including MA-T cells, HL-60 promyelocytic leukaemia cells
and MOLT-4 T-cell leukaemia illustrating active expression in leukaemia of this
HERV (Perl et al. 1989).
Antibodies to a protein p30, similar to SSAV, have been detected in a case of
human CML suggesting endogenous HERV activation in this patient as compared
with normal, in this case a sibling (Derks et al. 1982). A protein related to SSAV
gp70 can also be detected in the sera of normal leukocytes and those o f leukaemia
patients. It is proposed that the presence of such antibodies is detrimental to the
prognosis o f acute leukaemias or CML in blast crisis reducing survival time and
implying that HERV expression may accelerate leukaemia progression (Hehlmann et
al. 1984).
The complete sequence of the HERV SMRV-H, now a member o f the HERVK family, was isolated from a lymphoblastoid cell line of ALL origin (Oda et al.
1988). This line produced D type particles as classified by EM.
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HERV 4-1 mRNA transcripts are detectable in a T cell acute lymphocytic
leukaemia cell line (8402) as well as colon and placental tissue (Gattoni Celli et al.
1986).
HERV-K10 expression is very low in normal sera but proteins have been
detected in certain tissues. Antibodies to HERV-K Gag proteins have been seen in
leukaemias, pregnancy and testicular tumours and the Gag protein has been further
placed by immunoperoxidase detection to the cytoplasm of cells (Sauter et al. 1995).
HERV-K pol expression has also been observed in leukocytes by PCR and certain
transcripts were preferentially expressed in leukaemia cases (Brodsky et al. 1993).
The HERV-S71 that is closely related to simian sarcoma associated virus
(SSAV) has been shown to be positioned at 18q21 which is involved in bcl-2
chromosomal translocations t(14:18) in B cell lymphomas and follicular lymphomas.
S71 hybridising transcripts were also seen in the leukaemia cell line K562. A
prominent 2.9kb transcript and minor 2.5, 3.6kb transcripts were observed (LeibMosch et al. 1992).
The existence o f antibodies to the conserved retroviral protein p l5 E is further
evidence for HERV protein expression in leukaemia cell lines (Cianciolo et al. 1985).
Gag related proteins and pl5E related proteins have also been noted by
antibodies in sera o f leukaemia patients and leukaemia cell lines as well as in
autoimmune disease (Krieg et al. 1990).
HERV-H expression has also been noted in both normal leukocytes and T-cell
leukaemia cell lines (Lindeskog et al. 1997).
There are vestigial remnants of animal leukaemia causing viruses in human
DNA, for example FeLV related sequences. This suggests previous epidemics in
humans in the past (Stoye et al. 1985). There are also clusters o f human leukaemia
which could be caused by an as yet unknown viral agent (Stoye et al. 1985). One
potential candidate is childhood ALL that appears to be caused by an infectious agent
(Kinlen 1988; Kinlen et al. 1990; Greaves et al. 1993) however leukaemia seems to be
a rare outcome from infection by a common virus.
Another consideration for the leukaemic potential of ERVs is that of
recombination with an exogenous virus. An example o f this in the murine system is
Harvey and Kirsten murine leukaemia viruses from exogenous murine leukaemia

-162-

Chapter 5

Expression o f Tw o N ovel HERVs

virus and endogenous VL30 elements (Chien et al. 1979; Ellis et al. 1980). This
capacity for recombination makes any expression o f HERVs potentially pathogenic.

In the previous sections the expression of human retroviral elements has been
detailed along with the possible involvement with various disease states. Looking at
the level o f disease caused in other mammalian systems it seems unlikely that humans
have escaped the influence of further retroviruses and therefore the hunt for
pathogenic viruses should continue. Leukaemia is a sensible disease to investigate
any retroviral involvement due to the close historical association o f leukaemia and
retroviruses.
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5.4

Results

5.4.1

RNA Expression

In order to try to establish any expression of HERV 1 or HERV2 total RNA
was extracted from peripheral blood lymphocytes from 10 normal blood donors by the
protocol previously detailed (section 2.2.12). Total RNA was also extracted from the
cells of 10 leukaemia/lymphoma patients these are detailed below and were all
obtained from Dr. Abraham Karpas.

Table 5.1

Leukaemia cases analysed.

Case Number

Abbreviation

Leukaemia Origin

394

Follicular

Follicular Lymphoma Ascites

442

AML

Acute Myeloblastic Leukaemia

494

Lymphoma

Lymphoma Pleural Effusion

792

AML

Acute Myeloblastic Leukaemia

944

AMoL

Acute Monocytic Leukaemia

946

AML

Acute Myeloblastic Leukaemia

992

PCL

Plasma Cell Leukaemia

1081

AMML

Acute Myelomonocytic Leukaemia

1154

CML

Chronic Myeloblastic Leukaemia

1369

AMML

Acute Myelomonocytic Leukaemia

All 20 total RNA samples were run on 0.8% agarose gel to separate the
transcripts. All RNAs were quantified by OD at 260 and 280nm to determine purity
and concentration. All 20 RNAs had a 260 to 280 ratio o f 1.9-2.0 indicating pure
RNA preparations. Approximately 20pg o f total RNA was loaded per lane as
measured by OD26o- This gel was then northern blotted as previously described
(section 2.2.13). The resultant filter was then ready for probing by the isolated HERV
elements. In order to confirm probe activity and specificity a small amount of
unlabelled probe was run on the gel as a positive control and a small amount o f vector
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as a negative control. To give an estimate of RNA loading a p-Actin probe was also
used on the same gel after stripping the filter (Figure 5.1).

Figure 5.1

Northern Blot

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Northern blot o f total RNA probed with a radiolabeled (3-actin probe, the expected
height o f 1.8Kb is indicated by an arrow. The intensity indicates the equal loading of
RNA. Lanes 1-10 are normal donors, lane 11 and 12 are the positive control HERV
inserts. Lanes 13-22 are the leukaemia cases 394,442, 494, 792, 944, 946, 992, 1081,
1154, 1369 for details see table (Table 5.1).

5.4.2

Probes
HERV1 and HERV2 were radiolabelled by random priming as detailed earlier

(section 2.2.4). Only cloned inserts were used and the first screen was performed
using the smaller fragments.
No hybridising transcripts were seen using either probe by this technique
although the positive and negative controls both worked correctly indicating that the
probes were specific and correctly labelled. The RNA also appeared to have blotted
successfully as shown by the p-Actin probe (Figure 5.1). Alteration o f stringency of
washing and hybridisation conditions did not reveal any transcripts and only resulted
in higher background (data not shown).
In an attempt to improve sensitivity riboprobes were produced as described
(section 2.2.4). RNA-RNA species are more stable than RNA-DNA and therefore
riboprobes should be more specific and reduce background so more stringent washing
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can be employed. However in this case riboprobes were also unsuccessful and no
specific transcripts were observed.
Non-radioactive labelling o f the probes was also employed utilising the
digoxygenin system, incorporating a digoxygenin labelled dUTP instead o f P32
labelled dCTP, however the background appeared even higher using this technique so
radioactive labelling was preferred. Radioactive labelling also had the advantage of
repeated probe stripping with little loss o f signal as measured by the positive control.
From this data it seemed that any expression was at a very low level if at all in
leukocytes. However this was not unexpected due to the low copy number as
determined by a very weak Southern blot signal and the number o f stop codons
present in the coding region. Therefore an attempt at RT-PCR was undertaken.

5.4.3

RT-PCR
After analysis of the obtained sequences o f HERV 1 and HERV2 no significant

ORFs were noted from HERV2 in the correct reading frame for retroviral peptides,
therefore efforts were concentrated on HERV1. Figure 5.2 below shows potential
coding regions for HERV1 and 2. Vertical lines represent stop codons; ATG start
codons are shown by half lines.

ORF maps o f HERV 1 (A) and HERV2 (B).

Figure 5.2
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Using this analysis several PCR primers were designed covering potential
ORFs. All of the primer sets were confirmed to be functional by testing on the HERV
clone. Their specificity was tested by using vector sequences as a template and in all
cases bands of specific size were obtained by using the HERV clone as a template
(data not shown).
One pair of primers was successful yielding faint bands in both normal blood
lymphocytes and in leukaemia patients (Figure 5.3). This primer set covered bases
1116 to 1995. Although the RT-PCR was not quantitative a slightly higher expression
level appeared to be present in the acute leukaemia cases compared to the normals and
the lymphoma cases, in particular with the AML cases 442, 792, 944. The primers
used are given in Chapter 2 (section 2.2.14).

Figure 5.3

RT-PCR

Panel A shows RT-PCR using HERV1 primers as given in Chapter 2, the arrow
indicates the expected size o f approximately 880bp.
Panel B shows the p-Actin RT-PCR using the (3-Actin primers given in Chapter 2
(section 2.2.14) the arrow indicates the expected size o f 540bp. Lane 21 is a positive
P Actin control PCR using the same primers.
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Lanes 1-10 are leukaemia cases 442, 792, 944, 946, 992, 394,494, 1081, 1154, 1369
for details see table above (Table 5.1). Lanes 11-20 are normal RNA samples.
Negative controls were also performed using RNA prior to RT reaction these controls
were all negative.

In order to confirm the transcript sequence direct sequencing o f the PCR
products was performed. This confirmed the expected sequence o f HERV 1 in all the
analysed cases. Where the amplified signal was weak this was re-amplified to yield a
stronger signal for sequencing.

5.4.4

PAC Mapping

In leukaemia cases specific chromosomal locations appear to be important for
the advance o f disease (Rabbitts 1994). Many o f these locations encode specific
oncogenes or tumour suppressors and these genes appear to change their expression in
leukaemia cases. Therefore the putative chromosomal location o f any HERV
associated with leukaemia was o f interest. In order to study this localisation PAC
DNA was utilised. The clones from which HERV1 and 2 were isolated were labelled
with fiuorochromes by nick translation as described (section 2.2.15). These probes
were then used to hybridise to normal metaphase spreads (Vysis), examples o f the
resultant hybridisations are shown below (Figure 5.4). Image Capture software,
SmartCapture 2 {Digital Scientific) was used to capture images, the banding analysis
was performed using the Quipps analyser package (Vysis).
This led to a chromosomal location as indicated by the arrows. For 26313 the
band hybridised to as indicated by pairs o f spots on both chromosome partners was
12q21. This gives the integration point of HERV2, as this was the PAC from which
the sequence was derived. A similar process for HERV1 revealed an ambiguous
result as indicated by 2 pairs o f arrows (Figure 5.4B). This implies strong sequence
homology over this PAC DNA on two chromosomes and therefore an integration site
on 3q21 or lp31.
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PAC FISH

Figure A: PAC FISH o f 26J13 to a norm al m etaphase spread.
Figure B: PAC FISH o f 27K22 to a norm al m etaphase spread.
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5.5

Discussion
This Chapter has detailed the isolation o f a transcript from the highly disrupted

HERV1 element. This is the first report o f expression of a member o f the HERV-XA
family as previous members were only isolated as genomic inserts. The existence of
transcripts from even a disrupted element suggests that more intact members of this
family may be present in the genome with greater levels o f expression and possible
biological actions. Other cases of HERV with biological activity have been discussed
earlier and support this theory.
The potential involvement o f this HERV1 transcript in leukaemia cases was
investigated by RT-PCR and in most cases analysed the expression was very low as in
normal peripheral blood RNA. However in three AML cases there was an apparent
enhanced expression, although this was not tested quantitatively. In particular cell
line 944 derived from an AMoL case gave a strong positive signal. This cannot be
explained by an overloading o f RNA as the (3-Actin RT-PCR was at a similar level to
the other samples tested. It would be o f interest to investigate the integration site
within this case and any possible involvement in a chromosomal translocation that
may have led to its over expression.
The HERV1 transcript covers an area of approximately 800bp. This extends
from the 3' portion o f the protease into Domain 3 o f the reverse transcriptase. It is
unlikely that this transcript encodes a functional protein but taking into account co
operation with other retroelements this possibility cannot be discounted. The reason
for the truncated nature o f any peptide would be a frame shift with respect to a
putative retroviral sequence at base 1609 leading to a stop codon soon after.

PAC screening led to the identification o f potential integration sites.
Integration close to any transcribed gene could cause activation o f the element but
integration close to transcription factors, immunoglublin-like genes, oncogenes or
tumour suppressors is o f most note in the context of leukaemic studies. The
integration site for HERV2 was determined as 12q21. The region was investigated
and several genes are encoded on 12q21 these include PAR4 that interacts with the
WT1 (Wilms tumour supperssor). It is unlikely that HERV2 has integrated close to
any coding region however due to its lack o f expression. For HERV1 two loci were
determined lp31 and 3q21 this finding was confirmed by studying 10-15 metaphase
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spreads o f which an example is shown (Figure 5.4). To determine which is the correct
integration site PCR primers for known genes within each region could be used.
These primers could then be used for amplification of the known genes using PAC
27K22 as a template. However both loci were investigated for known genes. Many
active genes are present on both loci. On lp31 the most relevant gene is IL-12
receptor beta 2, integration close to this gene would lead to over expression of the
HERV in peripheral blood. 3q21 as a locus has been associated with chromosomal
translocations in some AML cases (Wieser et al. 2000) and therefore is o f great
interest as an integration site for HERV1. The transcription factor GATA-2 is located
in this region (Wieser et al. 2000). Other genes present at this locus include CD80
and CD86 (B7-1 and B7-2) which are both regulatory signals for T lymphocytes and
include immnunoglobulin domains. These domains are often involved in genetic
rearrangements. A further gene worthy o f note is MCM 2 or CDCL1 (cell division
cycle like 1) that is involved in the onset o f DNA replication. Integration o f HERV 1
in proximity to any o f these genes may influence HERV1 expression patterns and
could possibly influence leukaemogenesis.
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Chapter 6:

General Discussion

Throughout this thesis links between human retroviruses and leukaemia have
been reinforced. HTLV-I is the only human retrovirus that has so far been shown to
cause leukaemia in the form ATL.
Chapter three detailed the case o f a European Caucasian woman with ATL. A
cell line had previously been derived from this patient and this line, Karpas 1682 was
studied. The aim of the work discussed in Chapter 3 was to isolate and type the virus
in order to determine any possible new strain of HTLV-I. The primary objective was
to detect viral DNA, as anti-viral antibody presence had already been illustrated. The
first method o f detection was Southern blotting which resulted in a single band
implying a monoclonal integration as is expected in ATL cases. Following the
successful detection o f HTLV-I sequences the intention was to perform multiple
restriction digestions in order to perform RFLP analysis. RFLP would have led to
accurate virus sub-typing by comparison with previously published restriction patterns
due to the highly conserved sequence of HTLV. However this direct Southern
blotting approach yielded ambiguous results mainly due to very faint signals.
Therefore a PCR amplification approach was undertaken. As the greatest variability
in HTLV sequence is seen in LTR and ENV regions these were amplified
preferentially (Nerurkar et al. 1995). This approach was successful in amplifying both
the LTR and ENV regions, they were sequenced as detailed and phylogenetic analysis
performed. By using the LTR sequence of 1682 the closest homology was to an
isolate from Peru (QU2), the 1682 virus therefore clustered consistently in the
Cosmopolitan laA subtype. This finding illustrates the spread o f HTLV-Ia to
European Caucasians and highlights the fact that ethnicity is no barrier to this
pathogenic virus. Although at present in Europe the number cases o f ATL and
HAM/TSP are very low, this case illustrates that the virus is spreading and expanding
its territory. This conclusion is drawn because in the case discussed there was no
known direct contact with endemic areas. It is also worthy o f note that amongst the
immigrant populations o f the USA HTLV is taking hold and the number o f disease
cases is increasing. To prevent this spread continuing into Europe an expansion of the
screening programme should be considered using the reliable antibody test now
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available. This could have a drastic effect on case numbers by enabling
recommendations on the shortening o f breast-feeding periods by carrier mothers and
the use o f barrier contraception. In particular in the USA it is unsuprising that
amongst immigrants o f Japanese and African decent HTLV infections have been
detected. Therefore to prevent further spread through blood transfusion a blood
screening programme has been implemented. Likewise the French also introduced
testing o f blood donors mainly because o f the increasing numbers o f individuals of
African origin. Unfortunately in the UK blood donors are not tested for HTLV-I
inspite o f the fact that infection with the virus can be found in people o f Caribbean
origin. Pregnant ladies of West Indian origin in particular should be screened because
of the high risk o f transmission via breast feeding.

Co-operation between retroviruses is commonly observed in animal models,
for example MCF in mice (Stoye et al. 1991). In fact in the human breast cancer cell
line, T47D, both B and D type retroelements are associated with particles (Seifarth et
al. 1995). In humans HTLV, as an active exogenous retrovirus, may co-operate with
HERV. This is a possible mechanism of HERV activation and would allow disrupted
elements or previously harmless elements to become biologically active and is a line
of enquiry that may warrant further investigation.

Chapter four o f this thesis detailed the isolation and characterisation o f two
novel HERV elements. A PCR approach using degenerate oligonucleotide primers
was employed. The reverse transcriptase region was chosen for amplification due to
its presence exclusively in the retroviral genome. Positive bands were isolated by TA
cloning and following clone screening two novel fragments were identified and
selected for further analysis. After screening a human BAC-PAC library with these
fragments further sequence data was obtained. The p o l region o f these elements was
then used for phylogenetic analysis.
The PAC screening also gave a rough indication o f copy number. Southern
blotting suggested a low copy number and this was supported by the PAC data. The
library used is reported to cover the entire genome at least twice (loannou et al. 1996).
Screening with either HERV fragment led to only 15-20 positive clones for each
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element giving a copy number o f 5-10 per element throughout the entire human
genome.
The age or time o f integration o f these individual elements is difficult to
establish, as 5’ LTR sequences were not isolated for either HERV. The length o f time
within the genome can usually be calculated by comparing the 3 ’ and 5’ LTRs and
then making a calculation using the expected mutation rate. However the highly
disrupted nature o f these elements does imply an ancient integration.

O f these two characterised novel HERV elements the shorter clone o f around
2.8kb, named throughout as HERV2, consisted almost entirely of a p o l region. The
element contained a protease active site and was followed by all seven regions of
reverse transcriptase. There appears to have been a large deletion o f the env
sequences therefore the 3 ’ LTR followed pol immediately without any env sequence
in between. An Alu sequence followed the LTR and the reverse transcriptase region
was used in phylogenetic analysis of this element. HERV2 clustered consistently
within the HERV-I family with a homology of around 80% by amino acid similarity.
The 5’ LTR was not isolated but it is likely that this element is in fact a HERV-I. No
expression o f HERV2 was observed despite extensive RT-PCR. This element was
very highly disrupted with many frame shifts and stop codons. The ORE map analysis
revealed only short potential coding stretches and no transcripts could be amplified
covering any o f these regions. It can be concluded that this novel element, like many
HERV, is transcriptionally inactive in lymphocytes. Expression in other tissues
however cannot be discounted. Other members of this family have previously been
isolated with intact coding regions (Maeda et al. 1990) and the isolation o f this
previously undetected sequence illustrates the prevalence o f HERV in general.

The longer HERV element, referred to as HERV1 throughout, contained the 3’
region o f gag and almost the entire p ol region. The 3 ’ HERV sequences are deleted
including the integrase domain of pol and the entire env as well as the 3 ’ LTR. This
deletion seems to have coincided with a multiple Alu insertion that is present at the 3’
after 3kb o f HERV sequence.
A theoretical translation of HERV 1 sequence revealed the conserved Gag
MHR region, a protease active site as well as all seven domains o f the reverse
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transcriptase. This region showed the closest homology to previously reported XA
elements and due to the limited sequence availability o f these XA elements a more 3’
region o f pol was used for alignment and phylogenetic analysis. This data clearly
clustered HERV1 with other XA elements with a homology o f upto 80% by amino
acid similarity. The closest relative was HERV-XA, as isolated by Tristem (Tristem
2000) and HERV1 consistently clustered with this element. The homology was 80%
at the greatest (with HERV-XA) and may even imply a sub-family but until more
elements of this family are fully isolated, including LTRs, this would be presumptive.
The HERV-H family, represented by RGH2, was the next closest HERV family
followed by HERV-F and HERV-Fb, all of which clustered together. The expected
PBS for HERV1 is phenylalanine by comparison with other known XA elements,
however unfortunately no 5’ LTR was found. This is noteworthy as the most closely
related family has a histidine PBS, this reinforces the existence o f a separate family
named XA rather than HERV1 being a distal member o f HERV-H or HERV-F.
Significant homology o f HERV 1 with exogenous retroviruses was also
observed. The most homologous were MuLV and GaEV with up to 50% homology
over the Pol region. Over 45% homology was also observed with a porcine
endogenous retroviruses PERV B43. This observation is o f note because o f potential
xenotransplantation trials from pig to man. The close similarity o f active PERV to
disrupted HERV elements could raise concern. PERV have the potential to infect
human cells directly (Patience et al. 1997) and a risk o f disease in particular in
immunocompromised transplant patients is a real possibility. A further risk however
could be with retroviral co-operation or complementation between PERV proteins and
disrupted, yet expressed, HERVs. This thesis has detailed expression o f a highly
disrupted HERV with some homology to PERV and more complete elements may
have biological and disease implications via co-operation with PERV. This risk,
although small, should be considered when assessing the safety o f xenotransplantaion.

It is a matter o f debate whether HERV are remnants o f previous exogenous
infections or are evolutionary precursors o f exogenous retroviruses or both. HERV
may well have evolved directly from RT-like sequences in ancient history, but now
they can provide a reservoir of retroviral coding sequences for complementation with
infectious retroviruses or as a base for the production o f novel exogenous agents. As
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such these sequences should be carefully considered and any expression and coding
potential noted.

No expression data has been reported for HERV-I elements to date but they
have been implicated in genomic rearrangements (Maeda et al. 1986). There is also
evidence that LTR sequences associated with cellular genes may control their
expression (Armour et al. 1989). Recently expression of XA34 has been reported in
placental tissue (Kjellman et al. 1999).

The ORE map for HERV2 revealed very few potential coding ORFs and only
very small stretches within the putative coding frames. RT-PCR was performed using
pairs of primers covering all potential coding regions and all RT-PCRs were negative
for this element.
For HERV1 however there was one ORF in the +2 frame covering around 900
base pairs. This ORF was mainly in the correct reading frame for retroviral
homology. Primers designed to cover this region were positive in RT-PCR reactions
in both normal peripheral blood lymphocytes and in various leukaemia cases. One
case of AML M5 gave a repeatably strong signal although this was not tested
quantitatively, the same starting total RNA was used and the PCR conditions were
identical. It would be worthwhile to test this sample in particular using real time RTPCR in the Taqman system.
This thesis reports the first expression of a XA family member in peripheral
blood as well as in leukaemia patients. This study has illustrated the coding potential
of even highly disrupted HERV elements, Taqman RT-PCR analysis may lead to the
discovery o f many more HERV transcripts as well as a putative less disrupted XA
element with true biological activity.

AMoL (AML M5) is an acute leukaemia type with a poor survival rate and
rapid progression. Over expression of HERV 1 in this cell line may only be indicative
of altered expression due to a random chromosomal breakage, however aid in
progression cannot be discounted. A general influence o f this HERV is unlikely as
demonstrated by the similar very low levels of expression seen in both leukaemic
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patients and normal peripheral blood lymphocytes. Although a possible role in
normal PBMC is possible.

PAC FISH revealed the integration locus of both HERV1 and HERV2;
analysis o f patient samples with chromosomal painting will reveal any translocations
in this region and therefore any potential involvement in chromosomal
rearrangements. In fact the locus 3q21, the integration site for HERV1, has been
highlighted as a breakpoint in a subset of AML and MDS cases (Wieser et al. 2000).
It is suggested that a transcription factor GATA-2 is important in these translocations
(Wieser et al. 2000), integration o f HERV 1 close to this transcription factor could
result in over expression o f HERV 1. Conversely HERV1 could in fact play a role in
the translocation process itself by encouraging homologous recombination between
similar HERV sequences.
The data presented here throws up many future lines o f enquiry. Quantitative
expression studies o f HERV using real time RT-PCR via the Taqman would be
valuable. Leukaemia patient expression in comparison to normal peripheral blood,
with M5 cases in particular as well as cell lines, would be revealing. HERV
expression in other tissues in particularly placental/germ line tissues should also be
studied as expression in these tissues has been previously reported.
A search for other related elements by lower stringency hybridisation could be
undertaken with the aim o f discovering intact, less disrupted elements.
A more thorough search o f the sequence databases as the human genome is
sequenced will lead to the isolation of more intact HERV in all families. The
expression o f these elements could then be studied in detail.
HERV expression analysis in conjunction with cytogenetic studies would shed
light on any potential involvement in breakpoints as well as any altered expression
levels. Correlation o f expression changes with PAC FISH screening could yield any
involvement in translocations or integrations close to transcription factors,
immunoglobulins or oncogenes and therefore any involvement in tumour progression.
RNA in situ expression studies would also be valuable for cellular location of
transcripts and isolation to the tumour cells.
HERV expression could also be studied via transcriptomes using microarray
technology yielding tissue expression of intact HERV or multiple disrupted elements.
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This could lead to any tissue specific tumour involvement. Micorarray technology
would also enable a direct comparison of normal and leukaemia samples.

In summary this thesis has reported the isolation o f two novel HERV
sequences and illustrated expression o f a transcript from one element. This
expression is the first demonstrated in peripheral blood for an XA element.
Continued search may lead to intact elements with involvement in leukaemogenesis.
This thesis also supports continued vigilance in the fight against potential further
spread o f the pathogenic retrovirus HTLV-I from its endemic areas into Western
Europe and the USA.

-178-

Reference List

Chapter 7

Chapter 7:

Reference List

Adams, S. E., Mellor, J., Gull, K., Sim, R. B., Tuite, M. F., Kingsman, S. M. and
Kingsman, A. J. (1987). “The functions and relationships o f Ty-VLP proteins in
yeast reflect those o f mammalian retroviral proteins.” Cell. 49(1): 111-9.
Ahmed, Y. F., Hanly, S. M., Malim, M. H., Cullen, B. R. and Greene, W. C.
(1990). “Structure-function analyses of the HTLV-I Rex and HIV-1 Rev RNA
response elements: insights into the mechanism of Rex and Rev action.” Genes-Dev.
4(6): 1014-22.
Akari, H., Ono, F., Sakakibara, I., Takahashi, H., Murayama, Y., Hiyaoka, A.,
Terao, K., et al. (1998). “Simian T cell leukemia virus type I-induced malignant adult
T cell leukemia-like disease in a naturally infected African green monkey: implication
o f CD8+ T cell leukemia.” AIDS-Res-Hum-Retroviruses. 14(4): 367-71.
Alexandre, C. and Verrier, B. (1991). “Four regulatory elements in the human c-fos
promoter mediate transactivation by HTLV-1 Tax protein.” Oncogene. 6(4): 543-51.
Allain, J. P., Hodges, W., Einstein, M. H., Geisler, J., Neilly, C., Delaney, S.,
Hodges, B., et al. (1992). “Antibody to HIV-1, HTLV-I, and HCV in three
populations o f rural Haitians.” J-Acquir-Immune-Defic-Svndr. 5(12): 1230-6.
Altschul, S. F., Gish, W., Miller, W., Myers, E. W. and Lipman, D. J. (1990).
“Basic local alignment search tool.” J-Mol-Biol. 215(3): 403-10.
Arango, C., Concha, M., Zaninovic, V., Corral, R., Biojo, R., Borrero, I.,
Rodgers Johnson, P., et al. (1988). “Epidemiology o f tropical spastic paraparesis in
Columbia and associated HTLV-I infection.” Ann Neurol 23(5): S161-5.
Armour, J. A., Wong, Z., Wilson, V., Royle, N. J. and Jeffreys, A. J. (1989).
“Sequences flanking the repeat arrays o f human minisatellites: association with
tandem and dispersed repeat elements.” Nucleic-Acids-Res. 17(13): 4925-35.
Arvidsson, A. K., Svensson, A. C., Widmark, E., Andersson, G., Rask, L. and
Larhammar, D. (1995). “Characterization of three separated exons in the HLA class
II DR region o f the human major histocompatibility complex.” Hum-Immunol. 42(3):
254-64.
Asher, D. M., Goudsmit, J., Pomeroy, K. L., Garruto, R. M., Bakker, M., Ono, S.
G., Elliot, N., et al. (1988). “Antibodies to HTLV-I in populations o f the
southwestern Pacific.” J-Med-Virol. 26(4): 339-51.
A strin, S. M. (1978). “Endogenous viral genes of the White Leghorn chicken:
common site o f residence and sites associated with specific phenotypes o f viral gene
expression.” Proc-Natl-Acad-Sci-U-S-A. 75(12): 5941-5.
Astrin, S. M., Buss, E. G. and Haywards, W. S. (1979). “Endogenous viral genes
are non-essential in the chicken.” Nature. 282(5736): 339-41.
Axel, R., Gulati, S. C. and Spiegelman, S. (1972). “Particles containing RNAinstructed DNA polymerase and virus-related RNA in human breast cancers.” ProcNatl-Acad-Sci-U-S-A. 69(11): 3133-7.
Babu, P. G., Gnanamuthu, C., Saraswathi, N. K., Nerurkar, V. R., Yanagihara,
R. and John, T. J. (1993). “HTLV-I-associated myelopathy in south India [letter].”
AIDS-Res-Hum-Retroviruses. 9(6): 499-500.
Baker, C. C., Phelps, W. C., Lindgren, V., Braun, M. J., Gonda, M. A. and
Howley, P. M. (1987). “Structural and transcriptional analysis o f human
papillomavirus type 16 sequences in cervical carcinoma cell lines.” J-Virol. 61(4):
962-71.

-179-

Reference List

Chapter 7

Bangham, C. R., Daenke, S., Phillips, R. E., Cruickshank, J. K. and Bell, J. I.
(1988). “Enzymatic amplification of exogenous and endogenous retroviral sequences
from DNA o f patients with tropical spastic paraparesis.” EMBO-J. 7(13): 4179-84.
Banki, K., Maceda, J., Hurley, E., Ablonczy, E., Mattson, D. H., Szegedy, L.,
Hung, C., etal. (1992). “Human T-cell lymphotropic virus (HTLV)-related
endogenous sequence, HRES-1, encodes a 28-kDa protein: a possible autoantigen for
HTLV-I gag-reactive autoantibodies.” Proc-Natl-Acad-Sci-U-S-A. 89(5): 1939-43.
Barbacid, M., Hunter, E. and Aaronson, S. A. (1979). “Avian reticuloendotheliosis
viruses: evolutionary linkage with mammalian type C retroviruses.” J-Virol. 30(2):
508-14.
Barker, C. S., Wills, J. W., Bradac, J. A. and Hunter, E. (1985). “Molecular
cloning o f the Mason-Pfizer monkey virus genome: characterization and cloning of
subgenomic fragments.” Virology. 142(2): 223-40.
Bastian, I., Gardner, J., Webb, D. and Gardner, I. (1993). “Isolation o f a human Tlymphotropic virus type I strain from Australian aboriginals.” J-Virol. 67(2): 843-51.
Bear, S. E., Bellacosa, A., Lazo, P. A., Jenkins, N. A., Copeland, N. G., Hanson,
C., Levan, G., e t a l (1989). “Provirus insertion inTpl-1, an Ets-1-related oncogene,
is associated with tumor progression in Moloney murine leukemia virus-induced rat
thymic lymphomas.” Proc-Natl-Acad-Sci-U-S-A. 86(19): 7495-9.
Beimling, P. and Moelling, K. (1990). “Tax-independent binding o f multiple cellular
factors to Tax-response element DNA o f HTLV-I.” Oncogene. 5(3): 361-8.
Benoist, C. and Mathias, D. (1997). “Retrovirus as trigger, precipitator or marker?”
Nature 388: 833-834.
Benveniste, R. E. and Todaro, G. J. (1974). “Evolution o f type C viral genes: I.
Nucleic acid from baboon type C virus as a measure o f divergence among primate
species.” Proc-Natl-Acad-Sci-U-S-A. 71(11): 4315-8.
Berger, R., Bernheim, A., Web, H. J., Daniel, M. T. and Flandrin, G. (1980).
“Cytogenetic studies on acute monocytic leukemia.” Leuk-Res. 4(1): 119-27.
Berneman, Z. N., Gartenhaus, R. B., Reitz, M. S., Jr., Blattner, W. A., Manns, A.,
Hanchard, B., Ikehara, O., et a l (1992). “Expression o f alternatively spliced human
T-lymphotropic virus type I pX mRNA in infected cell lines and in primary uncultured
cells from patients with adult T-cell leukemia/lymphoma and healthy carriers.” ProcNatl-Acad-Sci-U-S-A. 89(7): 3005-9.
Berneman, Z. N., Gartenhaus, R. B., Reitz, M. S., Jr., Klotman, M. E. and Gallo,
R. C. (1992). “cDNA sequencing confirms HTLV-I expression in adult T-cell
leukemia/lymphoma and different sequence variations in vivo and in vitro.” Leukemia
6(3): 67S-71S.
Biggar, R. J., Taylor, M. E., Neel, J. V., Hjelle, B., Levine, P. H., Black, F. L.,
Shaw, G. M., et a l (1996). “Genetic variants of human T-lymphotrophic virus type II
in American Indian groups.” Virology. 216(1): 165-73.
Bizub, D., Weber, I. T., Cameron, C. E., Leis, J. P. and Skalka, A. M. (1991). “A
range o f catalytic efficiencies with avian retroviral protease subunits genetically
linked to form single polypeptide chains.” J-Biol-Chem. 266(8): 4951-8.
Black, A. C., Chen, I. S., Arrigo, S., Ruland, C. T., Allogiamento, T., Chin, E.
and Rosenblatt, J. D. (1991). “Regulation o f HTLV-II gene expression by Rex
involves positive and negative cis-acting elements in the 5'long terminal repeat.”
Virology. 181(2): 433-44.

- 180 -

Reference List

Chapter 7

Blakeslee, J. R., Jr., McClure, H. M., Anderson, D. C., Bauer, R. M., Huff, L. Y.
and Olsen, R. G. (1987). “Chronic fatal disease in gorillas seropositive for simian Tlymphotropic virus I antibodies.” Cancer-Lett. 37(1): 1-6.
Blank, A., Yamaguchi, K., Blank, M., Zaninovic, V., Sonoda, S. and Takatsuki,
K. (1993). “Six Colombian patients with adult T-cell leukemia/lymphoma.” LeukLvmphoma. 9(4-5): 407-12.
Blattner, W. A., Kalyanaraman, V. S., Robert Guroff, M., Lister, T. A., Galton,
D. A., Sarin, P. S., Crawford, M. H., et al. (1982). “The human type-C retrovirus,
HTLV, in Blacks from the Caribbean region, and relationship to adult T-cell
leukemia/lymphoma.” Int-J-Cancer. 30(3): 257-64.
Blattner, W. A., Saxinger, C., Riedel, D., Hull, B., Taylor, G., Cleghorn, F.,
Gallo, R., et al. (1990). “A study o f HTLV-I and its associated risk factors in Trinidad
and Tobago.” J-Acquir-Immune-Defic-Svndrome. 3(11): 1102-8.
Blond, J. L., Beseme, F., Duret, L., Bouton, O., Bedin, F., Perron, H., Mandrand,
B., etal. (1999). “Molecular characterization and placental expression o f HERV-W, a
new human endogenous retrovirus family.” J-Virol. 73(2): 1175-85.
Boeke, J. D. and Corces, V. G. (1989). “Transcription and reverse transcription of
retrotransposons.” Annu Rev Microbiol 43: 403-34.
Boeri, E., Abecasis, C., Varnier, O. E. and Franchini, G. (1995). “Analysis of
HTLV-I Env gene sequence from an Italian polytransfused patient: evidence for a
Zairian HTLV-I in Sicily.” AIDS-Res-Hum-Retroviruses. 11(5): 649-51.
Bohlander, S. K., Muschinsky, V., Schrader, K., Siebert, R., Schlegelberger, B.,
Harder, L., Schemmel, V., Fonatsch, C., et al. (2000). “Molecular analysis o f the
CALM/AF10 fusion: identical rearrangements in acute myeloid leukemia, acute
lymphoblastic leukemia and malignant lymphoma patients.” Leukemia 14(1): 93-9.
Boiler, K., Frank, H., Lower, J., Lower, R. and Kurth, R. (1983). “Structural
organization o f unique retrovirus-like particles budding from human teratocarcinoma
cell lines.” J-Gen-Virol. 64(Pt 12): 2549-59.
Boiler, K., Konig, H., Sauter, M., Mueller-Lantzsch, N., Lower, R., Lower, J. and
Kurth, R. (1993). “Evidence That HERV-K Is the Endogenous Retrovirus Sequence
That Codes for the Human Teratocarcionoma-Derived Retrovirus HTDV.” Virology
196: 349-353.
Bonner, T. I., O’Connell, C. and Cohen, M. (1982). “Cloned endogenous retroviral
sequences from human DNA.” Proc-Natl-Acad-Sci-U-S-A. 79(15): 4709-13.
Borrow, J., Stanton, V. P., Andresen, J. M., Becher, R., Behm, F. G., Chaganti,
R. S., Civin, C. L, Disteche, C., et al. (1996). “The translocation t(8;16)(pl l;p l3 ) of
acute myeloid leukaemia fuses a putative acetyltransferase to the CREB-binding
protein.” Nat Genet 14(1): 33-41.
Boyd, M. T., Maclean, N. and Oscier, D. G. (1989). “Detection o f retrovirus in
patients with myeloproliferative disease.” Lancet. 1(8642): 814-7.
Brack Werner, R., Barton, D. E., Werner, T., Foellmer, B. E., Leib Mosch, C.,
Francke, U., Erfle, V., et al. (1989). “Human SSAV-related endogenous retroviral
element: LTR-like sequence and chromosomal localization to 18q21.” Genomics.
4(1): 68-75.
Breindl, M., Doehmer, J., Willecke, K., Dausman, J. and Jaenisch, R. (1979).
“Germ line integration o f Moloney leukemia virus: identification o f the chromosomal
integration site.” Proc-Natl-Acad-Sci-U-S-A. 76(4): 1938-42.

-181 -

Reference List

Chapter 7

Brodsky, Foley, B., Haines, D., Johnston, J., Cuddy, K. and Gillespie, D.
(1993). “Expression o f HERV-K Proviruses in Human Leukocytes.” Blood 81(9):
2369-2374.
Bronson, D. L., Saxinger, W. C., Ritzi, D. M. and Fraley, E. E. (1984).
“Production o f virions with retrovirus morphology by human embryonal carcinoma
cells in vitro.” J-Gen-Virol. 65(Pt 6k 1043-51.
Brown, P. O. (1990). Integration of retroviral DNA. Retroviruses. Strategies o f
Replication. R. Swanstrom and P. K. Vogt. New York, Springer-Verlag: 19-48.
Bunn, P. A., Jr., Schechter, G. P., Jaffe, E., Blayney, D., Young, R. C., Matthews,
M. J., Blattner, W., et al. (1983). “Clinical course of retrovirus-associated adult Tcell lymphoma in the United States.” N-Engl-J-Med. 309(5): 257-64.
Burny, A., Bruck, C., Cleuter, Y., Couez, D., Deschamps, J., Grégoire, D.,
Ghysdael, J., et al. (1985). “Bovine leukaemia virus and enzootic bovine leukosis.”
Onderstepoort-J-Vet-Res. 52(3): 133-44.
Burny, A., Cleuter, Y., Kettmann, R., Mammerickx, M., Marbaix, G., Portetelle,
D., Van den Broeke, A., etal. (1987). “Bovine leukaemia: facts and hypotheses
derived from the study o f an infectious cancer.” Cancer-Surv. 6(1): 139-59.
Callahan, R. (1988). Two families of human endogenous retroviral genomes.
Branburv Reports 30: Eukavotic Transoosable Elements as Mutagenic Agents. M.
Lambert, J. McDonald and I. Weinstein. New York, Cold Spring Harbour: 91-100.
Callahan, R., Chiu, I.-M., Wong, J. F. H., Tronick, S. R., Roe, B. A., Aaronson, S.
A. and Schlom, J. (1985). “A New Class of Endogenous Human Retroviral
Genomes.” Science 228: 1208-1211.
Callahan, R., Drohan, W., Tronick, S. and Schlom, J. (1982). “Detection and
cloning of human DNA sequences related to the mouse mammary tumor virus
genome.” Proc-Natl-Acad-Sci-U-S-A. 79(18): 5503-7.
Callahan, R., Lieber, M. M. and Todaro, G. J. (1975). “Nucleic acid homology of
murine xenotropic type C viruses.” J-Virol. 15(6): 1378-84.
Carlson, K. M., Vignon, C., Bohlander, S., Martinez, C. J. A., Le, B. M. M. and
Rowley, J. D. (2000). “Identification and molecular characterization of
CALM/AF10 fusion products in T cell acute lymphoblastic leukemia and acute
myeloid leukemia.” Leukemia 14(1): 100-4.
Catovsky, D., Greaves, M. F., Rose, M., Galton, D. A., Goolden, A. W.,
McCluskey, D. R., White, J. M., et al. (1982). “Adult T-cell lymphoma-leukaemia in
Blacks from the West Indies.” Lancet. 1(8273): 639-43.
Cereseto, A., Berneman, Z., Koralnik, L, Vaughn, J., Franchini, G. and Klotman,
M. E. (1997). “Differential expression of alternatively spliced pX mRNAs in HTLVI-infected cell lines.” Leukemia. 11(6): 866-70.
Chattopadhyay, S. K., Rowe, W. P., Teich, N. M. and Lowy, D. R. (1975).
“Definitive evidence that the murine C-type virus inducing locus Akv-1 is viral
genetic material.” Proc-Natl-Acad-Sci-U-S-A. 72(3): 906-10.
Chen, Y. M., Okayama, A., Lee, T. H., Tachibana, N., Mueller, N. and Essex, M.
(1991). “Sexual transmission o f human T-cell leukemia virus type I associated with
the presence o f anti-Tax antibody.” Proc-Natl-Acad-Sci-U-S-A. 88(4): 1182-6.
Chien, U. H., Lai, M., Shih, T. Y., Verma, I. M., Scolnick, E. M., Roy Burman, P.
and Davidson, N. (1979). “Heteroduplex analysis of the sequence relationships
between the genomes o f Kirsten and Harvey sarcoma viruses, their respective parental
murine leukemia viruses, and the rat endogenous 30S RNA." J-Virol. 31(3): 752-60.

-182-

Reference List

Chapter 7

Chironna, M., Calabro, M. L., Quarto, M., Germinario, C., Fiore, J. R., Favero,
A., Potenza, D., et al. (1996). “HTLV-I and HTLV-II infections in subjects at risk for
HIV-I infection from southeastern Italy (Apulia region).” Int-J-Cancer. 65(6): 746-50.
Choi, Y., Kappler, J. W. and Marrack, P. (1991). “A superantigen encoded in the
open reading frame o f the 3' long terminal repeat o f mouse mammary tumour virus.”
Nature. 350(6315): 203-7.
Chumakov, L, Stuhlmann, H., Harbers, K. and Jaenisch, R. (1982). “Cloning of
two genetically transmitted Moloney leukemia proviral genomes: correlation between
biological activity o f the cloned DNA and viral genome activation in the animal.” L
V irol 42(3): 1088-98.
Chumakov, I. M., Zabrovsky, E. R., Prasalov, V. S., Mett, V. L. and Kiselev, L.
L. (1985). “Sections O f Human Genome Containing Analogues O f Oncogenes and
Retroviral Genes .2. A New Class of Retroviral-Like Elements.” Mol Biol 19(2): 351356.
Cianciolo, G. J., Copeland, T. D., Oroszlan, S. and Snyderman, R. (1985).
“Inhibition of lymphocyte proliferation by a synthetic peptide homologous to
retroviral envelope proteins.” Science. 230(4724): 453-5.
Cianciolo, G. J., Phipps, D. and Snyderman, R. (1984). “Human malignant and
mitogen-transformed cells contain retroviral P15E-related antigen.” J-Exp-Med.
159(3): 964-9.
Ciminale, V., D Agostino, D. M., Zotti, L. and Chieco Bianchi, L. (1996). “Coding
potential o f the X region o f human T-cell leukemia/lymphotropic virus type H.” J
Acquir Immune Defic Svndr Hum Retrovirol 13(1): S220-7.
Ciminale, V., Hatziyanni, M., Felber, B. K., Bear, J., Hatzakis, A. and Pavlakis,
G. N. (2000). “Unusual CD4+CD8+ phenotype in a greek patient diagnosed with
adult T-cell leukemia positive for human T-cell leukemia virus type I (HTLV-I).”
Leuk-Res. 24(4): 353-8.
Coffin, J. (1984). Endogenous Retroviruses. RNA Tumour Viruses. R. Weiss, N.
Teich, H. Varmus and J. Coffin. New York, Cold Spring Harbour. 1: 1109-1203.
Coffin, J. M., Varmus, H. E., Bishop, J. M., Essex, M., Hardy, W. D., Jr., Martin,
G. S., Rosenberg, N. E., etal. (1981). “Proposal for naming host cell-derived inserts
in retrovirus genomes.” J-Virol. 40(3): 953-7.
Cohen, M., Kato, N. and Larsson, E. (1988). “ERV3 human endogenous provirus
mRNAs are expressed in normal and malignant tissues and cells, but not in
choriocarcinoma tumor cells.” J-Cell-Biochem. 36(2): 121-8.
Cohen, M., Powers, M., O’Connell, C. and Kato, N. (1985). “The nucleotide
sequence o f the env gene from the human provirus ERV3 and isolation and
characterization o f an ERV3-specific cDNA.” Virology. 147(2): 449-58.
Collins, N. D., Newbound, G. C., Albrecht, B., Beard, J. L., Ratner, L. and
Lairmore, M. D. (1998). “Selective ablation o f human T-cell lymphotropic virus type
1 p l2 I reduces viral infectivity in vivo.” Blood. 91(12): 4701-7.
Conrad, B., Weissmahr, R. N., Boni, J., Arcari, R., Schupbach, J. and Mach, B.
(1997). “A Human Endogenous Retroviral Superantigen as Candidate Autoimmune
Gene in Type I Diabetes.” Cell 90: 303-313.
Cordonnier, A., Casella, J. F. and Heidmann, T. (1995). “Isolation o f novel human
endogenous retrovirus-like elements with foamy virus-related pol sequence.” J-Virol.
69(9): 5890-7.
Craigie, R. (1992). “Hotspots and warm spots: integration specificity o f
retroelements.” Trends-Genet. 8(6): 187-90.

- 183-

Chapter 7

Reference List

Crittenden, L. B. and Astrin, S. M. (1981). “Independent segregation o f ev 2 and ev
10, genetic loci for spontaneous production of endogenous avian retroviruses.”
Virology. 110(1): 120-7.
Crittenden, L. B., Astrin, S. M. and Smith, E. J. (1983). “Independent segregation
of ev 10 and ev 11, genetic loci for spontaneous production o f endogenous avian
retroviruses.” Virology. 129(2): 514-6.
Crittenden, L. B., Fadly, A. M. and Smith, E. J. (1982). “Effect o f endogenous
leukosis virus genes on response to infection with avian leukosis and
reticuloendotheliosis viruses.” Avian-Dis. 26(2): 279-94.
Croce, C. M. and Nowell, P. C. (1985). “Molecular basis o f human B cell
neoplasia.” Blood. 65(1): 1-7.
Cruickshank, J. K., Rudge, P., Dalgleish, A. G., Newton, M., McLean, B. N.,
Barnard, R. O., Kendall, B. E., e t a l (1989). “Tropical spastic paraparesis and
human T cell lymphotropic virus type 1 in the United Kingdom.” Brain. 112(Pt 4):
1057-90.
Cuypers, H. T., Selten, G., Quint, W., Zijlstra, M., Maandag, E. R., Boelens, W.,
van Wezenbeek, P., e t a l (1984). “Murine leukemia virus-induced T-cell
lymphomagenesis: integration o f proviruses in a distinct chromosomal region.” Cell.
37(1): 141-50.
Dabaja, B. S., Faderl, S., Thomas, D., Cortes, J., O’Brien, S., Nasr, F., Pierce, S.,
Hayes, K., et al. (1999). “Deletions and losses in chromosomes 5 or 7 in adult acute
lymphocytic leukemia: incidence, associations and implications.” Leukemia. 13(6):
869-72.
Dalton, A. J. and Zeve, V. H. (1967). “A review o f studies with the electron
microscope on human leukemia and Burkitt’s tumor.” Cancer-Res. 27(12): 2465-70.
De, B. K., Lairmore, M. D., Griffis, K., Williams, L. J., Villinger, F., Quinn, T.
C., Brown, C., et a l (1991). “Comparative analysis of nucleotide sequences o f the
partial envelope gene (5' domain) among human T lymphotropic virus type I (HTLVI) isolates.” Virology 182(1): 413-9.
de Oliveira, M. S., Matutes, E., Famadas, L. C., Schulz, T. F., Calabro, M. L.,
Nucci, M., Andrada Serpa, M. J., e t a l (1990). “Adult T-cell leukaemia/lymphoma
in Brazil and its relation to HTLV-I [see comments].” Lancet 336(8721): 987-90.
De Rossi, A., Mammano, F., Del Mistro, A. and Chieco Bianchi, L. (1991).
“Serological and molecular evidence o f infection by human T-cell lymphotropic virus
type II in Italian drug addicts by use of synthetic peptides and polymerase chain
reaction.” Eur-J-Cancer 27(7): 835-8.
de Saussure, P., Chofflon, M., Pugin, P., Bierens de Hahn, D. and Perrin, L.
(1991). “[HTLV-I/II in Switzerland: apropos o f 4 case reports].” Schweiz-MedWochenschr 121(48): 1761-6.
Deen, K. C. and Sweet, R. W. (1986). “Murine Mammary Tumour Virus pol-Related
Sequences in Human DNA: Characterizaton and Sequence Comparison with the
Complete Murine Mammary Tumour Virus pol Gene.” Journal o f Virology 57(2):
422-432.
DeFreitas, E., Hilliard, B., Cheney, P. R., Bell, D. S., Kiggundu, E., Sankey, D.,
Wroblewska, Z., e t a l (1991). “Retroviral sequences related to human Tlymphotropic virus type II in patients with chronic fatigue immune dysfunction
syndrome.” Proc-Natl-Acad-Sci-U-S-A 88(7): 2922-6.

-184-

Reference List

Chapter 7

Deininger, P. L., Batzer, M. A., Hutchison, C. A., 3rd and Edgell, M. H. (1992).
“Master genes in mammalian repetitive DNA amplification.” Trends-Genet. 8(9):
307-11.
Deka, N., Wong, E., Matera, A. G., Kraft, R., Leinwand, L. A. and Schmid, C.
W. (1988). “Repetitive nucleotide sequence insertions into a novel calmodulin-related
gene and its processed pseudogene.” Gene 71(1): 123-34.
Delaporte, E., Klotz, F., Peeters, M., Martin Prevel, Y., Bedjabaga, L., Larouze,
B., Nguembi Mbina, C., et a l (1993). “Non-Hodgkin lymphoma in Gabon and its
relation to HTLV-I.” Int-J-Cancer 53(1): 48-50.
Delaporte, E., Peeters, M., Durand, J. P., Dupont, A., Schrijvers, D., Bedjabaga,
L., Honore, C., e t a l (1989). “Seroepidemiological survey o f HTLV-I infection
among randomized populations o f western central African countries.” J-AcquirImmune-Defic-Svndr. 2(4): 410-3.
Denic, S., Nolan, P., Doherty, J., Garson, J., Tuke, P. and Tedder, R. (1990).
“HTLV-I infection in Iraq [letter].” Lancet 336(8723): 1135-6.
Deragon, J. M., Sinnett, D. and Labuda, D. (1990). “Reverse transcriptase activity
from human embryonal carcinoma cells N Tera2Dl.” EMBO-J. 9(10): 3363-8.
Derks, J. P., Hofmans, L., Bruning, H. W. and von Rood, J. J. (1982). “Synthesis
of a viral protein with molecular weight o f 30,000 (p30) by leukemic cells and
antibodies cross-reacting with Simian sarcoma virus p30 in serum of a chronic
myeloid leukemia patient.” Cancer-Res. 42(2): 681-6.
Derse, D., Mikovits, J. and Ruscetti, F. (1997). “X-I and X-II open reading frames
of HTLV-I are not required for virus replication or for immortalization of primary Tcells in vitro.” Virology. 237(1): 123-8.
Dickson, C., Eisenmann, R. and Fan, H. (1985). Protein Synthesis and Assembly.
RNA Tumour Viruses. R. Weiss, N. Teich, H. Varmus and J. Coffin. New York, Cold
Spring Harbour: 135-146.
Dirksen, E. R. and Levy, J. A. (1977). “Virus-like particles in placentas from normal
individuals and patients with systemic lupus erythematosus.” J-Natl-Cancer-Inst.
59(4): 1187-92.
Djabali, M., Seller!, L., Parry, P., Bower, M., Young, B. D. and Evans, G. A.
(1992). “A trithorax-like gene is interrupted by chromosome 1 lq23 translocations in
acute leukaemias.” Nat-Genet. 2(2): 113-8.
Dombroski, B. A., Mathias, S. L., Nanthakumar, E., Scott, A. F. and Kazazian,
H. H., Jr. (1991). “Isolation of an active human transposable element.” Science
254(5039): 1805-8.
Doolittle, R. F., Feng, D. F., Johnson, M. S. and McClure, M. A. (1989). “Origins
and evolutionary relationships of retroviruses.” O-Rev-Biol. 64(1): 1-30.
Downward, J. (1990). “The ras superfamily of small GTP-binding proteins.” TrendsBiochem-Sci. 15(12): 469-72.
Downward, J., Yarden, Y., Mayes, E., Scrace, G., Totty, N., Stockwell, P.,
Ullrich, A., et a l (1984). “Close similarity of epidermal growth factor receptor and verb-B oncogene protein sequences.” Nature 307(5951): 521-7.
Dreyling, M. H., Martinez Climent, J. A., Zheng, M., Mao, J., Rowley, J. D. and
Bohlander, S. K. (1996). “The t(10;l I)(pl3;ql4) in the U937 cell line results in the
fusion o f the AF10 gene and CALM, encoding a new member o f the AP-3 clathrin
assembly protein family.” Proc-Natl-Acad-Sci-U-S-A. 93(10): 4804-9.
Duggan, D. B., E hrlich, G D., Davey, F. P., Kwok, S., Sninsky, J., G oldberg, J.,
B altrucki, L., e t a l (1988). “HTLV-I-induced lymphoma mimicking Hodgkin’s

-185-

Reference List

Chapter 7

disease. Diagnosis by polymerase chain reaction amplification o f specific HTLV-I
sequences in tumor DNA.” Blood 71(4): 1027-32.
Dumas, M., H ouinato, D., V erdier, M., Zohoun, T., Josse, R., Bonis, J., Zohoun,
I., etal. (1991). “Seroepidemiology o f human T-cell lymphotropic virus type I/E in
Benin (West Africa).” AIDS-Res-Hum-Retroviruses 7(5): 447-51.
Dunwiddie, C. T., Resnick, R., Boyce Jacino, M., Alegre, J. N. and F a r as, A. J.
(1986). “Molecular cloning and characterization o f gag-, pol-, and env-related gene
sequences in the ev- chicken.” J-Virol. 59(3): 669-75.
Eaton, W. D. and K ent, M. L. (1992). “A retrovirus in chinook salmon
(Oncorhynchus tshawytscha) with plasmacytoid leukemia and evidence for the
etiology o f the disease.” Cancer-Res. 52(23): 6496-500.
Ehrlich, G. D., G laser, J. B., Bryz G ornia, V., Maese, J., W aldm ann, T. A.,
Poiesz, B. J. and G reenberg, S. J. (1991). “Multiple sclerosis, retroviruses, and
PCR. The HTLV-MS Working Group.” Neurology 41(3): 335-43.
Eickbush, T. H. (1992). “Transposing without ends: the non-LTR retrotransposable
elements.” New-Biol. 4(5): 430-40.
Ellerbrok, H., Fleischer, C., Salemi, M., R einhardt, P., Ludw ig, W. D.,
Vandam m e, A. M. and Pauli, G. (1998). “Sequence analysis o f the first HTLV-I
infection in Germany without relations to endemic areas.” AIDS-Res-HumRetroviruses 14(13): 1199-203.
Ellis, R. W ., DeFeo, D., M aryak, J. M., Young, H. A., Shih, T. Y., Chang, E. H.,
Lowy, D. R., et al. (1980). “Dual evolutionary origin for the rat genetic sequences of
Harvey murine sarcoma virus.” J-Virol. 36(2): 408-20.
Evans, L. H. and Cloyd, M. W. (1985). “Friend and Moloney murine leukemia
viruses specifically recombine with different endogenous retroviral sequences to
generate mink cell focus-forming viruses.” Proc-Natl-Acad-Sci-U-S-A 82(2): 459-63.
Fam ulari, N. G. (1983). “Murine leukemia viruses with recombinant env genes: a
discussion o f their role in leukemogenesis.” Curr Top Microbiol Immunol 103: 75108.
Fan, H., C hute, H., Chao, E. and Pattengale, P. K, (1988). “Leukemogenicity of
Moloney murine leukemia viruses carrying polyoma enhancer sequences in the long
terminal repeat is dependent on the nature of the inserted polyoma sequences.”
Virology 166(1): 58-65.
Felber, B. K., D erse, D., Athanassopoulos, A., Cam pbell, M. and Pavlakis, G. N.
(1989). “Cross-activation of the Rex proteins o f HTLV-I and BLV and o f the Rev
protein o f HIV-1 and nonreciprocal interactions with their RNA responsive elements.”
New-Biol. 1(3): 318-28.
F errante, P., Omodeo Zorini, E., Zuffolato, M. R., M ancuso, R., C aldarelli
Stefano, R., Puricelli, S., M ediati, M., etal. (1997). “Human T-cell lymphotropic
virus tax and Epstein-Barr virus DNA in peripheral blood o f multiple sclerosis
patients during acute attack.” Acta Neurol Scand Sunni 169: 79-85.
F errer, J. F. (1980). “Bovine lymphosarcoma.” Adv Vet Sci Comp Med 24: 1-68.
Feuchter, A. and M ager, D. (1990). “Functional heterogeneity o f a large family of
human LTR-like promoters and enhancers.” Nucleic-Acids-Res. 18(5): 1261-70.
Feuchter, A. E., Freem an, J. D. and M ager, D. L. (1992). “Strategy for detecting
cellular transcripts promoted by human endogenous long terminal repeats:
identification o f a novel gene (CDC4L) with homology to yeast CDC4.” Genomics
13(4): 1237-46.

- 186 -

Reference List

Chapter 7

Feuchter, A. E. and Mager, D. L. (1992). “SV40 large T antigen trans-activates the
long terminal repeats of a large family o f human endogenous retrovirus-like
sequences.” Virology 187(1): 242-50.
Feuchter Murthy, A. E., Freeman, J. D. and Mager, D. L. (1993). “Splicing of a
human endogenous retrovirus to a novel phospholipase A2 related gene.” NucleicAcids-Res 21(U: 135-43.
Feuer, G. and Fan, H. (1990). “Substitution o f murine transthyretin (prealbumin)
regulatory sequences into the Moloney murine leukemia virus long terminal repeat
yields infectious virus with altered biological properties.” J-Virol. 64(12): 6130-40.
Feuer, G., Lee, W. T., Pattengale, P. K. and Fan, H. (1993). “Specificity o f disease
induced by M-MuLV chimeric retroviruses containing v-myc or v-src is not
determined by the LTR.” Virology 195(1): 286-91.
Fields, C. A., Grady, D. L. and Moyzis, R. K. (1992). “The human THE-LTR(O)
and MstH interspersed repeats are subfamilies o f a single widely distributed highly
variable repeat family.” Genomics 13(2): 431-6.
Franchini, G., Mulloy, J. C., Koralnik, I. J., Lo Monico, A., Sparkowski, J. J.,
Andresson, T., Goldstein, D. J., et al. (1993). “The human T-cell
leukemia/lymphotropic virus type I p l2 I protein cooperates with the E5 oncoprotein
o f bovine papillomavirus in cell transformation and binds the 16-kilodalton subunit of
the vacuolar H+ ATPase.” J-Virol. 67(12): 7701-4.
Franchini, G., Wong Staal, F. and Gallo, R. C. (1984). “Human T-cell leukemia
virus (HTLV-I) transcripts in fresh and cultured cells o f patients with adult T-cell
leukemia.” Proc-Natl-Acad-Sci-U-S-A 81(19): 6207-11.
Franklin, G. C., Chretien, S., Hanson, I. M., Rochefort, H., May, F. E. and
Westley, B. R. (1988). “Expression of human sequences related to those o f mouse
mammary tumor virus.” J-Virol. 62(4): 1203-10.
Fraser, C., Humphries, R. K. and Mager, D. L. (1988). “Chromosomal distribution
of the RTVL-H family o f human endogenous retrovirus-like sequences.” Genomics
2(4): 280-7.
Frery, N., Chavance, M., Valette, L, Schaffar, L., Neisson Vernant, C.,
Jouannelle, J. and Monplaisir, N. (1991). “HTLV-I infection in French West Indies:
a case-control study.” Eur-J-Epidemiol. 7(2): 175-82.
Fukasawa, M., Tsujimoto, H., Ishikawa, K., Miura, T., Ivanoff, B., Cooper, R.
W., Frost, E., et al. (1987). “Human T-cell leukemia virus type I isolates from Gabon
and Ghana: comparative analysis o f proviral genomes.” Virology 161(2): 315-20.
Fulton, R., Plumb, M., Shield, L. and Neil, J. C. (1990). “Structural diversity and
nuclear protein binding sites in the long terminal repeats o f feline leukemia virus.” J%
V irol 64(4): 1675-82.
Gabriel, A., Yen, T. J., Schwartz, D. C., Smith, C. L., Boeke, J. D., Sollner Webb,
B. and Cleveland, D. W. (1990). “A rapidly rearranging retrotransposon within the
miniexon gene locus of Crithidia fasciculata.” Mol-Cell-Biol. 10(2): 615-24.
Gardner, M. B., Kozak, C. A. and O'Brien, S. J. (1991). “The Lake Casitas wild
mouse: evolving genetic resistance to retroviral disease.” Trends-Genet. 7(1): 22-7.
Garfinkel, D. (1992). Retroelements in microorganisms. The Retroviridae. J. A.
Levy. New York, Plenum Press. 1: 107-158.
Garfinkel, D. J., Boeke, J. D. and Fink, G. R. (1985). “Ty element transposition:
reverse transcriptase and virus-like particles.” Cell 42(2): 507-17.
Garin, B., Gosselin, S., de The, G. and Gessain, A. (1994). “HTLV-I/II infection in
a high viral endemic area o f Zaire, Central Africa: comparative evaluation o f serology,

- 187-

Reference List

Chapter 7

PCR, and significance o f indeterminate western blot pattern.” J-Med-Virol. 44(1):
104-9.
Gattoni Cell:, S., Kirsch, K., Kalled, S. and Isselbacher, K. J. (1986). “Expression
o f type C-related endogenous retroviral sequences in human colon tumors and colon
cancer cell lines.” Proc-Natl-Acad-Sci-U-S-A 83(16): 6127-31.
Gavalchin, J., Fan, N., Waterbury, P. G., Corbett, E., Faldasz, B. D., Peshick, S.
M., Poiesz, B. J., et al. (1995). “Regional localization o f the putative cell surface
receptor for HTLV-I to human chromosome 17q23.2-17q25.3.” Virology 212(1): 196203.
Gazdar, A. F., Carney, D. N., Bunn, P. A., Russell, E. K., Jaffe, E. S., Schechter,
G. P. and Guccion, J. G. (1980). “Mitogen requirements for the in vitro propagation
o f cutaneous T-cell lymphomas.” Blood 55(3): 409-17.
Gazzolo, L. and Duc Dodon, M. (1987). “Direct activation o f resting T lymphocytes
by human T-lymphotropic virus type I.” Nature 326(6114): 714-7.
Georges Gobinet, A., Moynet, D., Hajjar, C., Sainte Foie, S., Savin, J. and
Guillemain, B. (1998). “HTLV-I associated sicca syndrome in Guadeloupe: lack of
relation with a peculiar encoding sequence of surface envelope glycoprotein.” VirusGenes 16(2): 195-8.
Gerard, Y., Lepere, J. F., Pradinaud, R., Joly, F., Lepelletier, L., Joubert, M.,
Sainte Marie, D., et al. (1995). “Clustering and clinical diversity o f adult T-cell
leukemia/lymphoma associated with HTLV-I in a remote black population o f French
Guiana.” Int-J-Cancer 60(6): 773-6.
Gessain, A., Barin, F., Vernant, J. C., Gout, O., Maurs, L., Calender, A. and de
The, G. (1985). “Antibodies to human T-lymphotropic virus type-I in patients with
tropical spastic paraparesis.” Lancet 2(8452): 407-10.
Gessain, A., Boeri, E., Yanagihara, R., Gallo, R. C. and Franchini, G. (1993).
“Complete nucleotide sequence o f a highly divergent human T-cell leukemia
(lymphotropic) virus type I (HTLV-I) variant from melanesia: genetic and
phylogenetic relationship to HTLV-I strains from other geographical regions.” J-Virol.
67(2): 1015-23.
Gessain, A., Caumes, E., Feyeux, C., d'Agay, M. F., Capesius, C., Gentilini, M.
and Morel, P. (1992). “The cutaneous form o f adult T-cell leukemia/lymphoma in a
woman from the Ivory Coast. Clinical, immunovirologic studies and a review of the
African adult T-cell leukemia/lymphoma cases.” Cancer 69(6): 1362-7.
Gessain, A., Gallo, R. C. and Franchini, G. (1992). “Low degree o f human T-cell
leukemia/lymphoma virus type I genetic drift in vivo as a means o f monitoring viral
transmission and movement o f ancient human populations.” J-Virol. 66(4): 2288-95.
Gessain, A., Gout, O., Saal, F., Daniel, M. T., Rio, B., Flandrin, G., Sigaux, F., et
al. (1990). “Epidemiology and immunovirology o f human T-cell leukemia/lymphoma
virus type I-associated adult T-cell leukemia and chronic myelopathies as seen in
France.” Cancer-Res. 50(17 Suppl): 5692S-5696S.
Gessain, A. and Mathieux, R. (1995). “HTLV-I "indeterminate" western blot
patterns observed in sera from tropical regions: the situation revisited [letter;
comment].” J-Acquir-Immune-Defic-Svndr-Hum-Retrovirol. 9(3): 316-9.
Gessian, A., Yanagihara, R., Franchini, G., Garruto, R. M., Jenkins, C. L.,
Ajdukiewicz, A. B., Gallo, R. C., et al. (1991). “Highly divergent molecular variants
o f human T-lymphotropic virus type I from isolated populations in Papua New Guinea
and the Solomon Islands.” Proc-Natl-Acad-Sci-U-S-A 88(17): 7694-8.

-188

-

Reference List

Chapter 7

Giam, C. Z. and Xu, Y. L. (1989). “HTLV-I tax gene product activates transcription
via pre-existing cellular factors and cAMP responsive element.” J-Biol-Chem.
264(26): 15236-41.
Goff, S. P., Witte, O. N., Gilboa, E., Rosenberg, N. and Baltimore, D. (1981).
“Genome structure o f Abelson murine leukemia virus variants: proviruses in
fibroblasts and lymphoid cells.” J-Virol. 38(2): 460-8.
Golovkina, T. V., Chervonsky, A., Prescott, J. A., Janeway, C. A., Jr. and Ross,
S. R. (1994). “The mouse mammary tumor virus envelope gene product is required
for superantigen presentation to T cells.” J-Exp-Med. 179(2): 439-46.
Gonzalez Dunia, D., Komurian Pradel, F., Chirinian Syan, S., De The, G.,
Brahic, M. and Ozden, S. (1993). “Comparative analysis o f HTLV-I promoter
activities reveals no disease-linked pattern of expression.” AIDS-Res-HumRetroviruses 9(4): 337-41.
Goodchild, N. L., Wilkinson, D. A. and Mager, D. L. (1992). “A human
endogenous long terminal repeat provides a polyadenylation signal to a novel,
alternatively spliced transcript in normal placenta.” Gene 121(2): 287-94.
Goodchild, N. L., Wilkinson, D. A. and Mager, D. L. (1993). “Recent evolutionary
expansion o f a subfamily o f RTVL-H human endogenous retrovirus-like elements.”
Virology 196(2): 778-88.
Gore, L., Ess, J., Bitter, M. A., McGavran, L., Meltesen, L., Wei, Q. and Hunger,
S. P. (2000). “Protean clinical manifestations in children with leukemias containing
MLL-AF10 fusion.” Leukemia 14(12): 2070-5.
Goto, K., Sato, K., Kurita, M., Masuhara, N., lijima, Y., Saeki, K. and Ohno, S.
(1997). “The seroprevalence o f HTLV-I in patients with ocular diseases, pregnant
women and healthy volunteers in the Kanto district, central Japan.” Scand-J-InfectDis. 29(31: 219-21.
Grassmann, R., Dengler, C., Muller Fleckenstein, I., Fleckenstein, B., McGuire,
K., Dokhelar, M. C., Sodroski, J. G., etal. (1989). “Transformation to continuous
growth of primary human T lymphocytes by human T-cell leukemia virus type IX region genes transduced by a Herpesvirus saimiri vector.” Proc-Natl-Acad-Sci-U-S-A.
86(9): 3351-5.
Greaves, M. F. and Alexander, F. E. (1993). “An infectious etiology for common
acute lymphoblastic leukemia in childhood?” Leukemia 7(3): 349-60.
Greaves, M. F., Verbi, W., Tilley, R., Lister, T. A., Habeshaw, J., Guo, H. G.,
Trainor, C. D., et al. (1984). “Human T-cell leukemia virus (HTLV) in the United
Kingdom.” Int-J-Cancer 33(6): 795-806.
Green, P. L., Kaehler, D. A., McKearn, J. and Risser, R. (1988). “Substitution of
the LTR of Abelson murine leukemia virus does not alter the cell type o f virally
induced tumors.” Oncogene 2(6): 585-92.
Green, P. L., Ross, T. M., Chen, I. S. and Pettiford, S. (1995). “Human T-cell
leukemia virus type II nucleotide sequences between env and the last exon o f tax/rex
are not required for viral replication or cellular transformation.” J-Virol. 69(1): 38794.
Grégoire, D., Couez, D., Deschamps, J., Heuertz, S., Hors Cay la, M. C., Szpirer,
J., Szpirer, C., et al. (1984). “Different bovine leukemia virus-induced tumors harbor
the provirus in different chromosomes.” J-Virol. 50(1): 275-9.
Haahr, S., Sommerlund, M., Moller Larsen, A., Mogensen, S. and Andersen, H.
M. (1992). “Is multiple sclerosis caused by a dual infection with retrovirus and
Epstein-Barr virus?” Neuroepidemiology. 11(4-6): 299-303.

-189 -

Reference List

Chapter 7

Hall, W. W., Liu, C. R., Schneewind, O., Takahashi, H., Kaplan, M. H., Roupe,
G. and Vahlne, A. (1991). “Deleted HTLV-I provirus in blood and cutaneous lesions
of patients with mycosis fungoides [see comments].” Science 253(5017): 317-20.
Hall, W. W., Takahashi, H., Liu, C., Kaplan, M. H., Scheewind, O., Ijichi, S.,
Nagashima, K., etal. (1992). “Multiple isolates and characteristics o f human T-cell
leukemia virus type II.” J-Virol. 66(4): 2456-63.
Hallberg, B., Schmidt, J., Luz, A., Pedersen, F. S. and Grundstrom, T. (1991).
“SL3-3 enhancer factor 1 transcriptional activators are required for tumor formation
by SL3-3 murine leukemia virus.” J-Virol. 65(8): 4177-81.
Hanchard, B. (1996). “Adult T-cell leukemia/lymphoma in Jamaica: 1986-1995.” J
Acquir Immune Defic Svndr Hum Retrovirol 13(1): S20-5.
Hanna, Z., Jankowski, M., Tremblay, P., Jiang, X., Milatovich, A., Francke, U.
and Jolicoeur, P. (1993). “The Vin-1 gene, identified by provirus insertional
mutagenesis, is the cyclin D2.” Oncogene 8(6): 1661-6.
Harada, F., Tsukada, N. and Kato, N. (1987). “Isolation o f three kinds o f human
endogenous retrovirus-like sequences using tRNA(Pro) as a probe.” Nucleic-AcidsRes. 15(22): 9153-62.
Hartley, J. W., Wolford, N. K., Old, L. J. and Rowe, W. P. (1977). “A new class of
murine leukemia virus associated with development of spontaneous lymphomas.”
Proc-Natl-Acad-Sci-U-S-A 74(2): 789-92.
Hattori, M., Kuhara, S., Takenaka, O. and Sakaki, Y. (1986). “LI family of
repetitive DNA sequences in primates may be derived from a sequence encoding a
reverse transcriptase-related protein.” Nature 321(6070): 625-8.
Hayami, M., Tsujimoto, H., Komuro, A., Hinuma, Y. and Fujiwara, K. (1984).
“Transmission o f adult T-cell leukemia virus from lymphoid cells to non-lymphoid
cells associated with cell membrane fusion.” Gann. 75(2): 99-102.
Hayward, W. S., Neel, B. G. and Astrin, S. M. (1981). “Activation o f a cellular one
gene by promoter insertion in ALV-induced lymphoid leukosis.” Nature 290(5806):
475-80.
Hehlmann, R., Erfle, V., Schetters, H., Luz, A., Rohmer, H., Schreiber, M. A.,
Pralle, H., et al. (1984). “Antigens and circulating immune complexes related to the
primate retroviral glycoprotein SiSVgp70. Indicators o f early mortality in human
acute leukemias and chronic myelogenous leukemias in blast crisis.” Cancer 54(12):
2927-35.
Heidmann, O. and Heidmann, T. (1991). “Retrotransposition o f a mouse LAP
sequence tagged with an indicator gene.” Cell 64(1): 159-70.
Heim, S., Avanzi, G. C., Billstrom, R., Kristoffersson, U., Mandahl, N., Bekassy,
A. N., Garwicz, S., Wiebe, T., et al. (1987). “A new specific chromosomal
rearrangement, t(8;16) (pi l;p l3 ), in acute monocytic leukaemia.” Br-J-Haematol.
66(3): 323-6.
Heisterkamp, N., Stephenson, J. R., Groffen, J., Hansen, P. F., de Klein, A.,
Bartram, C. R. and Grosveld, G. (1983). “Localization o f the c-abl oncogene
adjacent to a translocation break point in chronic myelocytic leukaemia.” Nature
306(5940): 239-42.
Hendriks, J. (1985). “A possible association between HTLV-I and B-cell chronic
lymphocytic leukemia in Jamaica.” Acta-Haematol. 74(1): 55-7.
Heredia, A., Soriano, V., Weiss, S. H., Bravo, R., Vallejo, A., Denny, T. N.,
Epstein, J. S., et al. (1996). “Development o f a multiplex PCR assay for the

-190-

Reference List

Chapter 7

simultaneous detection and discrimination o f HIV-1, HIV-2, HTLV-I and HTLV-II.”
Clin-Diagn-Virol. 7(2): 85-92.
Hino, S., Yamaguchi, K., Katamine, S., Sugiyama, H., Amagasaki, T., Kinoshita,
K., Yoshida, Y., et a l (1985). “Mother-to-child transmission o f human T-cell
leukemia virus type-I.” Jpn-J-Cancer-Res. 76(6): 474-80.
Hinuma, Y., Nagata, K., Hanaoka, M., Nakai, M., Matsumoto, T., Kinoshita, K.
I., Shirakawa, S., et a l (1981). “Adult T-cell leukemia: antigen in an ATL cell line
and detection o f antibodies to the antigen in human sera.” Proc-Natl-Acad-Sci-U-S-A
78(10): 6476-80.
Hirose, Y., Takamatsu, M. and Harada, F. (1993). “Presence o f env genes in
members of the RTVL-H family o f human endogenous retrovirus-like elements.”
Virology 192(1): 52-61.
Hjelle, B., Appenzeller, O., Mills, R., Alexander, S., Torrez Martinez, N., Jahnke,
R. and Ross, G. (1992). “Chronic neurodegenerative disease associated with HTLVII infection.” Lancet 339(8794): 645-6.
Hjelle, B., Scalf, R. and Swenson, S. (1990). “High frequency o f human T-cell
leukemia-lymphoma virus type II infection in New Mexico blood donors:
determination by sequence-specific oligonucleotide hybridization.” Blood 76(3): 4504.
Holmes, S. E., Dombroski, B. A., Krebs, C. M., Boehm, C. D. and Kazazian, H.
H., Jr. (1994). “A new retrotransposable human LI element from the LRE2 locus on
chromosome Iq produces a chimaeric insertion.” Nat-Genet. 7(2): 143-8.
Homma, T., Kanki, P. J., King, N. W., Jr., Hunt, R. D., O'Connell, M. J., Letvin,
N. L., Daniel, M. D., et a l (1984). “Lymphoma in macaques: association with virus
o f human T lymphotrophic family.” Science 225(4663): 716-8.
Horn, T. M., Huebner, K., Croce, C. and Callahan, R. (1986). “Chromosomal
locations of members o f a family o f novel endogenous human retroviral genomes.” h
Virol. 58(3): 955-9.
Horwitz, M. S., Boyce Jacino, M. T. and Faras, A. J. (1992). “Novel human
endogenous sequences related to human immunodeficiency virus type 1.” J-Virol.
66(4): 2170-9.
Hubbard, G. B., Mone, J. P., Allan, J. S., Davis, K. J. d., Leland, M. M., Banks,
P. M. and Smir, B. (1993). “Spontaneously generated non-Hodgkin's lymphoma in
twenty-seven simian T-cell leukemia virus type 1 antibody-positive baboons (Papio
species).” Lab-Anim-Sci. 43(4): 301-9.
Hull, R. and Will, H. (1989). “Molecular biology o f viral and nonviral
retroelements.” Trends-Genet. 5(11): 357-9.
Hunsmann, G., Bayer, H., Schneider, J., Schmitz, H., Kern, P., Dietrich, M.,
Buttner, D. W., et a l (1984). “Antibodies to ATLV/HTLV-1 in Africa.” MedMicrobiol-Immunol-Berl. 173(3): 167-70.
loannou, P. A., Amemiya, C. T., Games, J., Kroisel, P. M., Shizuya, H., Chen, C.,
Batzer, M. A., et a l (1994). “A new bacteriophage PI-derived vector for the
propagation o f large human DNA fragments.” Nature Genetics 6: 84-89.
loannou, P. A. and de Jong, P. J. (1996). Construction of Bacterial Artificial
Chromosome Libraries using the modified PI (PAC) System. Current Protocols in
Human Genetics. Dracopoli and e. al. NY, John Wiley and Sons.
Ishida, T., Yamamoto, K., Omoto, K., Iwanaga, M., Osato, T. and Hinuma, Y.
(1985). “Prevalence o f a human retrovirus in native Japanese: evidence for a possible
ancient origin.” J-Infect. 11(2): 153-7.

-191-

Reference List

Chapter 7

Jacobson, E. R., Seely, J. C. and Novilla, M. N. (1980). “Lymphosarcoma
associated with vims-like intranuclear inclusions in a California king snake
(Colubridae: LampropeltisV’ J-Natl-Cancer-Inst. 65(3): 577-83.
Jacobson, S., Shida, H., McFarlin, D. E., Fauci, A. S. and Koenig, S. (1990).
“Circulating CD8+ cytotoxic T lymphocytes specific for HTLV-I pX in patients with
HTLV-I associated neurological disease.” Nature 348(6298): 245-8.
Jeannel, D., Garin, B., Kazadi, K., Singa, L. and de The, G. (1993). “The risk of
tropical spastic paraparesis differs according to ethnic group among HTLV-I carriers
in Inongo, Zaire.” J -Acquir-Immune-Defic-S vndr. 6(7): 840-4.
Jensen, W. A., Rovnak, J. and Cockerell, G. L. (1991). “In vivo transcription of the
bovine leukemia vims tax/rex region in normal and neoplastic lymphocytes o f cattle
and sheep.” J-Virol 65(5): 2484-90.
Jerabek, L. B., Mellors, R. C., Elkon, K. B. and Mellors, J. W. (1984). “Detection
and immunochemical characterization of a primate type C retrovirus-related p30
protein in normal human placentas.” Proc-Natl-Acad-Sci-U-S-A 81(20): 6501-5.
Johansen, T., Holm, T. and Bjorklid, E. (1989). “Members of the RTVL-H family
o f human endogenous retrovirus-like elements are expressed in placenta.” Gene 79(2):
259-67.
Johnson, P. M., Lyden, T. W. and Mwenda, J. M. (1990). “Endogenous retroviral
expression in the human placenta.” Am-J-Reprod-Immunol. 23(4): 115-20.
Jolicoeur, P. (1991). “Neuronal loss in a lower motor neuron disease induced by a
murine retro vims.” Can-J-Neurol-Sci. 18(3 Suppl): 411-3.
Kalyanaraman, V. S., Sarngadharan, M. G., Robert Guroff, M., Miyoshi, I.,
Golde, D. and Gallo, R. C. (1982). “A new subtype of human T-cell leukemia vims
(HTLV-H) associated with a T-cell variant of hairy cell leukemia.” Science
218(4572): 571-3.
Kamada, N., Sakurai, M., Miyamoto, K , Sanada, L, Sadamori, N., Fukuhara, S.,
Abe, S., et al. (1992). “Chromosome abnormalities in adult T-cell
leukemia/lymphoma: a karyotype review committee report.” Cancer-Res. 52(6): 148193.
Kambhu, S., Falldorf, P. and Lee, J. S. (1990). “Endogenous retroviral long
terminal repeats within the HLA-DQ locus.” Proc-Natl-Acad-Sci-U-S-A 87(13):
4927-31.
Kannan, P., Buettner, R., Pratt, D. R. and Tainsky, M. A. (1991). “Identification
o f a retinoic acid-inducible endogenous retroviral transcript in the human
teratocarcinoma-derived cell line PA-1.” J-Virol. 65(11): 6343-8.
Kaplan, J. E., Osame, M., Kubota, H., Igata, A., Nishitani, H., Maeda, ¥ .,
Khabbaz, R. F., et al. (1990). “The risk o f development of HTLV-I-associated
myelopathy/tropical spastic paraparesis among persons infected with HTLV-I.” T
Acauir-Immune-Defic-Svndr. 3(11): 1096-101.
Karpas, A. and Fischer, P. (1980). “Ultrastmctural expression o f vims-like particles
in human leukaemic cells growing in vitro.” Leuk-Res. 4(3): 315-24.
Katamine, S., Moriuchi, R., Yamamoto, T., Terada, K , Eguchi, K., Tsuji, Y.,
Yamabe, T., et al. (1994). “HTLV-I proviral DNA in umbilical cord blood o f babies
bom to carrier mothers.” Lancet 343(8909): 1326-7.
Kato, N., Larsson, E. and Cohen, M. (1988). “Absence o f expression o f a human
endogenous retrovirus is correlated with choriocarcinoma.” Int-J-Cancer 41(3): 380-5.
Kato, N., Pfeifer Ohlsson, S., Kato, M., Larsson, E., Rydnert, J., Ohlsson, R. and
Cohen, M. (1987). “Tissue-specific expression o f human provims ERV3 mRNA in

-192-

Reference List

Chapter 7

human placenta: two o f the three ERV3 mRNAs contain human cellular sequences.”
J-Virol. 61(71: 2182-91.
Kato, N., Shimotohno, K , VanLeeuwen, D. and Cohen, M. (1990). “Human
proviral mRNAs down regulated in choriocarcinoma encode a zinc finger protein
related to Kruppel.” Mol-Cell-Biol. 10(8): 4401-5.
Katsuki, T., Yamaguchi, K , Matsuoka, Y. and Hinuma, Y. (1986). “Impairment
of T-cell control o f Epstein-Barr virus infected B-cells in patients with adult T-cell
leukemia.” AIDS Res 2(11: S125-30.
Katz, R. A. and Jentoft, J. E. (1989). “What is the role o f the cys-his m otif in
retroviral nucleocapsid (NC) proteins?” Bioessavs 11(6): 176-81.
Kawano, F., Yamaguchi, K , Nishimura, H., Tsuda, H. and Takatsuki, K (1985).
“Variation in the clinical courses of adult T-cell leukemia.” Cancer 55(4): 851-6.
Kayembe, K., Goubau, P., Desmyter, J., Vlietinck, R. and Carton, H. (1990). “A
cluster o f HTLV-1 associated tropical spastic paraparesis in Equateur (Zaire): ethnic
and familial distribution [see comments].” J-Neurol-Neurosurg-Psvchiatrv 53(1): 410 .
Kazazian, H. H., Jr., Wong, C., Youssoufian, H., Scott, A. F., Phillips, D. G. and
Antonarakis, S. E. (1988). “Haemophilia A resulting from de novo insertion o f LI
sequences represents a novel mechanism for mutation in man.” Nature 332(6160):
164-6.
Keydar, I., Ohno, T., Nayak, R., Sweet, R., Simoni, F., Weiss, F., Karby, S., etal.
(1984). “Properties o f retrovirus-like particles produced by a human breast carcinoma
cell line: immunological relationship with mouse mammary tumor virus proteins.”
Proc-Natl-Acad-Sci-U-S-A 81(13): 4188-92.
Keyeux, G., Lefranc, G. and Lefranc, M. P. (1989). “A multigene deletion in the
human IGH constant region locus involves highly homologous hot spots of
recombination.” Genomics 5(3): 431-41.
King, J. A., Bridger, J. M., Lochelt, M., Lichter, P., Schulz, T. F., Schirrmacher,
V. and Khazaie, K. (1998). “Nucleocytoplasmic transport o f HTLV-1 RNA is
regulated by two independent LTR encoded nuclear retention elements.” Oncogene
16(25): 3309-16.
Kinlen, L. (1988). “Evidence for an infective cause o f childhood leukaemia:
comparison o f a Scottish new town with nuclear reprocessing sites in Britain [see
comments].” Lancet 2(8624): 1323-7.
Kinlen, L. J., Clarke, K. and Hudson, C. (1990). “Evidence from population mixing
in British New Towns 1946-85 o f an infective basis for childhood leukaemia.” Lancet
336(8715): 577-82.
Kinoshita, K , Hino, S., Amagaski, T., Ikeda, S., Yamada, Y., Suzuyama, J.,
Momita, S., et al. (1984). “Demonstration of adult T-cell leukemia virus antigen in
milk from three sero-positive mothers.” Gann 75(2): 103-5.
Kinoshita, K., Yamanouchi, K , Ikeda, S., Momita, S., Amagasaki, T., Soda, H.,
Ichimaru, M., et al. (1985). “Oral infection o f a common marmoset with human Tcell leukemia virus type-I (HTLV-I) by inoculating fresh human milk o f HTLV-I
carrier mothers.” Jpn-J-Cancer-Res. 76(12): 1147-53.
Kinoshita, T., Shimoyama, M., Tobin ai, K , Ito, M., Ito, S., Ikeda, S., Tajima, K ,
et al. (1989). “Detection o f mRNA for the taxi/rex 1 gene o f human T-cell leukemia
virus type I in fresh peripheral blood mononuclear cells of adult T-cell leukemia
patients and viral carriers by using the polymerase chain reaction,” Proc-Natl-AcadSci-U-S-A 86(14): 5620-4.

-193-

Reference List

Chapter 7

Kira, J., Koyanagi, ¥ ., Yamada, T., Itoyama, Y., Goto, I., Yamamoto, N., Sasaki,
H., et al. (1991). “Increased HTLV-I proviral DNA in HTLV-I-associated
myelopathy: a quantitative polymerase chain reaction study [published erratum
appears in Ann Neurol 1991 Apr:29f41:3631.” Ann-Neurol. 29(2): 194-201.
Kiss, J., Toth, F. D., Szabo, B., Kiss, A. and Rak, K (1989). “Retrovirusneutralizing antibodies in AML and AMMoL patients: stage-specific distribution.”
Neoplasma 36(2): 191-7.
Kiyokawa, T., Seiki, M., Imagawa, K , Shimizu, F. and Yoshida, M. (1984).
“Identification o f a protein (p40x) encoded by a unique sequence pX o f human T-cell
leukemia virus type I.” Gann 75(9): 747-51.
Kiyokawa, T., Seiki, M., Iwashita, S., Imagawa, K., Shimizu, F. and Yoshida, M.
(1985). “p27x-m and p21x-in, proteins encoded by the pX sequence o f human T-cell
leukemia virus type I.” Proc-Natl-Acad-Sci-U-S-A 82(24): 8359-63.
Kiyokawa, T., Yamaguchi, K., Takeya, M., Takahashi, K , Watanabe, T.,
Matsumoto, T., Lee, S. Y., et al. (1987). “Hypercalcemia and osteoclast proliferation
in adult T-cell leukemia.” Cancer 59(6): 1187-91.
Kjellman, C., Sjogren, H. O., Salford, L. G. and Widegren, B. (1999). “HERV-F
(XA34) is a full-length human endogenous retrovirus expressed in placental and fetal
tissues.” Gene 239(1): 99-107.
Komurian, F., Pelloquin, F. and de The, G. (1991). “In vivo genomic variability of
human T-cell leukemia virus type I depends more upon geography than upon
pathologies.” J-Virol. 65(7): 3770-8.
Komurian Pradel, F., Pelloquin, F., Sonoda, S., Osame, M. and de The, G. (1992).
“Geographical subtypes demonstrated by RFLP following PCR in the LTR region of
HTLV-I.” AIDS-Res-Hum-Retroviruses 8(4): 429-34.
Koralnik, I. J., Boeri, E., Saxinger, W. C., Monico, A. L., Fullen, J., Gessain, A.,
Guo, H. G., et al. (1994). “Phylogenetic associations o f human and simian T-cell
leukemia/lymphotropic virus type I strains: evidence for interspecies transmission.” L
Virol. 68(41: 2693-707.
Koralnik, I. J., Fullen, J. and Franchini, G. (1993). “The p i 21, pl3II, and p30II
proteins encoded by human T-cell leukemia/lymphotropic virus type I open reading
frames I and II are localized in three different cellular compartments.” J-Virol. 67(4):
2360-6.
Koralnik, I. J., Mulloy, J. C., Andresson, T., Fullen, J. and Franchini, G. (1995).
“Mapping of the intermolecular association of human T cell leukaemia/lymphotropic
virus type I p i 21 and the vacuolar H+-ATPase 16 kDa subunit protein.” J-Gen-Virol.
76(Pt 8): 1909-16.
Korber, B., Okayama, A., Donnelly, R., Tachibana, N. and Essex, M. (1991).
“Polymerase chain reaction analysis of defective human T-cell leukemia virus type I
proviral genomes in leukemic cells o f patients with adult T-cell leukemia.” J-Virol.
65(10): 5471-6.
Korbmacher, C., Konig, H., Boiler, K , Lower, R., Kurth, R. and Lower, J.
(1993). “The gag gene o f the endogenous retrovirus HERV-K is sufficient for particle
production.” J. Cancer Res. Clin. Oncol. 119(81): 85-10.
Kouzarides, T. and Ziff, E. (1989). “Behind the Eos and Jun leucine zipper.”
Cancer-Cells 1(3): 71-6.
Kozak, C. and Ruscetti, S. (1992). Retroviruses in Rodents. The Retroviridae. J. A.
Levy. New York, Plenum Press. 1: 405-481.

-194-

Reference List

Chapter 7

Kozak, M. (1986). “Point mutations define a sequence flanking the AUG initiator
codon that modulates translation by eukaryotic ribosomes.” Cell 44(2): 283-92.
Krieg, A. M., Gourley, M. F. and Perl, A. (1992). “Endogenous retroviruses:
potential etiologic agents in autoimmunity.” FASEB-J. 6(8): 2537-44.
Krieg, A. M. and Steinberg, A. D. (1990). “Retroviruses and autoimmunity.” J%
Autoimmun. 3(2): 137-66.
Kroger, B. and Horak, I. (1987). “Isolation o f novel human retrovirus-related
sequences by hybridization to synthetic oligonucleotides complementary to the
tRNA(Pro) primer-binding site.” J-Virol. 61(7): 2071-5.
Kuff, E. L. and Lueders, K. K. (1988). “The intracistemal A-particle gene family:
structure and functional aspects.” Adv Cancer Res 51: 183-276.
La Mantia, G., Maglione, D., Pengue, G., Di Cristofano, A. and Simeone, A.
(1991). “Identification and characterisation o f novel human endogenous retroviral
sequences preferentially expressed in undifferentiated embryonal carcinoma cells.”
Nucleic Acids Research 19(7): 1513-1520.
La Mantia, G., Majello, B., Di Cristofano, A., Strazzullo, M., Minchiotti, G. and
Lania, L. (1992). “Identification of regulatory elements within the minimal promoter
region o f the human endogenous ERV9 pro viruses: accurate transcription initiation is
controlled by an Inr-like element.” Nucleic Acids Research 20(16): 4129-4136.
La Mantia, G., Pengue, G., Maglione, D., Pannuti, A., Pascucci, A. and Lania, L.
(1989). “Identification o f new human repetitive sequences: characterization o f the
corresponding cDNAs and their expression in embryonal carcinoma cells.” NucleicAcids-Res. 17(15): 5913-22.
Laigret, F., Repaske, R., Boulukos, K., Rabson, A. B. and Khan, A. S. (1988).
“Potential progenitor sequences o f mink cell focus-forming (MCF) murine leukemia
viruses: ecotropic, xenotropic, and MCF-related viral RNAs are detected concurrently
in thymus tissues o f AKR mice.” J-Virol. 62(2): 376-86.
Lairmore, M. D., Jacobson, S., Gracia, F., De, B. K., Castillo, L., Larreategui,
M., Roberts, B. D., e t a l (1990). “Isolation o f human T-cell lymphotropic virus type
2 from Guaymi Indians in Panama.” Proc-Natl-Acad-Sci-U-S-A 87(22): 8840-4.
Lania, L., Di Cristofano, A., Strazzullo, M., Pengue, G., Majello, B. and La
Mantia, G. (1992). “Structural and functional organization o f the human endogenous
retroviral ERV9 sequences.” Virology 191(1): 464-8.
Larsson, E., Andersson, A. C. and Nilsson, B. O. (1994). “Expression of an
endogenous retrovirus (ERV3 HERV-R) in human reproductive and embryonic
tissues—evidence for a function for envelope gene products.” Ups-J-Med-Sci. 99(2):
113-20.
Larsson, E., Kato, N. and Cohen, M. (1989). “Human Endogenous Pro viruses.”
Current Topics in Microbiology and Immunology 148: 115-132.
Larsson, E., Venables, P., Andersson, A. C., Fan, W., Rigby, S., Botling, J.,
Oberg, F., et a l (1997). “Tissue and differentiation specific expression on the
endogenous retrovirus ERV3 (HERV-R) in normal human tissues and during induced
monocytic differentiation in the U-937 cell line.” Leukemia 3: 142-4.
Lavanchy, D., Bovet, P., Hollanda, J., Shamlaye, C. F., Burczak, J. D. and Lee,
H. (1991). “High seroprevalence of HTLV-I in the Seychelles [letter].” Lancet
337(8735): 248-9.
Law, M. L., Davidson, J. N. and Kao, F. T. (1982). “Isolation of a human repetitive
sequence and its application to regional chromosome mapping.” Proc-Natl-Acad-SciU-S-A 791231: 7390-4.
-

195

-

Reference List

Chapter 7

Law, M. L., Gao, J. Z. and Puck, T. T. (1989). “A nuclear protein associated with
human cancer cells binds preferentially to a human repetitive DNA sequence.” ProcNatl-Acad-Sci-U-S-A 86(211: 8472-6.
Lee, S. Y., Yamaguchi, K., Takatsuki, K., Kim, B. K , Park, S. and Lee, M.
(1986). “Seroepidemiology o f human T-cell leukemia virus type-I in the Republic of
Korea.” Jpn-J-Cancer-Res. 77(3): 250-4.
Leib Mosch, C., Brack, R., Werner, T., Erfle, V. and Hehlmann, R. (1986).
“Isolation o f an SSAV-related endogenous sequence from human DNA.” Virology
155(2): 666-77.
Leib Mosch, C., Haltmeier, M., Werner, T., Geigl, E. M., Brack Werner, R.,
Francke, U., Erfle, V., et al. (1993). “Genomic distribution and transcription of
solitary HERV-K LTRs.” Genomics 18(2): 261-9.
Leib-Mosch, C., Bachmann, M., Brack-Werner, R., Werner, T., Erfle, V. and
Hehlmann, R. (1992). “Expression and Biological Significance o f Human
Endogenous Retroviral Sequences.” Leukemia 6(S3): S72-75.
Levine, P. H., Blattner, W. A., Clark, J., Tarone, R., Maloney, E. M., Murphy, E.
M., Gallo, R. C., eta l. (1988). “Geographic distribution o f HTLV-I and identification
of a new high-risk population.” Int-J-Cancer 42(1): 7-12.
Levine, P. H., Dosik, H., Joseph, E. M., Felton, S., Bertoni, M. A., Cervantes, J.,
Moulana, V., et al. (1999). “A study of adult T-cell leukemia/lymphoma incidence in
central Brooklyn.” Int-J-Cancer 80(5): 662-6.
Levra Juillet, E., Boulet, A., Séraphin, B., Simon, M. and Faye, G. (1989).
“Mitochondrial introns all and/or aI2 are needed for the in vivo deletion o f
intervening sequences.” Mol-Gen-Genet. 217(1): 168-71.
Levy, L. S., Lobelle Rich, P. A., Elder, J. H., Payne, S. and Montelaro, R. C.
(1990). “An unusual retrovirus-like sequence identified in human DNA.” J-Gen-Virol.
71(Pt 7): 1613-8.
Li, J. P., D’Andrea, A. D., Lodish, H. F. and Baltimore, D. (1990). “Activation of
cell growth by binding of Friend spleen focus-forming virus gp55 glycoprotein to the
erythropoietin receptor.” Nature 343(6260): 762-4.
Lindeskog, M. and Blomberg, J. (1997). “Spliced human endogenous retroviral
HERV-H env transcripts in T-cell leukaemia cell lines and normal leukocytes:
alternative splicing pattern o f HERV-H transcripts [published erratum appears in J
Gen Virol 1998 Jan;79(Pt 1):212].” J-Gen-Virol. 78(Pt 10): 2575-85.
Lindeskog, M., Medstrand, P. and Blomberg, J. (1993). “Sequence variation of
human endogenous retrovirus ERV9-related elements in an env region corresponding
to an immunosuppressive peptide: transcription in normal and neoplastic cells.” J%
V irol 67(2): 1122-6.
Linial, M. L. and Miller, A. D. (1990). “Retroviral RNA packaging: sequence
requirements and implications.” Curr Top Microbiol Immunol 157: 125-52.
Liu, A. Y. and Abraham, B. A. (1991). “Subtractive cloning o f a hybrid human
endogenous retrovirus and calbindin gene in the prostate cell line PC3.” Cancer-Res.
51(15): 4107-10.
Liu, Q. R. and Chan, P. K (1990). “Identification of a long stretch o f
homopurine.homopyrimidine sequence in a cluster o f retroposons in the human
genome.” J-Mol-Biol. 212(3): 453-9.
Loughran, T. P., Jr., Coyle, T., Sherman, M. P., Starkebaum, G., Ehrlich, G. D.,
Ruscetti, F. W. and Poiesz, B. J. (1992). “Detection o f human T-cell

-196-

Reference List

Chapter 7

leukemia/lymphoma virus, type H, in a patient with large granular lymphocyte
leukemia.” Blood 80(5): 1116-9.
Louis, J. M., Oroszlan, S. and Tozser, J. (1999). “Stabilization from autoproteolysis
and kinetic characterization o f the human T-cell leukemia virus type 1 proteinase.” J%
Biol-Chem. 274(10): 6660-6.
Lower, J., Wondrak, E. M. and Kurth, R. (1987). “Genome analysis and reverse
transcriptase activity o f human teratocarcinoma-derived retroviruses.” J-Gen-Virol.
68(Pt 11): 2807-15.
Lower, R., Boiler, K., Hasenmaier, B., Korbmacher, C., Muller-Lantzsch, N.,
Lower, J. and Kurth, R. (1993). “Identification o f human endogenous retroviruses
with complex mRNA expression and particle formation.” Proceedings o f the National
Academy o f Science USA 90: 4480-4484.
Lower, R., Lower, J., Frank, H., Harzmann, R. and Kurth, R. (1984). “Human
teratocarcinomas cultured in vitro produce unique retrovirus-like viruses.” J-GenVirol. 65(Pt 5): 887-98.
Lower, R., Lower, J., Fondera Koch, C. and Kurth, R. (1993). “A general method
for the identification o f transcribed retrovirus sequences (R-U5 PCR) reveals the
expression of the human endogenous retrovirus loci HERV-H and HERV-K in
teratocarcinoma cells.” Virology 192(2): 501-11.
Lundblad, V. and Blackburn, E. H. (1990). “RNA-dependent polymerase motifs in
EST1: tentative identification o f a protein component o f an essential yeast telomerase
[letter].” Cell 60(4): 529-30.
Lunger, P. D., Hardy, W. D., Jr. and Clark, H. F. (1974). “C-type virus particles in
a reptilian tumor.” J Natl Cancer Inst 52(4): 1231-5.
Lyn, D., Heaven, L. L., Istock, N. L. and Smulson, M. (1993). “The polymorphic
ADP-ribosyltransferase (NAD+) pseudogene 1 in humans interrupts an endogenous
pol-like element on 13q34.” Genomics 18(2): 206-11.
Macatonia, S. E., Cruickshank, J. K , Rudge, P. and Knight, S. C. (1992).
“Dendritic cells from patients with tropical spastic paraparesis are infected with
HTLV-1 and stimulate autologous lymphocyte proliferation.” AIDS-Res-HumRetroviruses 8(9): 1699-706.
M aeda, N. (1985). “Nucleotide sequence o f the haptoglobin and haptoglobin-related
gene pair. The haptoglobin-related gene contains a retrovirus-like element.” J-BiolChem. 260(11): 6698-709.
Maeda, N. and Kim, H. S. (1990). “Three independent insertions o f retrovirus-like
sequences in the haptoglobin gene cluster o f primates.” Genomics 8(4): 671-83.
Maeda, N., McEvoy, S. M., Harris, H. F., Huisman, T. H. and Smithies, O.
(1986). “Polymorphisms in the human haptoglobin gene cluster: chromosomes with
multiple haptoglobin-related (Hpr) genes.” Proc-Natl-Acad-Sci-U-S-A 83(19): 73959.
Mager, D. L. and Freeman, J. D. (1987). “Human endogenous retroviruslike
genome with type C pol sequences and gag sequences related to human T-cell
lymphotropic viruses.” J-Virol. 61(12): 4060-6.
Mager, D. L. and Goodchild, N. L. (1989). “Homologous recombination between
the LTRs o f a human retrovirus-like element causes a 5-kb deletion in two siblings.”
Am-J-Hum-Genet. 45(6): 848-54.
Mager, D. L. and Henthorn, P. S. (1984). “Identification o f a retrovirus-like
repetitive element in human DNA.” Proc-Natl-Acad-Sci-U-S-A 81(23): 7510-4.

-197-

Reference List

Chapter 7

Mager, D. L. and Henthorn, P. S. (1985). “A retrovirus-like element occurs between
the 3' breakpoints o f two large deletions in the human beta-globin gene cluster.” Prog
Clin Biol Res 191: 81-91.
Mahieux, R., Ibrahim, F., Mauclere, P., Herve, V., Michel, P., Tekaia, F.,
Chappey, C., et al. (1997). “Molecular epidemiology o f 58 new African human T-cell
leukemia virus type 1 (HTLV-1) strains: identification o f a new and distinct HTLV-1
molecular subtype in Central Africa and in Pygmies.” J-Virol. 71(2): 1317-33.
Malik, K. T., Even, J. and Karpas, A. (1988). “Molecular cloning and complete
nucleotide sequence o f an adult T cell leukaemia virus/human T cell leukaemia virus
type I (ATLV/HTLV-I) isolate o f Caribbean origin: relationship to other members of
the ATLV/HTLV-I subgroup.” J-Gen-Virol. 69(Pt 7): 1695-710.
Maloney, E. M., Cleghorn, F. R., Morgan, O. S., Rodgers Johnson, P., Cranston,
B., Jack, N., Blattner, W. A., et al. (1998). “Incidence o f HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP) in Jamaica and Trinidad.” J%
Acquir-Immune-Defic-Svndr-Hum-Retro virol. 17(2): 167-70.
Maloney, E. M., Murphy, E. L., Figueroa, J. P., Gibbs, W. N., Cranston, B.,
Hanchard, B., Holding Cobham, M., etal. (1991). “Human T-lymphotropic virus
type I (HTLV-I) seroprevalence in Jamaica. H. Geographic and écologie determinants
[see comments].” Am-J-Epidemiol. 133(11): 1125-34.
Mann, D. L., DeSantis, P., Mark, G., Pfeifer, A., Newman, M., Gibbs, N.,
Popovic, M., etal. (1987). “HTLV-I-associated B-cell CLL: indirect role for
retrovirus in leukemogenesis.” Science 236(4805): 1103-6.
Mann, R., Mulligan, R. C. and Baltimore, D. (1983). “Construction o f a retrovirus
packaging mutant and its use to produce helper-free defective retrovirus.” Cell 33(1):
153-9.
Manzari, V., Gradilone, A., Barillari, G., Zani, M., Collalti, E., Pandolfi, F., De
Rossi, G., et al. (1985). “HTLV-I is endemic in southern Italy: detection o f the first
infectious cluster in a white population.” Int-J-Cancer 36(5): 557-9.
Marianna-Constantini, R., Horn, T. M. and Callahan, R. (1989). “Ancestory o f a
Human Endogenous Retrovirus Family.” Journal of Virology 63(11): 4982-4985.
Martin, M. A., Bryan, T., Rasheed, S. and Khan, A. S. (1981). “Identification and
cloning o f endogenous retroviral sequences present in human DNA.” Proc-Natl-AcadSci-U-S-A 78(8): 4892-6.
Martin, S. L. (1991). “Ribonucleoprotein particles with LINE-1 RNA in mouse
embryonal carcinoma cells.” Mol-Cell-Biol. 11(9): 4804-7.
Martin, S. L., Voliva, C. F., Burton, F. H., Edgell, M. H. and Hutchison, C. A. d.
(1984). “A large interspersed repeat found in mouse DNA contains a long open
reading frame that evolves as if it encodes a protein.” Proc-Natl-Acad-Sci-U-S-A
81(8): 2308-12.
Martinelli, S. C. and Goff, S. P. (1990). “Rapid reversion o f a deletion mutation in
Moloney murine leukemia virus by recombination with a closely related endogenous
provirus.” Virology 174(1): 135-44.
Matera, A. G., Hellmann, U. and Schmid, C. W. (1990). “A transpositionally and
transcriptionally competent Alu subfamily.” Mol-Cell-Biol. 10(10): 5424-32.
Mathias, S. L., Scott, A. F., Kazazian, H. H., Jr., Boeke, J. D. and Gabriel, A.
(1991). “Reverse transcriptase encoded by a human transposable element.” Science
254(5039): 1808-10.

-198-

Reference List

Chapter 7

Matsuoka, M., Hattori, T., Chosa, T., Tsuda, H., Kuwata, S., Yoshida, M.,
Uchiyama, T., et al. (1986). “T3 surface molecules on adult T cell leukemia cells are
modulated in vivo.” Blood 67(4): 1070-6.
May, F. E. and Westley, B. R. (1986). “Structure of a human retroviral sequence
related to mouse mammary tumor virus.” J-Virol. 60(2): 743-9.
May, F. E. and Westley, B. R. (1989). “Characterization o f sequences related to the
mouse mammary tumor virus that are specific to MCF-7 breast cancer cells.” CancerRes. 49(141: 3879-83.
McCarthy, T. J., Kennedy, J. L., Blakeslee, J. R. and Bennett, B. T. (1990).
“Spontaneous malignant lymphoma and leukemia in a simian T-lymphotropic virus
type I (STLV-I) antibody positive olive baboon.” Lab-Anim-Sci. 40(1): 79-81.
McEvoy, S. M. and Maeda, N. (1988). “Complex events in the evolution of the
haptoglobin gene cluster in primates.” J-Biol-Chem. 263(30): 15740-7.
McGrath, C. M., Grant, P. M., Soule, H. D., Glancy, T, and Rich, M. A. (1974).
“Replication o f oncornavirus-like particle in human breast carcinoma cell line, MCF7.” Nature 252(5480): 247-50.
McGuire, K. L., Curtiss, V. E., Larson, E. L. and Haseltine, W. A. (1993).
“Influence o f human T-cell leukemia virus type I tax and rex on interleukin-2 gene
expression.” J-Virol. 67(3): 1590-9.
Medstand, P. and Blomberg, J. (1993). “Characterization o f Novel Reverse
Transcriptase Encoding Human Endogenous Retroviral Sequences Similar to Type A
and Type B Retroviruses: Differential Transcription in Normal Human Tissues.”
Journal o f Virology 67(11): 6778-6787.
Medstrand, P., Lindeskog, M. and Blomberg, J. (1992). “Expression o f human
endogenous retroviral sequences in peripheral blood mononuclear cells o f healthy
individuals.” J-Gen-Virol. 73(Pt 9): 2463-6.
Mermer, B., Colb, M. and Krontiris, T. G. (1987). “A family o f short, interspersed
repeats is associated with tandemly repetitive DNA in the human genome.” Proc-NatlAcad-Sci-U-S-A 8 4 0 0k 3320-4.
Mi, S., Lee, X., Li, X.-p., Veldman, G., Finnerty, H., Racie, L., LaVallie, E., et al.
(2000). “Syncytin is a captive retroviral envelope protein involved in human placental
morphogenesis.” Nature 403: 785-789.
Miki, Y., Nishisho, I., Horii, A., Miyoshi, Y., Utsunomiya, J., Kinzler, K. W.,
Vogelstein, B., et al. (1992). “Disruption of the APC gene by a retrotransposal
insertion o f LI sequence in a colon cancer.” Cancer-Res. 52(3): 643-5.
Miller, M., Jaskolski, M., Rao, J. K., Leis, J. and Wlodawer, A. (1989). “Crystal
structure o f a retroviral protease proves relationship to aspartic protease family.”
Nature 337(6207): 576-9.
Minakami, R., Kurose, K., Etoh, K., Furuhata, Y., Hattori, M. and Sakaki, Y.
(1992). “Identification o f an internal cis-element essential for the human LI
transcription and a nuclear factor(s) binding to the element.” Nucleic-Acids-Res.
20(12): 3139-45.
Misra, R., Matera, A. G., Schmid, C. W. and Rush, M. G. (1989). “Recombination
mediates production o f an extrachromosomal circular DNA containing a transposonlike human element, THE-1.” Nucleic-Acids-Res. 17(20): 8327-41.
Misra, R., Shih, A., Rush, M., Wong, E. and Schmid, C. W. (1987). “Cloned
extrachromosomal circular DNA copies o f the human transposable element THE-1 are
related predominantly to a single type of family member.” J-Mol-Biol. 196(2): 23343.
-

199

-

Reference List

Chapter 7

Miura, T., Fukunaga, T., Igarashi, T., Yamashita, M., Ido, E., Funahashi, S.,
Ishida, T., etal. (1994). “Phylogenetic subtypes of human T-lymphotropic virus type
I and their relations to the anthropological background.” Proc-Natl-Acad-Sci-U-S-A
91(3): 1124-7.
Miyake, T., Migita, K. and Sakaki, Y. (1983). “Some Kpnl family members are
associated with the Alu family in the human genome.” Nucleic-Acids-Res. 11(19):
6837-46.
Miyoshi, I., Miyamoto, K., Sumida, M., Nishihara, R., Lai, M., Yoshimoto, S.,
Sato, J., et al. (1981). “Chromosome 14q+ in adult T-cell leukemia.” Cancer-GenetCvtogenet. 3(3): 251-9.
Miyoshi, L, Ohtsuki, Y., Fujishita, M., Yoshimoto, S., Kubonishi, I. and
Minezawa, M. (1982). “Detection of type C virus particles in Japanese monkeys
seropositive to adult T-cell leukemia-associated antigens.” Gann 73(6): 848-9.
Miyoshi, I., Taguchi, H., Yoshimoto, S., Fujishita, M., Mitani, M., Yamashita, M,
and Ohtsuki, Y. (1983). “Transmission o f Japanese monkey type C virus to human
lymphocytes [letter].” Lancet 2(8342): 166-7.
Mizrokhi, L. J., Georgieva, S. G. and Ilyin, Y. V. (1988). “jockey, a mobile
Drosophila element similar to mammalian LINEs, is transcribed from the internal
promoter by RNA polymerase H.” Cell 54(5): 685-91.
Mone, J., Whitehead, E., Leland, M., Hubbard, G. and Allan, J. S. (1992).
“Simian T-cell leukemia virus type I infection in captive baboons.” AIDS-Res-HumRetroviruses 8(9): 1653-61.
Monplaisir, N., Neisson Vernant, C., Bouillot, M., Duc Dodon, M., Ugarte, E.,
Valette, I., Dezaphy, Y., et al. (1993). “HTLV-I maternal transmission in Martinique,
using serology and polymerase chain reaction.” AIDS-Res-Hum-Retroviruses 9(9):
869-74.
Moore, D. H., Charney, J., Kramarsky, B., Lasfargues, E. Y., Sarkar, N. H.,
Brennan, M. J., Burrows, J. H., et al. (1971). “Search for a human breast cancer
virus.” Nature 229(5287): 611-4.
Morgan, O. S., Rodgers Johnson, P., Mora, C. and Char, G. (1989). “HTLV-1 and
polymyositis in Jamaica.” Lancet 2(8673): 1184-7.
Morse, B., Rotherg, P. G., South, V. J., Spandorfer, J. M. and Astrin, S. M.
(1988). “Insertional mutagenesis o f the myc locus by a LINE-1 sequence in a human
breast carcinoma.” Nature 333(6168): 87-90.
Moshier, J. A., Luk, G. D. and Huang, R. C. (1986). “mRNA from human colon
tumor and mucosa related to the pol gene of an endogenous A-type retrovirus.”
Biochem-Biophvs-Res-Commun. 139(3): 1071-7.
Mueller-Lantzsch, N., Sauter, M., Weiskircher, A., Kramer, K., Best, B., Buck,
M. and Grasser, F. (1993). “Human Endogenous Retroviral Element K10 (HERVK10) Encodes a Full-Length Gag Homologous 73-kDa Protein and a functional
Protease.” AIDS Research and Human Retroviruses 9(4): 343-350.
Mulloy, J. C., Crownley, R. W., Fullen, J., Leonard, W. J. and Franchini, G.
(1996). “The human T-cell leukemia/lymphotropic virus type 1 p i 21 proteins bind the
interleukin-2 receptor beta and gammac chains and affects their expression on the cell
surface.” J-Virol. 70(61: 3599-605.
Munroe, D. G., Peacock, J. W. and Benchimol, S. (1990). “Inactivation o f the
cellular p53 gene is a common feature o f Friend virus-induced erythroleukemia:
relationship o f inactivation to dominant transforming alleles.” Mol-Cell-Biol. 10(7):
3307-13.

- 200 -

Reference List

Chapter 7

Murphy, E. L., Figueroa, J. P., Gibbs, W. N., Brathwaite, A., Holding Cobham,
M., Waters, D., Cranston, B., etal. (1989). “Sexual transmission o f human Tlymphotropic virus type I (HTLV-I).” Ann-Intem-Med. 111(7): 555-60.
Murphy, E. L., Hanchard, B., Figueroa, J. P., Gibbs, W. N., Lofters, W. S.,
Campbell, M., Goedert, J. J., et al. (1989). “Modelling the risk o f adult T-cell
leukemia/lymphoma in persons infected with human T-lymphotropic virus type I.”
Int-J-Cancer 43(2): 250-3.
Murphy, E. L., Mahieux, R., de The, G., Tekaia, F., Ameti, D., Horton, J. and
Gessain, A. (1998). “Molecular epidemiology o f HTLV-Q among United States blood
donors and intravenous drug users: an age-cohort effect for HTLV-Q RFLP type aO.”
Virology 242(2): 425-34.
Mwenda, J. M. (1993). “Biochemical characterization o f a reverse transcriptase
activity associated with retroviral-like particles isolated from human placental villous
tissue.” Cell Mol Biol 39(3): 317-28.
Myhr, K. M., Frost, P., Gronning, M., Midgard, R., Kalland, K. H., Holland, D.
E. and Nyland, H. I. (1994). “Absence o f HTLV-1 related sequences in MS from
high prevalence areas in western Norway [published erratum appears in Acta Neurol
Scand 1994 Aug;90(2):143].” Acta-Neurol-Scand. 89(1): 65-8.
Nagatani, T., Matsuzaki, T., lemoto, G., Kim, S., Baba, N., Miyamoto, H. and
Nakajima, H. (2000). “Comparative study o f cutaneous T-cell lymphoma and adult
T-cell leukemia/lymphoma. Clinical, histopathologic, and immunohistochemical
analyses.” Cancer 66(11): 2380-6.
Nakamura, T., Alder, H., Gu, ¥ ., Prasad, R., Canaani, O., Kamada, N., Gale, R.
P., Lange, B., et al. (1993). “Genes on chromosomes 4, 9, and 19 involved in 1 lq23
abnormalities in acute leukemia share sequence homology and/or common motifs.”
Proc-Natl-Acad-Sci-U-S-A. 90(10): 4631-5.
Nakamura, H., Tanaka, Y., Komuro Tsujimoto, A., Ishikawa, K., Takadaya, K.,
Tozawa, H., Tsujimoto, H., etal. (1986). “Experimental inoculation of monkeys
with autologous lymphoid cell lines immortalized by and producing human T-cell
leukemia virus type-I.” Int-J-Cancer 38(6): 867-75.
Nam, S. H., Copeland, T. D., Hatanaka, M. and Oroszlan, S. (1993).
“Characterization o f ribosomal frameshifring for expression o f pol gene products of
human T-cell leukemia virus type I.” J-Virol. 67(1): 196-203.
Nam, S. H., Kidokoro, M., Shida, H. and Hatanaka, M. (1988). “Processing o f gag
precursor polyprotein o f human T-cell leukemia virus type I by virus-encoded
protease.” J-Virol. 6200): 3718-28.
Nerurkar, V. R., Achiron, A., Song, K. J., Melland, R. R., Pinhas Hamiel, O.,
Melamed, E., Shohat, B., et al. (1995). “Human T-cell lymphotropic virus type I in
Iranian-born Mashhadi Jews: genetic and phylogenetic evidence for common source
of infection.” J-Med-Virol. 45(4): 361-6.
Nerurkar, V. R., Song, K. J., Melland, R. R. and Yanagihara, R. (1994). “Genetic
and phylogenetic analyses o f human T-cell lymphotropic virus type I variants from
Melanesians with and without spastic myelopathy.” Mol-Neurobiol. 8(2-3): 155-73.
Nightingale, S., Orton, D., Ratcliff e, D., Skidmore, S., Tosswill, J. and
Desselberger, U. (1993). “Antenatal survey for the seroprevalence o f HTLV-1
infections in the West Midlands, England.” Epidemiol-Infect. 110(2): 379-87.
Nimer, S. (1991). “Tax responsiveness of the GM-CSF promoter is mediated by
mitogen-inducible sequences other than kappa B.” New-Biol. 3(10): 997-1004.

-201 -

Reference List

Chapter 7

Nishioka, K., Maruyama, I., Sato, K., Kitajima, I., Nakajima, Y. and Osame, M.
(1989). “Chronic inflammatory arthropathy associated with HTLV-I [letter].” Lancet
1(8635): 441.
Noda, M., Kurihara, M. and Takano, T. (1982). “Retrovirus-related sequences in
human DNA: detection and cloning of sequences which hybridize with the long
terminal repeat o f baboon endogenous virus.” Nucleic-Acids-Res. 10(9): 2865-78.
Nusse, R., van Ooyen, A., Rijsewijk, F., van Lohuizen, M., Schuuring, E. and
van’t Veer, L. (1985). “Retroviral insertional mutagenesis in murine mammary
cancer.” Proc-R-Soc-Lond-B-Biol-Sci. 226(1242): 3-13.
Nusse, R. and Varmus, H. E. (1982). “Many tumors induced by the mouse
mammary tumor virus contain a provirus integrated in the same region o f the host
genome.” Cell 31(1): 99-109.
O’Brien, S. J., Bonner, T. I., Cohen, M., O’Connell, C. and Nash, W. G. (1983).
“Mapping o f an endogenous retroviral sequence to human chromosome 18,” Nature
303(5912): 74-7.
O'Connell, C , O'Brien, S., Nash, W. G. and Cohen, M. (1984). “ERV3, a fulllength human endogenous pro virus: chromosomal localization and evolutionary
relationships.” Virology 138(2): 225-35.
O'Connell, C. D. and Cohen, M. (1984). “The long terminal repeat sequences o f a
novel human endogenous retrovirus.” Science 226(4679): 1204-6.
Oda, T., Ikeda, S., Watanabe, S., Hatshusika, M., Akiyama, K. and Mitsunobu,
F. (1988). “Molecular Cloning, Complete Nucleotide Sequence, and Gene Structure
o f the Provirus Genome o f a Retrovirus Produced in a Human Lymphoblastoid Cell
Line.” Virology 167: 468-476.
Odero, M. D., Zeleznik, L. N. J., Chinwalla, V. and Rowley, J. D. (2000).
“Cytogenetic and molecular analysis o f the acute monocytic leukemia cell line THP-1
with an MLL-AF9 translocation.” Genes Chromosomes Cancer 29(4): 333-8.
Ohshima, K., Suzumiya, J., Izumo, S., Mukai, Y., Tashiro, K. and Kikuchi, M.
(1996). “Detection o f human T-lymphotropic virus type-I DNA and mRNA in the
lymph nodes; using polymerase chain reaction in situ hybridization (PCR/ISH) and
reverse transcription (RT-PCR/ISH).” Int-J-Cancer 66(1): 18-23.
Okochi, K., Sato, H. and Hinuma, Y. (1984). “A retrospective study on transmission
of adult T cell leukemia virus by blood transfusion: seroconversion in recipients.”
Vox-Sang. 46(5): 245-53.
Ono, M., Kawakami, M. and Takezawa, T. (1987). “A novel human nonviral
retroposon derived from an endogenous retrovirus.” Nucleic-Acids-Res. 15(21): 872537.
Ono, M., Kawakami, M. and Ushikubo, H. (1987). “Stimulation o f expression of
the human endogenous retrovirus genome by female steroid hormones in human
breast cancer cell line T47D.” J-Virol. 61(6): 2059-62.
Ono, M., Yasunaga, T., Miyata, T. and Ushikubo, H. (1986). “Nucleotide sequence
of human endogenous retrovirus genome related to the mouse mammary tumor virus
genome.” J-Virol. 60(2): 589-98.
Osame, M., Matsumoto, M., Usuku, K., Izumo, S., Ijichi, N., Amitani, H., Tara,
M., et al. (1987). “Chronic progressive myelopathy associated with elevated
antibodies to human T-lymphotropic virus type I and adult T-cell leukemialike cells.”
Ann-Neurol. 21(2): 117-22.

-202-

Reference List

Chapter 7

Pan, X. Z., Qiu, Z. D., Chein, N., Gold, J. W., Hardy, W. D., Jr., Zuckerman, E.,
Wang, Q. N., e t a l (1991). “A seroepidemiological survey o f HTLV-I infection in
Shanghai and Chongqing cities in China [letter].” ADDS 5(6): 782-3.
Panagopoulos, I., Isaksson, M., Lindvall, C., Bjorkholm, M., Ahlgren, T.,
Fioretos, T., Heim, S., Mitelman, F., et al. (2000). “RT-PCR analysis o f the MOZCBP and CBP-MOZ chimeric transcripts in acute myeloid leukemias with
t(8;16)(pl l;p l3 ).” Genes Chromosomes Cancer 28(4): 415-24.
Pandolfi, F., Manzari, V., De Rossi, G., Semenzato, G., Lauria, F., Liso, V.,
Ranucci, A., et al. (1985). “T-helper phenotype chronic lymphocytic leukaemia and
"adult T-cell leukaemia" in Italy. Endemic HTLV-I-related T-cell leukaemias in
southern Europe.” Lancet 2(8456): 633-6.
Pannuti, A., Lanfrancone, L., Pascucci, A., Pelicci, P. G., La Mantia, G. and
Lania, L. (1988). “Isolation o f cDNAs encoding finger proteins and measurement of
the corresponding mRNA levels during myeloid terminal differentiation.” NucleicAcids-Res. 16(10): 4227-37.
Patience, C., Takeuchi, Y. and Weiss, R. A. (1997). “Infection o f human cells by an
endogenous retrovirus o f pigs.” Nat-Med. 3(3): 282-6.
Patriotis, C., Makris, A., Bear, S. E. and Tsichlis, P. N. (1993). “Tumor
progression locus 2 (Tpl-2) encodes a protein kinase involved in the progression o f
rodent T-cell lymphomas and in T-cell activation.” Proc-Natl-Acad-Sci-U-S-A 90(6):
2251-5.
Paulson, K. E., Deka, N., Schmid, C. W., Misra, R., Schindler, C. W., Rush, M.
G., Kadyk, L., et al. (1985). “A transposon-like element in human DNA.” Nature
316(6026): 359-61.
Paulson, K. E., Matera, A. G., Deka, N. and Schmid, C. W. (1987). “Transcription
of a human transposon-like sequence is usually directed by other promoters.” NucleicAcids-Res. 15(13): 5199-215.
Payne, G. S., Bishop, J. M. and Varmus, H. E. (1982). “Multiple arrangements of
viral DNA and an activated host oncogene in bursal lymphomas.” Nature 295(5846):
209-14.
Payne, L. N. (1992). Biology o f Avian Retroviruses. The Retroviridae. J. Levy. New
York, Plenum Press. 1: 299-404.
Perl, A., Isaacs, C. M., Eddy, R. L., Byers, M. G., Sait, S. N. and Shows, T. B.
(1991). “The human T-cell leukemia virus-related endogenous sequence (HRES1) is
located on chromosome 1 at q42.” Genomics 11(4): 1172-3.
Perl, A., Rosenblatt, J. D., Chen, I. S., DiVincenzo, J. P., Bever, R., Poiesz, B. J.
and Abraham, G. N. (1989). “Detection and cloning o f new HTLV-related
endogenous sequences in man.” Nucleic-Acids-Res. 17(17): 6841-54.
Perron, H., Garson, J. A., Bedin, F., Besme, F., Paranhos-Baccala, G., KomurianPradel, F., Mallet, F., et al. (1997). “Molecular identification o f a novel retrovirus
repeatedly isolated from patients with multiple sclerosis.” Proceedings o f the National
Academy o f Sciences USA 94: 7583-7588.
Peters, G. (1990). “Oncogenes at viral integration sites.” Cell-Growth-Differ. 1(10):
503-10.
Picard, F. J., Coulthart, M. B., Oger, J., King, E. E., Kim, S., Arp, J., Rice, G. P.,
et al. (1995). “Human T-lymphotropic virus type 1 in coastal natives of British
Columbia: phylogenetic affinities and possible origins.” J-Virol. 69(11): 7248-56.
Pilcher, K. S. and Fryer, J, L. (1980). “The viral diseases o f fish: a review through
1978. Part 1: Diseases o f proven viral etiology.” Crit-Rev-Microbiol. 7(4): 287-363.

-

203

-

Chapter 7

Reference List

Pique, C., Tursz, T. and Dokhelar, M. C. (1990). “Mutations introduced along the
HTLV-I envelope gene result in a non-functional protein: a basis for envelope
conservation?” EMBO-J. 9(13): 4243-8.
Pique, C., Ur eta Vidal, A., Gessain, A., Chancerel, B., Gout, O., Tamouza, R.,
Agis, F., et a l (2000). “Evidence for the chronic in vivo production o f human T cell
leukemia virus type I R of and Tof proteins from cytotoxic T lymphocytes directed
against viral peptides.” J-Exp-Med. 191(3): 567-72.
Pizzuti, A., Pieretti, M., Fenwick, R. G., Gibbs, R. A. and Caskey, C. T. (1992).
“A transposon-like element in the deletion-prone region o f the dystrophin gene.”
Genomics 13(3): 594-600.
Plumelle, Y., Gonin, C., Edouard, A., Bucher, B. J., Thomas, L., Brebion, A. and
Panelatti, G. (1997). “Effect of Strongyloides stercoralis infection and eosinophilia
on age at onset and prognosis of adult T-cell leukemia.” Am-J-Clin-Pathol. 107(1):
81-7.
Plumelle, Y., Pascaline, N., Nguyen, D., Panelatti, G., Jouannelle, A., Jouault, H.
and Imbert, M. (1993). “Adult T-cell leukemia-lymphoma: a clinico-pathologic
study o f twenty-six patients from Martinique.” Hematol-Pathol. 7(4): 251-62.
Poiesz, B. J., Ruscetti, F. W., Gazdar, A. F., Bunn, P. A., Minna, J. D. and Gallo,
R. C. (1980). “Detection and isolation o f type C retrovirus particles from fresh and
cultured lymphocytes o f a patient with cutaneous T-cell lymphoma.” Proc-Natl-AcadSci-U-S-A 77(12): 7415-9.
Pombo de Oliveira, M. S., Matutes, E., Schulz, T., Carvalho, S. M., Noronha, H.,
Reaves, J. D., Loureiro, P., e t a l (1995). “T-cell malignancies in Brazil. Clinicopathological and molecular studies of HTLV-I-positive and -negative cases.” Int-JCancer 60(6): 823-7.
Rabbitts, T. H. (1994). “Chromosomal translocations in human cancer.” Nature
372(6502): 143-9.
Rabson, A. B., Hamagishi, Y., Steele, P. E., Tykocinski, M. and Martin, M. A.
(1985). “Characterization o f human endogenous retroviral envelope RNA transcripts.”
J-Virol. 56(11: 176-82.
Rabson, A. B., Steele, P. E., Garon, C. F. and Martin, M. A. (1983). “mRNA
transcripts related to full-length endogenous retroviral DNA in human cells.” Nature
306(5943): 604-7.
Reddy, E. P., Sandberg Wollheim, M., Mettus, R. V., Ray, P. E., DeFreitas, E.
and Koprowski, H. (1989). “Amplification and molecular cloning o f HTLV-I
sequences from DNA o f multiple sclerosis patients [published erratum appears in
Science 1989 Oct 6;246(4926):246] [see comments].” Science 243(4890): 529-33.
Reeves, R. H. and O ’Brien, S. J. (1984). “Molecular genetic characterization o f the
RD-114 gene family o f endogenous feline retroviral sequences.” J-Virol. 52(1): 16471.
Renan, M. J. and Reeves, B. R. (1987). “Chromosomal localization o f human
endogenous retroviral element ERV1 to 18q22— q23 by in situ hybridization.”
Cvtogenet-Cell-Genet. 4412-31: 167-70.
Repaske, R., O’Neill, R. R., Steele, P. E. and Martin, M. A. (1983).
“Characterization and partial nucleotide sequence o f endogenous type C retrovirus
segments in human chromosomal DNA.” Proc-Natl-Acad-Sci-U-S-A 80(3): 678-82.
Repaske, R., Steele, P. E., O’Neill, R. R., Rabson, A. B. and Martin, M. A. (1985).
“Nucleotide sequence o f a full-length human endogenous retroviral segment.” J-Virol.
54(3): 764-72.

-204-

Chapter 7

Reference List

Rhee, S. S. and Hunter, E. (1990). “A single amino acid substitution within the
matrix protein o f a type D retrovirus converts its morphogenesis to that o f a type C
retrovirus.” Cell 63(1): 77-86.
Richardson, J. H., Edwards, A. J., Cruickshank, J. K., Rudge, P. and Dalgleish,
A. G. (1990). “In vivo cellular tropism of human T-cell leukemia virus type 1.”
ViroL 64(11): 5682-7.
Robek, M. D., Wong, F. H. and Ratner, L. (1998). “Human T-cell leukemia virus
type 1 pX-I and pX-II open reading frames are dispensable for the immortalization o f
primary lymphocytes.” J-Virol. 72(5): 4458-62.
Robert Guroff, M., Clark, J., Lanier, A. P., Beckman, G., Melbye, M., Ebbesen,
P., Blattner, W. A., et a l (1985). “Prevalence o f HTLV-I in Arctic regions.” Int-JCancer 36(6): 651-5.
Robinson, H. L., Astrin, S. M., Senior, A. M. and Salazar, F. H. (1981). “Host
Susceptibility to endogenous viruses: defective, glycoprotein-expressing proviruses
interfere with infections.” J-Virol. 40(3): 745-51.
Rosenblatt, J. D., Gasson, J. C., Glaspy, J., Bhuta, S., Aboud, M., Chen, I. S. and
Golde, D. W. (1987). “Relationship between human T cell leukemia virus-EI and
atypical hairy cell leukemia: a serologic study o f hairy cell leukemia patients.”
Leukemia 1(4): 397-401.
Rosenblatt, J. D., Giorgi, J. V., Golde, D. W., Ezra, J. B., Wu, A., Winberg, C. D.,
Glaspy, J., et a l (1988). “Integrated human T-cell leukemia virus II genome in CD8
+ T cells from a patient with "atypical" hairy cell leukemia: evidence for distinct T
and B cell lymphoproliferative disorders.” Blood 71(2): 363-9.
Rosenblatt, J. D., Golde, D. W., Wachsman, W., Giorgi, J. V., Jacobs, A.,
Schmidt, G. M., Quan, S., et a l (1986). “A second isolate o f HTLV-H associated
with atypical hairy-cell leukemia.” N-Engl-J-Med. 315(6): 372-7.
Rous, P. (1911). “A sarcoma of the fowl transmissable by an agent separable from the
tumour cells.” J. Exp. Med 13: 397-411.
Rovigatti, U. G. and Astrin, S. M. (1983). “Avian endogenous viral genes.” Curr
Top Microbiol Immunol 103: 1-21.
Rowley, J. D. (1990). “Recurring chromosome abnormalities in leukemia and
lymphoma.” Semin-Hematol. 27(2): 122-36.
Rowley, J. D., Diaz, M. O., Espinosa, R., 3rd, Patel, Y. D., van, M. E., Ziemin, S.,
Taillon, M. P., Lichter, P., et al. (1990). “Mapping chromosome band 1 lq23 in
human acute leukemia with biotinylated probes: identification o f 1 lq23 translocation
breakpoints with a yeast artificial chromosome.” Proc Natl Acad Sci U S A 87(23):
9358-62.
Ruben, S., Poteat, H., Tan, T. H., Kawakami, K., Roeder, R., Haseltine, W. and
Rosen, C. A. (1988). “Cellular transcription factors and regulation o f EL-2 receptor
gene expression by HTLV-I tax gene product.” Science 241(4861): 89-92.
Sagata, N., Yasunaga, T., Tsuzuku Kawamura, J., Ohishi, K., Ogawa, Y. and
Ikawa, Y. (1985). “Complete nucleotide sequence o f the genome o f bovine leukemia
virus: its evolutionary relationship to other retroviruses.” Proc-Natl-Acad-Sci-U-S-A
82(3): 677-81.
Saito, S., Furuki, K., Ando, Y., Tanigawa, T., Kakimoto, K., Moriyama, I. and
Ichijo, M. (1990). “Identification of HTLV-I sequence in cord blood mononuclear
cells of neonates bom to HTLV-I antigen/antibody-positive mothers by polymerase
chain reaction.” Jpn-J-Cancer-Res. 81(9): 890-5.

-205-

Reference List

Chapter 7

Sakakibara, I., Sugimoto, Y., Sasagawa, A., Honjo, S., Tsujimoto, H., Nakamura,
H. and Hayami, M. (1986). “Spontaneous malignant lymphoma in an African green
monkey naturally infected with simian T-lymphotropic virus (STLV).” J-MedPrimatol. 15(5): 311-8.
Sakashita, A., Hattori, T., Miller, C. W., Suzushima, H., Asou, N., Takatsuki, K.
and Koeffler, H. P. (1992). “Mutations of the p53 gene in adult T-cell leukemia.”
Blood 79(2): 477-80.
Saksena, N. K., Herve, V., Durand, J. P., Leguenno, B., Diop, O. M., Digouette, J.
P., Mathiot, C., etal. (1994). “Seroepidemiologic, molecular, and phylogenetic
analyses o f simian T-cell leukemia viruses (STLV-I) from various naturally infected
monkey species from central and western Africa.” Virology 198(1): 297-310.
Saksena, N. K., Sherman, M. P., Yanagihara, R., Dube, D. K. and Poiesz, B. J.
(1992). “LTR sequence and phylogenetic analyses o f a newly discovered variant o f
HTLV-I isolated from the Hagahai of Papua New Guinea.” Virology 189(1): 1-9.
Sambrook, J., Fritsch, E. F. and Maniatis, T. (1989). Molecular Cloning: A
Laboratory Manual. New York, Cold Spring Harbour.
Samuelson, L. C., Wiebauer, K., Snow, C. M. and Meisler, M. H. (1990).
“Retroviral and pseudogene insertion sites reveal the lineage o f human salivary and
pancreatic amylase genes from a single gene during primate evolution.” Mol-CellBiol. 10(6): 2513-20.
Sandmeyer, S. B., Hansen, L. J. and Chalker, D. L. (1990). “Integration specificity
o f retrotransposons and retroviruses.” Annu Rev Genet 24: 491-518.
Sap, J., Munoz, A., Damm, K., Goldberg, Y., Ghysdael, J., Leutz, A., Beug, H., et
al. (1986). “The c-erb-A protein is a high-affinity receptor for thyroid hormone.”
Nature 324(6098): 635-40.
Satake, N., Maseki, N., Nishiyama, M., Kobayashi, H., Sakurai, M., Inaba, H.,
Katano, N., Horikoshi, Y., et al. (1999). “Chromosome abnormalities and MLL
rearrangements in acute myeloid leukemia o f infants.” Leukemia 13(7): 1013-7.
Sauter, M., Schommer, S., Kremmer, E., Remberger, K., Dolken, G., Lemm, I.,
Buck, M., et al. (1995). “Human endogenous retrovirus K10: expression o f Gag
protein and detection o f antibodies in patients with seminomas.” J-Virol. 69(1): 41421 .
Saxinger, W., Blattner, W. A., Levine, P. H., Clark, J., Biggar, R., Hoh, M.,
Moghissi, J., et al. (1984). “Human T-cell leukemia virus (HTLV-I) antibodies in
Africa.” Science 225(4669): 1473-6.
Schmid, C. W., Wong, E. F. and Deka, N. (1990). “Single copy sequences in galago
DNA resemble a repetitive human retrotransposon-like family.” J-Mol-Evol. 31(2):
92-100.
Schrijvers, D., Delaporte, E., Peeters, M., Dupont, A. and Meheus, A. (1991).
“Seroprevalence o f retroviral infection in women with different fertility statuses in
Gabon, western equatorial Africa.” J-Acquir-Immune-Defic-Svndr. 4(5): 468-70.
Schulz, T. F., Calabro, M. L., Hoad, J. G., Carrington, C. V., Matutes, E.,
Catovsky, D. and Weiss, R. A. (1991). “HTLV-1 envelope sequences from Brazil,
the Caribbean, and Romania: clustering o f sequences according to geographic origin
and variability in an antibody epitope.” Virology 184(2): 483-91.
Schwartzberg, P., Colicelli, J. and Goff, S. P. (1985). “Recombination between a
defective retrovirus and homologous sequences in host DNA: reversion by patch
repair.” J-Virol. 53(3): 719-26.

- 206 -

Chapter 7

Reference List

Sedlacek, Z., Korn, B., Konecki, D. S., Siebenhaar, R., Coy, J. F., Kioschis, P.
and Poustka, A. (1993). “Construction o f a transcription map o f a 300 kb region
around the human G6PD locus by direct cDNA selection.” Hum-Mol-Genet. 2(11):
1865-9.
Seifarth, W., Baust, C„ Murr, A., Skladny, H., Krieg Schneider, F., Blusch, J.,
Werner, T., et al. (1998). “Proviral structure, chromosomal location, and expression
of HERV-K-T47D, a novel human endogenous retrovirus derived from T47D
particles.” J-Virol. 72(10): 8384-91.
Seifarth, W., Skladny, H., Krieg Schneider, F., Reichert, A., Hehlmann, R. and
Leib Mosch, C. (1995). “Retrovirus-like particles released from the human breast
cancer cell line T47-D display type B- and C-related endogenous retroviral
sequences.” J-Virol. 69(10): 6408-16.
Seiki, M., Eddy, R., Shows, T. B. and Yoshida, M. (1984). “Nonspecific integration
o f the HTLV provirus genome into adult T-cell leukaemia cells.” Nature 309(5969):
640-2.
Seiki, M., Hattori, S., Hirayama, Y. and Yoshida, M. (1983). “Human adult T-cell
leukemia virus: complete nucleotide sequence o f the pro virus genome integrated in
leukemia cell DNA.” Proc-Natl-Acad-Sci-U-S-A 80(12): 3618-22.
Seiki, M., Inoue, J., Hidaka, M. and Yoshida, M. (1988). “Two cis-acting elements
responsible for posttranscriptional trans-regulation of gene expression o f human Tcell leukemia virus type I.” Proc-Natl-Acad-Sci-U-S-A 85(19): 7124-8.
Senba, M., Nakamura, T., Kawai, K. and Senba, M. I. (1991). “HTLV-I and acute
pancreatitis [letter].” Lancet 337(8755): 1489.
Senjuta, N., Pavlish, O. and Gurtsevitch, V. (1991). “Case o f adult T-cell
leukaemia in HTLV-I infected family in Georgia, USSR [letter].” Lancet 338(8779):
1394.
Shiba, T. and Saigo, K. (1983). “Retrovirus-like particles containing RNA
homologous to the transposable element copia in Drosophila melanogaster.” Nature
302(5904): 119-24.
Shih, A., Coutavas, E. E. and Rush, M. G. (1991). “Evolutionary implications of
primate endogenous retroviruses.” Virology 182(2): 495-502.
Shih, A., Misra, R. and Rush, M. G. (1989). “Detection o f multiple, novel reverse
transcriptase coding sequences in human nucleic acids: relation to primate
retroviruses.” J-Virol. 63(1): 64-75.
Shimotohno, K., Takahashi, Y., Shimizu, N., Gojobori, T., Golde, D. W., Chen, I.
S., Miwa, M., et al. (1985). “Complete nucleotide sequence o f an infectious clone of
human T-cell leukemia virus type II: an open reading frame for the protease gene.”
Proc-Natl-Acad-Sci-U-S-A 82(10): 3101-5.
Shimoyama, M. (1991). “Peripheral T-cell lymphoma in Japan: recent progress.” Ann
Oncol 2: 157-62.
Shimoyama, M., Kagami, Y., Shimotohno, K., Miwa, M., Minato, K., Tobinai,
K., Suemasu, K., et al. (1986). “Adult T-cell leukemia/lymphoma not associated with
human T-cell leukemia virus type I.” Proc-Natl-Acad-Sci-U - S-A 83(12): 4524-8.
Shimoyama, M., Ota, K., Kikuchi, M., Yunoki, K., Konda, S., Takatsuki, K.,
Ichimaru, M., etal. (1988). “Chemotherapeutic results and prognostic factors of
patients with advanced non-Hodgkin's lymphoma treated with VEPA or VEPA-M.” T
Clin-Oncol. 6(\): 128-41.

-207-

Reference List

Chapter 7

Sibata, M., Ikeda, H., Katumata, K., Takeuchi, K., Wakisaka, A. and Yoshoki, T.
(1997). “Human endogenous retroviruses: expression in various organs in vivo and its
regulation in vitro.” Leukemia 3: 145-6.
Sibley, C. G. and Ahlquist, J. E. (1987). “DNA hybridization evidence o f hominoid
phylogeny: results from an expanded data set.” J-Mol-Evol. 26(1-2): 99-121.
Silver, J., Rabson, A., Bryan, T., Willey, R. and Martin, M. A. (1987). “Human
retroviral sequences on the Y chromosome.” Mol-Cell-Biol. 7(4): 1559-62.
Sinangil, F., Harada, S., Purtilo, D. T. and Volsky, D. J. (1985). “Host cell range of
adult T-cell leukemia virus. I. Viral infectivity and binding to various cells as detected
by flow cytometry.” Int-J-Cancer 36(2): 191-8.
Singer, M. F. (1982). “SINEs and LINEs: highly repeated short and long interspersed
sequences in mammalian genomes.” Cell 28(3): 433-4.
Skowronski, J. and Singer, M. F. (1986). “The abundant LINE-1 family o f repeated
DNA sequences in mammals: genes and pseudogenes.” Cold Spring Harb Svmp
Quant Biol 1: 457-64.
Solomon, J. J., Witter, R. L. and Nazerian, K. (1976). “Studies on the etiology of
lymphomas in turkeys: isolation o f reticuloendotheliosis in virus.” Avian-Dis. 20(4):
735-47.
Sommerfelt, M. A. and Weiss, R. A. (1990). “Receptor interference groups o f 20
retroviruses plating on human cells.” Virology 176(1): 58-69.
Sommerfelt, M. A., Williams, B. P., Clapham, P. R., Solomon, E., Goodfellow, P.
N. and Weiss, R. A. (1988). “Human T cell leukemia viruses use a receptor
determined by human chromosome 17.” Science 242(4885): 1557-9.
Song, K. J., Nerurkar, V. R., Saitou, N., Lazo, A., Blakeslee, J. R., Miyoshi, I.
and Yanagihara, R. (1994). “Genetic analysis and molecular phylogeny of simian Tcell lymphotropic virus type I: evidence for independent virus evolution in Asia and
Africa.” Virology 199(1): 56-66.
Soriano, V., Gutierrez, M., Vallejo, A., Aguilera, A., Pujol, E., Calderon, E. and
Gonzalez Lahoz, J. (1996). “Epidemiology o f HTLV-I infection in Spain. HTLV
Spanish Study Group.” Int-J-Epidemiol. 25(2): 443-9.
Speck, N. A., Renjifo, B. and Hopkins, N. (1990). “Point mutations in the Moloney
murine leukemia virus enhancer identify a lymphoid-specific viral core m otif and 1,3phorbol myristate acetate-inducible element.” J-Virol. 64(2): 543-50.
Stass, S. A. and Mirro, J., Jr. (1986). “Lineage heterogeneity in acute leukaemia:
acute mixed-lineage leukaemia and lineage switch.” Clin-Haematol. 15(3): 811-27.
Steele, P. E., Martin, M. A., Rabson, A. B., Bryan, T. and O’Brien, S. J. (1986).
“Amplification and chromosomal dispersion o f human endogenous retroviral
sequences.” J-Virol. 59(3): 545-50.
Steele, P. E., Rabson, A. B., Bryan, T. and Martin, M. A. (1984). “Distinctive
termini characterize two families o f human endogenous retroviral sequences.” Science
225(4665): 943-7.
Steffen, D., Bird, S., Rowe, W. P. and Weinberg, R. A. (1979). “Identification of
DNA fragments carrying ecotropic proviruses of AKR mice.” Proc-Natl-Acad-Sci-US-A 7 6 m : 4554-8.
Stehelin, D., Varmus, H. E., Bishop, J. M. and Vogt, P. K. S. O. (1976). “DNA
related to the transforming gene(s) o f avian sarcoma viruses is present in normal avian
DNA.” Nature 260: 170-173.

- 208 -

Chapter 7

Reference List

Stocking, C., Kollek, R., Bergholz, U. and Ostertag, W. (1985). “Long terminal
repeat sequences impart hematopoietic transformation properties to the
myeloproliferative sarcoma virus.” Proc-Natl-Acad-Sci-U-S-A 82(17): 5746-50.
Stoye, J. and Cofin, J. (1985). Endogenous Viruses. RNA Tumour Viruses. R.
Weiss, N. Teich, H. Varmus and J. Coffin. New York, Cold Spring Harbour. 1: 357404.
Stoye, J. P. and Coffin, J. M. (1987). “The four classes o f endogenous murine
leukemia virus: structural relationships and potential for recombination.” J-Virol.
61(9): 2659-69.
Stoye, J. P., Moroni, C. and Coffin, J. M. (1991). “Virological events leading to
spontaneous AKR thymomas.” J-Virol. 65(3): 1273-85.
Strout, M. P., Marcucci, G., Bloomfield, C. D. and Caligiuri, M. A. (1998). “The
partial tandem duplication o f ALL1 (MLL) is consistently generated by Alu-mediated
homologous recombination in acute myeloid leukemia.” Proc Natl Acad Sci U S A
95(5): 2390-5.
Sugimoto, M., Mita, S., Tokunaga, M., Yamaguchi, K., Cho, I., Matsumoto, M.,
Mochizuki, M., et a l (1993). “Pulmonary involvement in human T-cell lymphotropic
virus type-I uveitis: T-lymphocytosis and high proviral DNA load in bronchoalveolar
lavage fluid [see comments].” Eur-Respir-J. 6(7): 938-43.
Sugimoto, M., Nakashima, H., Watanabe, S., Uyama, E., Tanaka, F., Ando, M.,
Araki, S., et a l (1987). “T-lymphocyte alveolitis in HTLV-I-associated myelopathy
[letter].” Lancet 2(8569): 1220.
Suni, J., Narvanen, A., Wahlstrom, T., Lehtovirta, P. and Vaheri, A. (1984).
“Monoclonal antibody to human T-cell leukemia virus p i 9 defines polypeptide
antigen in human choriocarcinoma cells and syncytiotrophoblasts o f first-trimester
placentas.” Int-J-Cancer 33(3): 293-8.
Suzuki, H., Hosokawa, Y., Toda, H., Nishikimi, M. and Ozawa, T. (1990).
“Common protein-binding sites in the 5'-flanking regions o f human genes for
cytochrome cl and ubiquinone-binding protein.” J-Biol-Chem. 265(14): 8159-63.
Svensson, A. C., Setterblad, N., Sigurdardottir, S., Rask, L. and Andersson, G.
(1995). “Primate DRB genes from the DR3 and DR8 haplotypes contain ERV9 LTR
elements at identical positions.” Immunogenetics 41(2-3): 74-82.
Swergold, G. D. (1990). “Identification, characterization, and cell specificity o f a
human LINE-1 promoter.” Mol-Cell-Biol. 10(12): 6718-29.
Tajima, K. (1990). “The 4th nation-wide study o f adult T-cell leukemia/lymphoma
(ATL) in Japan: estimates o f risk o f ATL and its geographical and clinical features.
The T- and B-cell Malignancy Study Group.” Int-J-Cancer 45(2): 237-43.
Tajima, K. and Cartier, L. (1995). “Epidemiological features o f HTLV-I and adult T
cell leukemia.” Intervirology 38(3-4): 238-46.
Tajima, K. and Hinuma, Y. (1992). Epidemiology o f HTLV-I/II in Japan and the
world. Advances in Adult T-cell Leukaemia and HTLV-I Research. K. Takatsuki, Y.
Hinuma and M. Yoshida. Tokyo, Japan Scientific Societies Press: 129-149.
Tajima, K. and Kuroishi, T. (1985). “Estimation o f rate o f incidence o f ATL among
ATLV (HTLV-I) carriers in Kyushu, Japan.” Jpn-J-Clin-Oncol. 15(2): 423-30.
Takahashi, K., Takezaki, T., Oki, T., Kawakami, K., Yashiki, S., Fujiyoshi, T.,
Usuku, K., e t a l (1991). “Inhibitory effect o f maternal antibody on mother-to-child
transmission o f human T-lymphotropic virus type I. The Mother-to-Child
Transmission Study Group.” Int-J-Cancer 49(5): 673-7.

-209-

Reference List

Chapter 7

Takezaki, T., Tajima, K., Ito, M., Ito, S., Kinoshita, K., Tachibana, K. and
Matsushita, Y. (1997). “Short-term breast-feeding may reduce the risk o f vertical
transmission o f HTLV-I. The Tsushima ATL Study Group.” Leukemia 3: 60-2.
Takezaki, T., Tajima, K., Komoda, H. and Imai, J. (1995). “Incidence of human T
lymphotropic virus type I seroconversion after age 40 among Japanese residents in an
area where the virus is endemic.” J-Infect-Dis. 171(3): 559-65.
Tanaka, I. and Ishihara, H. (2001). “Enhanced expression o f the early
retrotransposon in C3H mouse-derived myeloid leukemia cells.” Virology 280(1):
107-14.
Tanaka, A., Takahashi, C., Yamaoka, S., Nosaka, T., Maki, M. and Hatanaka,
M. (1990). “Oncogenic transformation by the tax gene o f human T-cell leukemia virus
type I in vitro.” Proc-Natl-Acad-Sci-U-S-A 87(3): 1071-5.
Tanimura, A., Teshima, H., Fujisawa, J. and Yoshida, M. (1993). “A new
regulatory element that augments the Tax-dependent enhancer o f human T-cell
leukemia virus type 1 and cloning of cDNAs encoding its binding proteins.” J-Virol.
67(9): 5375-82.
Taruscio, D. and Manuelidis, L. (1991). “Integration site preferences o f endogenous
retroviruses.” Chromosoma 101(3): 141-56.
Taylor, G. M., Robinson, M. D., Binchy, A., Birch, J. M., Stevens, R. F., Jones, P.
M., Carr, T., et a l (1995). “Preliminary evidence of an association between HLADPB 1*0201 and childhood common acute lymphoblastic leukaemia supports an
infectious aetiology.” Leukemia 9(3): 440-3.
Taylor, G. P. (1996). “The epidemiology o f HTLV-I in Europe.” J Acquir Immune
Defic Svndr Hum Retrovirol 13(1): S8-14.
Temin, H. (1992). Origin and general nature o f retroviruses. The Retroviridae. J. A.
Levy. New York, Plenum Press. 1: 1-18.
Temin, H. M. (1980). “Origin o f retroviruses from cellular moveable genetic
elements.” Cell 21(3): 599-600.
Temin, H. M. (1982). “Viruses, protoviruses, development, and evolution.” J-CellBiochem. 19(21: 105-18.
Temin, H. M. (1985). “Reverse transcription in the eukaryotic genome: retroviruses,
pararetroviruses, retrotransposons, and retrotranscripts.” Mol-Biol-Evol. 2(6): 455-68.
Temin, H. M. (1989). “Reverse transcriptases. Retirons in bacteria [news].” Nature
339(6222): 254-5.
Ting, C. N., Rosenberg, M. P., Snow, C. M., Samuelson, L. C. and Meisler, M. H.
(1992). “Endogenous retroviral sequences are required for tissue-specific expression
of a human salivary amylase gene.” Genes-Dev. 6(8): 1457-65.
Tomita, N., Horii, A., Hoi, S., Yokouchi, H., Ogawa, M., Mori, T. and
Matsubara, K. (1990). “Transcription of human endogenous retroviral long terminal
repeat (LTR) sequence in a lung cancer cell line.” Biochem-Biophvs-Res-Commun.
166(1): 1-10.
Tonjes, R. R., Lower, R., Boiler, K., Denner, J., Hasenmaier, B., Kirsch, H.,
Konig, H., et a l (1996). “HERV-K: the biologically most active human endogenous
retrovirus family.” J Acquir Immune Defic Svndr Hum Retrovirol 13(1): S261-7.
Tozawa, H., Andoh, S., Takayama, Y., Tanaka, Y., Lee, B., Nakamura, H.,
Hayami, M., et a l (1988). “Species-dependent antigenicity of the 34-kDa
glycoprotein found on the membrane of various primate lymphocytes transformed by
human T-cell leukemia virus type-I (HTLV-I) and simian T-cell leukemia virus
fSTLV-0.” Int-J-Cancer 41(2): 231-8.

-210-

Reference List

Chapter 7

Tristem, M. (1996). “Amplification of divergent retroelements by PCR.”
Biotechniques 20(4): 608-12.
Tristem, M. (2000). “Identification and characterization o f novel human endogenous
retrovirus families by phylogenetic screening of the human genome mapping project
database.” J-Virol. 74(8): 3715-30.
Trujillo, J. M., Concha, M., Munoz, A., Bergonzoli, G., Mora, C., Borrero, L,
Gibbs, C. J., Jr., et al. (1992). “Seroprevalence and cofactors o f HTLV-I infection in
Tumaco, Colombia.” AIDS-Res-Hum-Retroviruses 8(5): 651-7.
Tsichlis, P. N., Lee, J. S., Bear, S. E., Lazo, P. A., Patriotis, C., Gustafson, E.,
Shinton, S., et al. (1990). “Activation o f multiple genes by provims integration in the
Mlvi-4 locus in T-cell lymphomas induced by Moloney murine leukemia vims.” L
Virol. 64(5): 2236-44.
Tsujimoto, H., Noda, Y., Ishikawa, K., Nakamura, H., Fukasawa, M.,
Sakakibara, L, Sasagawa, A., et al. (1987). “Development o f adult T-cell leukemia
like disease in African green monkey associated with clonal integration o f simian Tcell leukemia vims type I.” Cancer-Res. 47(1): 269-74.
Tuke, P. W., Luton, P. and Garson, J. A. (1992). “Differential diagnosis o f HTLV-I
and HTLV-II infections by restriction enzyme analysis of'nested' PCR products.” L
ViroLMethqds 40(2): 163-73.
Tuppin, P., Makuwa, M., Guerma, T., Bazabana, M. M., Loukaka, J. C.,
Jeannel, D., M'Pele, P., et al. (1996). “Low HTLV-IZH seroprevalence in pregnant
women in Congo and a geographic cluster o f an HTLV-like indeterminate western
blot pattern [letter].” J-Acquir-Immune-Defic-Svndr-Hum-Retrovirol. 11(1): 105-7.
Uchiyama, T., Hattori, T., Wano, Y., Tsudo, M., Takatsuki, K. and Uchino, H.
(1983). “Cell surface phenotype and in vitro function o f adult T-cell leukemia cells.”
Diagn-Immunol. 1(3): 150-4.
Uchiyama, T., Yodoi, J., Sagawa, K., Takatsuki, K. and Uchino, H. (1977). “Adult
T-cell leukemia: clinical and hematologic features of 16 cases.” Blood 50(3): 481-92.
Ullu, E. and Weiner, A. M. (1984). “Human genes and pseudogenes for the 7SL
RNA component o f signal recognition particle.” EMBO-J. 3(13): 3303-10.
Underwood, B. O., Smale, C. J., Brown, F. and Hill, B. J. (1977). “Relationship of
a vims from Tellina tenuis to infectious pancreatic necrosis vims.” J-Gen-Virol.
36(1): 93-109.
Vaidya, A. B. (1973). “Molecular biology o f human milk.” Science 180: 776-781.
Van Brussel, M., Goubau, P., Rousseau, R., Desmyter, J. and Vandamme, A. M.
(1997). “Complete nucleotide sequence of the new simian T-lymphotropic vims,
STLV-PH969 from a Hamadryas baboon, and unusual features o f its long terminal
repeat.” J-Virol. 71(7): 5464-72.
Van Cong, N., Fichelson, S., Gross, M. S., Sola, B., Bordereaux, D., de Tand, M.
F., Guilhot, S., Gisselbrecht, S., et al. (1989). “The human homologues o f Fim l,
Fim2/c-Fms, and Fim3, three retroviral integration regions involved in mouse
myeloblastic leukemias, are respectively located on chromosomes 6p23, 5q33, and
3q27.” Hum-Genet. 81(3): 257-63.
Van den Broeke, A., Cleuter, Y., Chen, G., Portetelle, D., Mammerickx, M.,
Zagury, D., Fouchard, M., et al. (1988). “Even transcriptionally competent
provimses are silent in bovine leukemia vims-induced sheep tumor cells.” Proc-NatlAcad-Sci-U-S-A 85(23): 9263-7.
Van Dooren, S., Gotuzzo, E., Salemi, M., Watts, D., Audenaert, E., Duwe, S.,
Ellerbrok, H., et al. (1998). “Evidence for a post-Columbian introduction o f human

-211 -

Reference List

Chapter 7

T-cell lymphotropic virus [type I] in Latin America.” J-Gen-Virol. 79(Pt 11): 2695708.
Vandamme, A. M., Liu, H. F., Goubau, P. and Desmyter, J. (1994). “Primate Tlymphotropic virus type I LTR sequence variation and its phylogenetic analysis:
compatibility with an African origin of PTLV-I.” Virology 202(1): 212-23.
Vanin, E. F. (1985). “Processed pseudogenes: characteristics and evolution.” Annu
Rev Genet 19: 253-72.
Varmus, H. (1988). “Retroviruses.” Science 240(4858): 1427-35.
Varmus, H. and Brown, P. (1991). Retroviruses. Mobile DNA. D. Berg and M.
Howe. Washington, American Society for Microbiology: 53-108.
Verdier, M., Denis, F., Sangare, A., Barin, F., Gershy Damet, G., Rey, J. L., Soro,
B., et a l (1989). “Prevalence o f antibody to human T cell leukemia virus type 1
(HTLV-1) in populations o f Ivory Coast, West Africa.” J-Infect-Dis. 160(3): 363-70.
Vernant, J. C., Buisson, G., Magdeleine, J., De Thore, J., Jouannelle, A., Neisson
Vernant, C. and Monplaisir, N. (1988). “T-lymphocyte alveolitis, tropical spastic
paresis, and Sjogren syndrome [letter].” Lancet. 1(8578): 177.
Vernant, J. C., Maurs, L., Gessain, A., Barin, F., Gout, O., Delaporte, J. M.,
Sanhadji, K., et a l (1987). “Endemic tropical spastic paraparesis associated with
human T-lymphotropic virus type I: a clinical and seroepidemiological study o f 25
cases.” Ann-Neurol. 21(2): 123-30.
Vidal, A. U., Gessain, A., Yoshida, M., Mahieux, R., Nishioka, K., Tekaia, F.,
Rosen, L., et a l (1994). “Molecular epidemiology o f HTLV type I in Japan: evidence
for two distinct ancestral lineages with a particular geographical distribution.” AIDSRes-Hum-Retroviruses 10(11): 1557-66.
Vidal, A. U., Gessain, A., Yoshida, M., Tekaia, F., Garin, B., Guillemain, B.,
Schulz, T., e t a l (1994). “Phylogenetic classification o f human T cell
leukaemia/lymphoma virus type I genotypes in five major molecular and geographical
subtypes.” J-Gen-Virol. 75(Pt 12): 3655-66.
Voevodin, A., al Mufti, S., Farah, S., Khan, R. and Miura, T. (1995). “Molecular
characterization o f human T-lymphotropic virus, type 1 (HTLV-1) found in Kuwait:
close similarity with HTLV-1 isolates originating from Mashhad, Iran.” AIDS-ResHum-Retroviruses I l f 101: 1255-9.
Voevodin, A., Samilchuk, E., Schatzl, H., Boeri, E. and Franchini, G. (1996).
“Interspecies transmission of macaque simian T-cell leukemia/lymphoma virus type 1
in baboons resulted in an outbreak o f malignant lymphoma.” J-Virol. 70(3): 1633-9.
Vogetseder, W., Dumfahrt, A., Mayersbach, P., Schonitzer, D. and Dierich, M. P.
(1993). “Antibodies in human sera recognizing a recombinant outer membrane protein
encoded by the envelope gene o f the human endogenous retrovirus K.” AIDS-ResHum-Retroviruses ; 9(7): 687-94.
Waldmann, T. A., White, J. D., Goldman, C. K., Top, L., Grant, A., Bamford, R.,
Roessler, E., et a l (1993). “The interleukin-2 receptor: a target for monoclonal
antibody treatment o f human T-cell lymphotrophic virus I-induced adult T-cell
leukemia.” Blood 82(6): 1701-12.
Wang, C. H., Chen, C. J., Hu, C. Y., You, S. L., Chu, C. T., Chou, M. J., Essex,
M., et a l (1988). “Seroepidemiology o f human T-cell lymphotropic virus type I
infection in Taiwan.” Cancer-Res. 48(17): 5042-4.
Watanabe, T., Seiki, M., Hirayama, Y. and Yoshida, M. (1986). “Human T-cell
leukemia virus type I is a member of the African subtype of simian viruses (STLV).”
Virology 148(2): 385-8.

-212-

Chapter 7

Reference List

Watanabe, T., Seiki, M. and Yoshida, M. (1984). “HTLV type I (U. S. isolate) and
ATLV (Japanese isolate) are the same species o f human retrovirus.” Virology 133(1):
238-41.
Watanabe, T., Yamaguchi, K., Takatsuki, K., Osame, M. and Yoshida, M.
(1990). “Constitutive expression of parathyroid hormone-related protein gene in
human T cell leukemia virus type 1 (HTLV-1) carriers and adult T cell leukemia
patients that can be trans-activated by HTLV-1 tax gene.” J-Exp-Med. 172(3): 759-65.
Water field, M. D., Scrace, G. T., Whittle, N., Stroobant, P., Johnsson, A.,
Wasteson, A., Wester mark, B., etal. (1983). “Platelet-derived growth factor is
structurally related to the putative transforming protein p28sis o f simian sarcoma
virus.” Nature 304(5921): 35-9.
Weiner, A. M., Deininger, P. L. and Efstratiadis, A. (1986). “Nonviral retroposons:
genes, pseudogenes, and transposable elements generated by the reverse flow of
genetic information.” Annu Rev Biochem 55: 631-61.
Werner, T., Brack Werner, R., Leib Mosch, C., Backhaus, H., Erfle, V. and
Hehlmann, R. (1990). “S71 is a phylogenetically distinct human endogenous
retroviral element with structural and sequence homology to simian sarcoma virus
(SSV).” Virology 174(1): 225-38.
Wichman, H. and Van Den Busch, R. (1992). “In Search o f Retrotransposons:
Exploring the Potential of the PCR.” BoTechniques 13(2): 258-264.
Widegren, B., Kjellman, C., Aminoff, S., Sahlford, L. G. and Sjogren, H. O.
(1996). “The structure and phylogeny of a new family o f human endogenous
retroviruses.” J-Gen-Virol. 77(Pt 8): 1631-41.
Wieser, R., Volz, A., Vinatzer, U., Gardiner, K., Jager, U., Mitterbauer, M.,
Ziegler, A., et al. (2000). “Transcription factor GATA-2 gene is located near 3q21
breakpoints in myeloid leukemia.” Biochem-Biophvs-Res-Commun. 273(1): 239-45.
Wilkinson, D. A., Freeman, J. D., Goodchild, N. L., Kelleher, C. A. and Mager,
D. L. (1990). “Autonomous expression of RTVL-H endogenous retroviruslike
elements in human cells.” J-Virol. 64(5): 2157-67.
Wilkinson, D. A., Goodchild, N. L., Saxton, T. M., Wood, S. and Mager, D. L.
(1993). “Evidence for a functional subclass o f the RTVL-H family o f human
endogenous retrovirus-like sequences.” J-Virol. 67(6): 2981-9.
Willems, L., Heremans, H., Chen, G., Portetelle, D., Billiau, A., Burny, A. and
Kettmann, R. (1990). “Cooperation between bovine leukaemia virus transactivator
protein and Ha-ras oncogene product in cellular transformation.” EMBO-J. 9(5):
1577-81.
Williams, A. E., Fang, C. T., Slamon, D. J., Poiesz, B. J., Sandler, S. G., Darr, W.
F. d., Shulman, G., et al. (1988). “Seroprevalence and epidemiological correlates of
HTLV-I infection in U.S. blood donors [published erratum appears in Science 1989
May 19;244(4906):757].” Science 240(4852): 643-6.
Wong, Z., Royle, N. J. and Jeffreys, A. J. (1990). “A novel human DNA
polymorphism resulting from transfer o f DNA from chromosome 6 to chromosome
16.” Genomics 7(2): 222-34.
Wyld, P. J., Tosswill, J. H., Mortimer, P. P. and Weber, J. N. (1990). “Sporadic
HTLV-I associated adult T-cell leukaemia (ATL) in the U.K.” Br-J-Haematol. 76(1):
149-50.
Xiong, Y. and Eickbush, T. H. (1990). “Origin and evolution o f retroelements based
upon their reverse transcriptase sequences.” The EMBO Journal 9(10): 3353-3362.

-213-

Reference List

Chapter 7

Xu, R., Gao, Q. and Wang, S. (1998). “[Investigation o f retroviral infection in
human acute myeloid leukemia].” Zhonehua-Yi-Xue-Za-Zhi. 78(7): 504-7
Xu, L., Wrona, T. J. and Dudley, J. P. (1996). “Exogenous mouse mammary tumor
virus (MMTV) infection induces endogenous MMTV sag expression.” Virology
215(2): 113-23.
Yamaguchi, K., Nishimura, H., Kohrogi, H., Jono, M., Miyamoto, Y. and
Takatsuki, K. (1983). “A proposal for smoldering adult T-cell leukemia: a
clinicopathologic study o f five cases.” Blood 62(4): 758-66.
Yasuda, N., Lai, P. K., Ip, S. H., Kung, P. C., Hinuma, Y., Matsuoka, M.,
Hattori, T., et al. (1988). “Soluble interleukin 2 receptors in sera o f Japanese patients
with adult T cell leukemia mark activity of disease.” Blood 71(4): 1021-6.
Yoshida, M., Osame, M., Kawai, H., Toita, M., Kuwasaki, N., Nishida, Y.,
Hiraki, Y., et al. (1989). “Increased replication of HTLV-I in HTLV-I-associated
mvelopathv.” Ann-Neurol. 26(3): 331-5.
Yoshida, M., Seiki, M., Yamaguchi, K. and Takatsuki, K. (1984). “Monoclonal
integration of human T-cell leukemia pro virus in all primary tumors o f adult T-cell
leukemia suggests causative role of human T-cell leukemia virus in the disease.” ProcNatl-Acad-Sci-U-S-A 81(8): 2534-7.
Zabarovsky, E. R., Chumakov, I. and Kisselev, L. L. (1983). “Tight linkage of
retroviral-like sequences to a variant human c-mos gene in the human genome.” Gene
23(3): 379-84.
Zaninovic, V., Sanzon, F., Lopez, F., Velandia, G., Blank, A., Blank, M.,
Fujiyama, C., etal. (1994). “Geographic independence o f HTLV-I and HTLV-II foci
in the Andes highland, the Atlantic coast, and the Orinoco o f Colombia.” AIDS-ResHum-Retroviruses 10(1): 97-101.
Zeigel, R. F. and Clark, H. F. (1969). “Electron microscopic observations on a "C"type virus in cell cultures derived from a tumor-bearing viper.” J-Natl-Cancer-Inst.
43(5): 1097-102.
Zeigel, R. F. and Clark, H. F. (1971). “Histologic and electron microscopic
observations on a tumor-bearing viper: establishment o f a "C"-type virus-producing
cell line.” J-Natl-Cancer-Inst. 46(2): 309-21.
Zhu, Z. B., Hsieh, S. L., Bentley, D. R., Campbell, R. D. and Volanakis, J. E.
(1992). “A variable number o f tandem repeats locus within the human complement
C2 gene is associated with a retroposon derived from a human endogenous
retrovirus.” J-Exp-Med. 175(6): 1783-7.
Zucker Franklin, D., Hooper, W. C. and Evatt, B. L. (1992). “Human
lymphotropic retroviruses associated with mycosis fungoides: evidence that human Tcell lymphotropic virus type II (HTLV-II) as well as HTLV-I may play a role in the
disease.” Blood 80(6): 1537-45.

-214-

Publications during period o f registration

Appendix

Appendix:

Publications During Period of Registration

Journal articles

•

Nicholls, P. K., Klaunberg, B. A., Moore, R. A., Santos, E. B., Parry, N. R., Gough, G.
W. and Stanley, M. A. (1999). “Naturally Occurring, Nonregressing Canine Oral
Papillomavirus Infection: Host Immunity, Virus Characterisation, and Experimental
Infection.” Virology 265 (2) 365-74.

e

Nicholls, P. K., Moore, P. F., Anderson, D. M., Moore, R. A., Parry, N. R., Gough, G. W.
and Stanley M. A. (2000) “Regression o f Canine Oral Papillomas is Associated with
Infiltration o f CD4+ and CD8+ Lymphocytes.” Virology In Press.

•

Stanley, M. A., Moore, R. A., Nicholls P. K., Santos’E. B., Thomsen L., Parry N. R.,
Walcott, S. W., and Gough, G. W. (2000) “Intra-epithelial vaccination with COPV LI DNA
by particle-mediated DNA delivery protects against mucosal challenge with infectious COPV
in beagle dogs.” Vaccine In Press.

•

Nicholls, P. K., Doorbar, J., Moore, R. A., Peh, W., Anderson, D. M., and Stanley, M. A.
(2000) “Detection o f Viral DNA and E4 Protein in Basal Kératinocytes o f Experimental Canine
Oral Papillomavirus Lesions.” Virology Submitted.

Conference Presentations

e

Moore, R. A., Nicholls, P. K., Doorbar, J., and Stanley, M. A. (1999) “The life cycle of
canine oral papillomavirus: Chronological and spatial expression o f E7, E4 and LI proteins.”
The ICRF 1999 Tumour Virus Meeting Cambridge. Poster Presentation.

•

Moore, R. A., Stanley, M. A., Nicholls P. K., Santos’ E. B., Thomsen L., Parry N. R.,
Walcott, S. W., and Gough, G. W. (2000) “Intra-epithelial vaccination with COPV LI DNA
by particle-mediated DNA delivery protects against mucosal challenge with infectious COPV
in beagle dogs.” 18th International Papillomavirus Conference Barcelona. Oral Presentation.

Appendix

e

Publications during period o f registration

Moore, R. A., Nicholls, P. K., Doorbar, J., Anderson, D. M., and Stanley, M. A. (2000)
“The life cycle o f canine oral papillomavirus: histopathology, immunohistochemistry, RNA
and DNA in situ hybridisation o f experimental infections, including studies o f L I, E4, E7 and
E2 protein expression.” 18th International Papillomavirus Conference Barcelona.

Poster

Presentation.

•

Moore, R. A., Nicholls, P. K., Santos, E. B., and Stanley, M. A. (2000) “Presence o f latent
COPV DNA in the oral mucosa o f beagle dogs following wart regression. PMDD of COPV
LI may induce viral clearance following challenge.” 18th International Papillomavirus
Conference Barcelona. Poster Presentation.

*

Moore, R. A., Stanley, M. A., Nicholls P. K., Santos’ E. B., Thomsen’ L., Parry N. R.,
Walcott, S. W., and Gough, G. W. (2000) “Intra-epithelial vaccination with COPV LI DNA
by particle-mediated DNA delivery protects against mucosal challenge with infectious COPV
in beagle dogs.” 146th ordinary meeting of the Society for General Microbiology Warwick.
Oral Presentation.

