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INTRODUCTION

Despite vaccination, which has reduced the incidence of several viral
infections (e. g. polio, mumps, measles), the treatment of diseases caused by many
viruses, as retroviruses (e. g. HTLV/BLV group. human immunodeficiency virus -
HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), human papillomaviruses
(HPV) and others, remains problematic. Molecular therapy is emerging as a potential
strategy for the treatment of various diseases for which few known effective therapies
exist. Specific inactivation of gene expression is an attractive approach for
development of successful antiviral therapy. A number of strategies for inhibition of
gene expression have been developed. Some, such as a triple helix forming or decoy
transcription factor binding oligodeoxynucleotides seems to disrupt gene expression
at the level of transcription. Others, such as antisense oligodeoxynucleotides (ODNs),
small interfering RNA molecules and the use of ribozymes, attempt to disrupt
expression at the level of mRNA translation (Kalota et al., 2004). Ribozymes are
known to catalitically cleave specific target RNA, leading to its degradation, whereas
antisense molecules inhibit translation by binding to mRNA sequences on a
stoichiometric basis. The more recently small interfering RNA (siRNA) has been
shown to inhibit target gene expression. Over the past few years tremendous progress
has been made toward using nucleic acids as therapeutic agents. Antisense (as)
nucleic acids, complementary to certain chosen virus genome sequences have been
proved to be efficient antiviral agents, possessing high specificity and low toxicity
(Whitton, 1994; Varga et al., 1997). Traditional approaches allow targeting of protein
functions, whereas antisense therapy can be directed toward not only the protein-
coding regions, but also against a different level of viral function, such as nucleic acid
sequences that control replication, transcription, and translation. Nevertheless, the
evaluation and use of nucleic acid drugs in control of diseases remains at an early
stage of development. Clinical trials with antisense oligonucleotides have been
already started. Gene therapy of viral infections, first introduced as intracellular
immunization, may offer hopes for new treatments to be used alone. or in conjunction
with, conventional drugs. Inhibition of virus replication by means of molecular
therapy (RNA based technologies, viral transactivator decoy, suicide genes) has now
been reported for numerous viruses, including such important human pathogens as

HIV-1 (Michienzy er al., 2002; Xing et al., 2004; Lu et al., 2004), HCV (Zhang et al.,



2004; Kronke et al., 2004)). HBV (Xu et al.. 2003; Guha et al., 2003), HPV (Alvarez-
Salas ef al., 2003; Butz et al., 2003; Clawson er al., 2004), poliovirus, Coxsackievirus
B3 (Yuan et al., 2005) and influenza virus A. Presently much effort is devoted to
development of anti-HIV therapy. Many different approaches of molecular therapy
have been applied for HIV-1. This include the use of antisense RNA, siRNA,
ribozymes and RNA decoy of HIV-1 tranms-activator protein Tat as well as their
combinations. Some of them have been used also in clinical trials. At 8" Conference
on Retroviruses and Opportunistic Infections in Chicago (February 4-8, 2001) was
reported about clinical trials, where asRNAs have been used for anti-HIV therapy.
The continued expression of the anti HIV-1 antisense genes in HIV-I-infected
subjects was detected in peripheral blood mononuclear, CD4" cells, and bone marrow
aspirate CD34 cell populations isolated post-infusion of the tranduced bone marrow
CD34" stem cells (Liu et al., 2001).

Successful treatment of HTLV-1 associated diseases requires inhibition of the
viral transcription as well as pathology specific therapy. It might be possible to design
gene therapy strategy that allow altogether avoid viruses and their drawbacks.
Although some progress in the treatment and prophylaxis of HTLV-1 infection has
been made, neither vaccine, nor satisfactory treatment of HTLV-1 associated diseases
is currently available. Thus, the development of suitable theraupeutic means against
HTLV-1 infection remains of great importance. Different molecular strategies
depending on the nature of the pathological condition could be applied to inhibit
certain virus. These include using of different types of nucleic acid compounds,
administration routes applied and ways of delivery into a cell, therapy target choice,
as well as combination of multiple targets for therapy simultaneously. To accumulate
a needed experience for the practical application of modern nucleic acid technologies
for the suppression of certain viruses (e. g. HTLV-1) more trials in vitro and
especially in vivo should be performed.

The aim and objectives of the present study

The aim of the present study was to investigate antiviral effect of asRNA and
viral trans-activator decoy sequences on HTLV-1 replication. In accordance with the
aim, the main objectives were:

1) to establish convenient monolayer cell culture model for investigation of

HTLV-1 infection;



2) to construct the plasmids carrying HTLV-1 sequences, suitable to study
their effect on viral replication;

3) to study antiviral activity of asRNA genes targeted at LTR U3 and pX
regions of HTLV-1 as well as virus trams-activator decoy sequences in cells
persistently infected with the virus: a) in the established monolayer cell line infected
with HTLV-1; b) in well described HTLV-1 producing lymphoid cell cultures: the
lymphoid rabbit cell line Ra-1 and human T-cell line MT-2.
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LITERATURE REVIEW

BIOLOGY OF HTLV-1

Human T-cell lymphotropic virus type 1 is an exogenous oncogenic retrovirus,
which belongs to the Deltaretrovirus genus of the Orthoretrovirinae subfamily in the
Retroviridae family as defined by the International Committee on the Taxonomy of
Viruses (ICTV).

Structure of the virion

The mature virions are seen as spherical and enveloped C-type particles (Fig.
1) with a diameter of 110 to 140 nm (Poiesz et al., 1980; Yoshida ez al.. 1982). The
host cell-derived membrane contains the glycoprotein spikes encoded by the viral env
gene which encodes two protein components: a 21 kDa transmembrane protein and a
receptor binding 46 kDa membrane surface glycoprotein (Ha et al., 2002). The center
of the HTLV-1 virion consists of a highly dense, spherical nucleocapsid containing
two copies of the 9 kb genomic RNA (which bears all of the characteristics of
eucariotic mRNA), the virus encoded enzymes - reverse transcriptase (Trentin et al.,
1998) and integrase (Bertola et al., 2001), tRNAP™ which is required as a primer for
the initiation of reverse transcription, and the viral protease (Kobayashi et al., 1991),
which is responsible for the cleavage of HTLV-1 structural proteins.

Chronically infected cell lines could contain also defective proviruses and
release different type particles. It was reported that in HTLV-1 transformed MT-2 cell
line, which contains one complete provirus and seven defective HTLV-1 genomes.
two distinct types of virions are released: the major “classic” type as described above
and “light”, containing chimeric Gag-pX protein p28, RT activity and the 3.4 kb RNA
transcript (Morozov and Weiss, 1999).
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Fig. 1. Electron microscopic photograph of HTLV-1 particles in the HUT102 cell line
(courtesy of M. Murovska). C-type retrovirus particles are indicated by arrows.

HTLV-1 life cycle

Major events in the viral replication cycle include adsorption and entry,
reverse transcription, nuclear transport and integration, viral gene expression, and
viral protein synthesis, processing, and assembly.

Efficient HTLV-1 entry into the host cell usually requires direct cell to cell
interaction, although successful in vitro infections with cell-free virus particles have
been documented in several cell lines (Clapham er al., 1983; Ho er al, 1984).
Although the cell to cell spread of viruses has been documented for many years, this
mode of viral propagation is less well understood than cell-free virus infection. In the
last year publications new term — “virological synapse” is invented. First detailed
description of such specialized virus induced cell to cell contact was published
recently for the HTLV-1 (Igakura et al, 2003; reviewed in Piguet and Sattentau,
2004).

After entry, reverse transcriptase within the viral capsid initiates the synthesis
of the viral DNA by utilizing the single-stranded viral RNA as a template (Trentin et
al., 1998). It is important to note that the mutation rate of HTLV-1 during reverse
transcription is about fourfold lower than that of another retrovirus HIV-1 (Mansky,
2000). The synthesized double-stranded proviral DNA is then transported into the
nucleus where integration of the proviral DNA into the host genome proceeds with

the assistance of viral integrase carried within the HTLV-1 virion (Bertola et al.,



2001). No specific HTLV-1 provirus insertion sites have been identified. HTLV-1
integration appears to take place randomly, preferentially in AT-rich transcriptionally
active DNA regions (Leclercq er al., 2000; Ozawa et al., 2004).

After integration, the viral life cycle proceeds into the second stage which
includes transcription of viral genes, translation of viral proteins, virion assembly, and
virion release. All of these processes require participation of cellular transcription,
translation, and transport machinery. as well as the assistance of a number of viral
proteins. The integrated provirus can be passively spread to daughter cells following
host cell division and can remain latent for prolonged period of time. Following
cellular stimulation, the nature of which remains to be defined (Franchini ef al., 2003;
Dumais et al., 2003; Wycuff er al., 2004), the provirus enters an active replication
cycle which results in production of progeny virions. From the integrated provirus the
cell transcribes viral mRNAs. Single—spliced (4.2 kb) and double-spliced (2.1 kb)
subgenomic mRNAs and also the full-length (8.5 kb) viral genomic mRNA are
transported to the cytoplasm where in the early phase the spliced mRNAs and in the
late phase genomic RNAs are translated into viral proteins. The assembly of virions is
still not clearly understood. As seen from electron microscopic images, the assembly
of capsids with genomic RNA and budding are simultaneous. By budding through the
cell plasma membrane the immature virus particles acquire a lipid bilayer membrane
containing envelope glycoproteins. HTLV-1 Gag protein has a special PPPY and a
PTAP motif, which play important role in viral particle assembly and release (Le
Blanc et al., 2002; Heidecker et al., 2004). Typically, mature intracellular virions are
not observed; rather, the crescent-shaped patches on the cell membrane where
budding starts are the first visible forms. Final maturation steps in the newly released
immature viral particles include processing of assembled polyproteins by the viral
protease to yield fully infectious virions (Heidecker er al., 2002). In vitro HTLV-1
virions are not efficiently released into the cell culture media from the infected cells.
Also the low diversity found in HTLV-1 isolates could not be explained only by low
mutation rate during reverse transcription. These facts together with other data are
supporting the hypothesis that HTLV-1 replicates primarily as a provirus during
cellular division, rather than via reverse transcription. Until recently, it was believed
that HTLV-1 was largely latent also in vivo, as it is difficult to detect HTLV-1
mRNA, proteins or virions in a fresh blood. But the strong and chronically activated

T-cell response to the virus indicates that HTLV-1 proteins are expressed persistently.



Continuous expression of the viral antigens would not be possible since such cells
would be rejected by the host immune response. Therefore, it is reasonable to predict
that a certain level of viral antigens (particularly Tax) is transiently expressed in a
limited population of infected cells at one time and in another cell population at
another time (Yoshida, 2001).

Genome structure and encoded proteins

The HTLV-1 genome contains elements common to many retroviruses, as
well as genes unique to HTLV-1 (Fig. 2). The structural proteins, the virion-
associated enzymes, and envelope proteins are encoded by the gag (group-specific
antigens), pol (polymerase), and env (envelope) genes respectively, which are
common to all known retroviruses. After translation into polyprotein, Gag is
eventually cleaved into the 19 kDa matrix, 24 kDa capsid, and 15 kDa nucleocapsid
proteins (Ha ef al., 2002). HTLV-1 protease (responsible for generating mature Gag
products) is encoded by an open reading frame (ORF) that spans 3’end of gag to the
5’end of pol. HTLV-1 pol encodes enzymes that perform three distinct functions:
reverse transcription, proviral DNA integration, and RNaseH digestion of RNA-DNA
duplexes (Trentin ez al., 1998). The env gene encodes the 61-69 kDa viral membrane
protein which after the series of posttranslational modifications forms a 21 kDa
transmembrane protein and a 46 kDa membrane surface glycoprotein (Delamarre et

al., 1997).
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Fig. 2. Genomic structure of HTLV-1 proviral DNA (modified from Yao and
Wigdahl, 2001). The viral mRNAs and the corresponding viral proteins are also
shown. Dashed lines represent introns in the viral mRNAs.

The structural proteins, the virion-associated enzymes, and envelope proteins, are
encoded by the gag (group-specific antigens), pol (polymerase), and env (envelope)
genes respectively, which are common to all known retroviruses. The HTLV-1
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genome is flanked at each end by long terminal repeat, LTR. Each LTR is composed
of U3 (unique 3°). R (repeated) and U5 (unique 57) regions. LTR is important in
regulating proviral gene expression as well as mRNA termination and
polyadenilation. The U3 region contains three 21 basepair repeats which are
responsible for Tax-mediated trans-activation of viral transcription. NT is a non-
translated region. Two important viral regulatory proteins, Tax and Rex, are encoded
by the pX region. Both are translated from doubly-spliced subgenomic mRNAs and
are essential for the viral life cycle. The functions of other regulatory proteins (p12,
p13", p30", not shown here), encoded by pX region are not clearly understood yet.

In addition to the structural gag, po/ and env genes, HTLV genome has the
unique regulatory region pX between the env gene and the 3° long terminal repeat
(LTR) region. The pX region comprises at least four ORFs: X-I, X-II, X-III and X-IV
(Princler er al., 2003). Two important viral regulatory proteins, Tax and Rex, are
encoded in the distal portion of this region. Both are translated from doubly-spliced
subgenomic mRNAs and are essential for the viral life cycle (Seiki et al., 1985).
While the 27 kDa protein Rex is primarily encoded by the X-III ORF, the 40 kDa
protein Tax is mainly encoded by the X-IV ORF. Rex (a nuclear phosphoprotein),
modulates viral gene expression at the posttranscriptional level (Hidaka et al., 1988).
It increases the expression of viral structural genes gag, pol and env and inhibits the
synthesis of Tax and Rex by promoting the nuclear export of nonspliced or singly
spliced viral mRNAs (Inoue et al., 1991). Tax is a viral transcriptional activator (also
a nuclear phosphoprotein) and can dramatically increase viral gene transcription
through interaction with the S’L'TR of the proviral genome. Tax can also interact with
multiple cellular transcription factors and signal molecules to exert pleiotropic
functions. In addition, a 21 kDa p21%* protein is encoded by ORF X-III and X-IV
(Berneman ef al., 1992). Although function of p21%** is not clear yet, limited studies
have suggested that it may act antagonistically with Rex (Kubota et al., 1996).

ORF X-I and X-1I can be transcribed into four different mRNAs by alternative
splicing. ORF X-I transcripts can be either singly or doubly spliced, however both
encode only one 12kDa protein - p12'. p12'is a weak oncogenic protein that localizes
to the endoplasmic reticulum and Golgi apparatus, it interacts with the interleukin 2
receptor (IL-2R) B and y. chains and activates signal transducer and activator of
transcription 5 (STATS5) mediated transcriptional activity, and subsequently T-cell

proliferation (Mulloy et al.. 1996; Bindhu er al., 2004). It also affects calcium release
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from the cells which in turn may activate nuclear factor of activated T-cells (NF-AT)-
dependent transcription (Ding et al., 2001).

Two protein species are derived from ORF X-II by two different mRNA
splicing events. While the singly spliced mRNA yields 13 kDa protein p13", the
doubly spliced mRNA encodes 30 kDa protein p30". A protein p13" has been shown
to localize in the nucleus and mitochondria and affects mitochondrian membrane
pbtential. Recent evidence demonstrated that p30" can regulate HTLV-1 replication
through binding to Tax and Rex mRNA and reducing protein expression (Nicot et al.,
2004; Younis et al., 2004).

Last, a protein of 31 kDa, HTLV-1 basic region zipper factor (HBZ), is
encoded by 3’end antisense RNA (Gaudray et al., 2002). HBZ forms heterodimers
with cyclic adenosine monophosphate responding element (CRE) binding protein 2
(CREB?2) and suppresses Tax- and CREB2-mediated transcription from the viral LTR
(Gaudray et al., 2002).

The sequences required for dimerisation of the 5’ leader of the HTLV-1 RNA
genome are located between the primer binding site (upstream) and the splice donor
site (Monie et al., 2004). The primary dimer initiation site of HTLV-1 has been
located to a 14 nucleotide palindrome containing sequence, and dimerisation is shown
to be dependent on specific sense-sense RNA interactions (Monie ef al., 2004)

LTRs. The HTLV-1 genome is flanked at each end by LTR. LTR is retroviral
regulatory system essential to virus reverse transcription, integration and
transcription. The two LTRs located at the 5° and the 3° ends of the provirus are
identical in nucleotide sequence but different in function. They function as
transcriptional initiator and terminator, respectively. Each LTR is composed of a U3
(unique 3°), R (repeated), and U5 (unique 5°) region. The U3 region is important in
regulating proviral gene expression as well as mRNA termination and
polyadenilation. A particular feature of the HTLV U3 region is that TATA box, which
determines the transcriptional initiation site, is located downstream of the
polyadenosine tail - poly (A) signal. This arrangement prevents premature termination
of the transcript in the 5° LTR. The functions of the R and U5 regions are not well
known. They may play a role in posttranscriptional control of gene expression. A
Rex-responsive element (RxRE) has been identified for HTLV-1 in the U3-R region
of 3’LTR. The RxRE can form a highly stable complex stem-loop RNA secondary

structure which is required for Rex responsiveness (Ballaun ef al., 1991). Independent
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of its importance for Rex functioning, the RXRE also plays a role in the 3” processing
of all viral transcripts (Bar-Shira er al., 1991).

LTR U3 region harbour three imperfect tandem 21-bp repeats which are
responsible for Tax-mediated trans-activation. collectively termed the Tax
Responsive Element 1 (TRE-1) — and a sequence located between the central 21-bp
repeat and the proximal repeat called Tax Responsive Element 2 (TRE-2) (Datta ef
al., 2000). The three 21-bp repeat transcriptional enhancers act in a position and
direction independent manner. Each 21-bp repeat contains three completely conserved
domains designated A, B, and C from distal end to proximal end (Yao and Wigdahl,
2001) (Fig. 3.). These three domains comprise 13 nucleotides of the 21 bp repeat.
Domain B contains the first five of eight bp (TGACGTCA) of the CRE [cyclic
adenosine monophosphate (cAMP) response element] sequence. and is sufficient for
the Tax-mediated trans-activation in combination with either domain A or domain C.
At least two copies of 21-bp repeat sequences are required for significant
transactivation by Tax (Yao and Wigdahl, 2001). Electrophoretic mobility shift
analysis have shown that the DNA-protein complexes common to each 21-bp repeat
consist of activating transcription factor/CRE binding proteins (ATF/CREB) family
members - CREB, CREB modulator (CREM) protein, Tax responding element
binding protein TREB5, ATF-1, ATF-2, ATF-4 or CREB2, whereas DNA—protein
complexes unique to the promoter proximal repeat involved Spl and Sp3 transcription
factors (Lundblad er al.. 1998; Gachon er al., 1998; Datta et al., 2000). In addition,
AP-1 transcription factor components c-Fos and c-Jun derived from either the U-373
MG glioblastoma cell line or the monocytic cell line specifically bind the promoter
central repeat (Wessner and Wigdahl, 1997). Barnhart and co-authors (Barnhart er al..
1997) have clearly demonstrated competitive binding of Spl and CREB to the
promoter proximal repeat. TREBS (hXBP-1) protein is a transcription factor that also
recognizes the CRE-like element in enhancers of HTLV-1 and MHC II gene and
activates their transcription (Matsuzaki ef al., 1995). However. assembly of 21-bp-
repeat —CREB-Tax complex itself may not be sufficient to initiate transcription.
Additional cellular transcriptional factors which interact with the C-terminal trans-
activation domain of Tax are required for transcriptional activation. Youn and
coauthors showed that a cellular factor TAXREBS803 (serum response-related protein)
enhanced both - the Tax dependent transcription and the CREB binding to TRE in

cooperation with Tax (Youn et al. 2003).
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Fig. 3. HTLV-I LTR structure. The viral LTRs are located at the both ends of the viral
genome. Viral transcription is regulated by the sequence within the U3 region of the 5'
LTR. Three 21-bp Tax-responsive elements, which are collectively referred to as Tax-
responsive element 1 (TRE-1), are positioned within U3 region of the LTR at
positions -251 to -231, -203 to -183, and -103 to -83 relative to the start of
transcription. In addition, a second Tax-responsive element 2 (TRE-2) is located
between the promoter proximal repeat and the promoter central repeat. The nucleotide
sequences of the three 21-bp repeats as well as ATF/CREB and potential Spl binding
sites are also illustrated (Yao and Wigdahl, 2001).



The viral oncoprotein - Tax

The virally encoded oncoprotein Tax has been implicated in HTLV-1-
mediated cellular transformation. The exact mechanism by which this protein
contributes to the oncogenic process still remains to be clarified. Generally, viral
oncogenes are not required for their replication; however Tax is essential for gene
expression and replication of HTLV-1. Also in case of some other oncogenic viruses
viral encoded proteins, such as T antigen of SV40 virus and poliomavirus, E1A
protein of adenoviruses, and E6/E7 proteins of papillomaviruses, are required for viral
replication and modify cellular regulation through multiple mechanisms (Helt and
Galloway, 2003; Duensing and Miinger, 2003; Al Moustafa et al., 2004).

Tax is 40 kDa phosphoprotein mainly localized in the nucleus and originally
identified as a transactivator of viral gene expression responding to the 21-bp
enhancer in the LTR (Suzuki ef al., 1993). To activate the viral LTR, Tax requires at
least two copies of the 21-bp enhancer containing an imperfect CRE to which binds
CREB/ATF family of transcription factors (Shimotohno er al., 1986). The interaction
of Tax with CREB and the CRE in the LTR results in a CRE-CREB-Tax ternary
complex (Tie et al., 1996). The mechanisms by which the HTLV-1 LTR is
transactivated by Tax are not yet fully appreciated. It has been a long held position
that Tax does not bind to the viral DNA directly but, rather it exerts its effect by
specific interactions with cellular intermediaries. However, recent evidence suggests
that Tax does directly interact with the enhancer GC-rich DNA motifs (Lundblad er
al.,, 1998). Tax and cellular transcription factors compete for the co-activators - CREB
binding protein and p300 (CBP/p300), and their expression levels and affinity to
CBP/p300 affect the efficiency of transcription (Georges et al., 2003).

The related proteins CBP and p300 are transcriptional co-activators that act
with other factors to regulate gene expression and play roles in many cell-
differentiation and signal transduction pathways (Kawasaki er al, 1998). Both
proteins have intrinsic histoneacetyltransferase activity and may act directly on
chromatin, of which histones are a component, to facilitate transcription (Kawasaki et
al., 1998).

Tax exerts: a) trans-activation and —repression of transcription of different sets
of cellular genes through binding to groups of transcription factors and co-activators
(Ballard er al., 1988; Fujii et al., 1994; Armstrong et al., 1993), b) dysregulation of
cell cycle through binding to inhibitors of cyclin-dependent kinases 4 and 6
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(CDK4/6): p16™** p15™%** and interaction with the human orthologue of mitotic
arrest deficiency protein 1 (MAD-1), designated also as Tax binding protein 181
(TXBP181) (Jin et al, 1998; Schmitt et al., 1998; Suzuki et al., 1996) and c)
inhibition of some tumor suppressor proteins (p53) (Pise-Masison et al., 2000). The
target molecules are CREB, CREM, NF-kB (nuclear factor kB), IxB (inhibitor of NF-
k¥B), SRF (serum response factor) and CBP/p300 (activation of genes); E47, p53 and
CBP/p300 (repression), pl6™E* p15™Kb 118K MAD-1 (cell cycle promotion)
(Jeang et al., 2004; reviewed in Yoshida, 2001 and in Marriott et al., 2002).

Transcriptional activation is basically achieved by two independent
mechanisms: the first is through direct binding of Tax to transcription factors such as
CREB, NF-«B and SRF in the nucleus and, the second is specific to activation of NF-
kB in the cytoplasm. The first is a general mechanism for three different enhancers
and explains well how Tax is able to respond to structurally unrelated enhancers. The
second is the inhibition or destabilization of inhibitors of transcription factors such as
IkB in cytoplasm, which results in promoting of NF-xB transport to the nucleus. Tax
directly interacts with NF-kB family members (NF-kB1 p50, NF-kB2 p52, NF-xB
p65) and acts cooperatively with NF-xB p65 or c-Rel to augment the expression of
the promoters containing NF-xB binding sites (Bex et al., 1997; Robek and Ratner,
1999). Therefore, Tax can modulate NF-xB through a number of distinct processes
leading to activation of gene expression.

Tax enhances gene expression also via direct interaction with SRF and
promoters containing a serum responsive element (SRE). When Tax is present the
transcription of the promoters containing a SRE site [e. g. the c-fos, the fos related
antigen 1 (fra-1), the early growth response gene I and 2 (egrl and egr2) oncogenes]
can be activated without mitogenic signals (Fujii et a/, 1994).

Another less studied aspect of Tax is its stimulation of AP-1 transcriptional
activity, which is very important for T-cells because AP-1 is one of several
transcription factors involved in activation of IL-2 promoter (Mori et al., 2000).

NF-xB pathway is a central regulatory pathway for the growth and survival of
T-cells. Tax has been shown to transcriptionally activate the promoters of IL-2 and
IL2Ra chain through NF-xB pathway (Maruyama et al., 1987). Similarly,
transcription of IL-15 and the IL-15Ra chain is increased by Tax through NF-xB
(Azimi et al., 1998; Mariner ef al., 2001). Tax also activates I1L-12, IL-4, IL-6, IL-8
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and IL-10 through NF-xB pathway (Li-Weber et al., 2001; Mori et al., 1998,; Mori et
al., 1998,); Yamashita er al., 1994). The number of cytokines and receptors
transcriptionally activated by Tax is likely to increase over time.

Through repression of DNA polymerase B Tax influence cellular base excision
repair and through activation of expression of proliferating cell nuclear antigen PCNA
— Tax affect nucleotide excision repair (Jeang et al., 1990; Kao et al., 1999; Lemoine
et al., 2000). The hypothesized mechanism of transrepression is direct competition by
Tax for E-box binding protein E47 recruitment of CBP-p300 (Suzuki ef al, 1999).
The E-box motif is present in the promoter region of B-polymerase gene, thyrosine
kinase Lck, p53 and p18™K4 Recent data suggest that Tax represses the expression
of human telomerase (hTert) (Gabet ez al., 2003). Tax has also recently been shown to
repress expression of transforming growth factor B 1 (TGF-B1) (Arnulf ez al., 2002).
This finding may have important implications in HTLV-1 pathogenesis since TGF-f3
is a potent inhibitor of T-cell proliferation and cytotoxicity.

Tax may enhance, through the NF-xB pathway, the activity of a kinase that
phosphorylates p53 on serine residues 15 and 392, which in turn may impair p53
interaction with the transcription factor IID (TFIID). Another possibility for p53
inactivation is direct competition between Tax and p53 recruitment of coactivators
CBP/p300, perhaps in cells where CBP/p300 is limiting in amount (Pise-Masison et
al., 2000). Stabilization of p53 is associated with failure of HTLV-1-infected cells to
arrest in G1 phase of cell division after DNA damage. Promotion of G1/S transition
may prevent cells from pausing and repairing DNA.

The combined effects of Tax on base excision repair, nucleotide excision
repair, DNA end stability, telomerase, and cell cycle progression create a setting in
which repair of mistakes is compromised. These combined dysregulation might
explain the observed 2.8 fold increase in genomic mutation frequency in HTLV-1
infected cells (Miyake et al., 1999).

Tax now appears to interact with many cellular proteins, and certainly, more
will be found. For instance. 32 proteins associated with Tax were identified by Wu
and coworkers (Wu ef al.. 2004). Many of these proteins belong to the signal
transduction and cytoskeleton pathways and transcription/chromatin remodeling (Wu

et al.,2004).



A surprising aspect is that a single protein, Tax, is able to affect so many
targets, mostly directed to cell proliferation. It could be speculated that Tax may
mimic a few possible molecules that coordinate divergent and redundant regulatory
machinery for cell proliferation and differentiation. In summary, most of the
pleiotropic functions of Tax protein cooperate in promoting cell proliferation,
accumulation of DNA damage, and avoiding apoptosis of abnormal cells infected
with HTLV-1.

Target cell and receptor

HTLV-1 preferentially targets and transforms CD4" T-lymphocytes (Collins et
al., 1996). Also B cells and cells of monocytic/macrophage lineage was found to be
infected in vivo, nevertheless CD4" appear to be the most permissive cells for both
viral replication and transformation (Koyanagi et al., 1993). HTLV-1-infected
monocytes/macrophages may contribute to the persistent infection in tissues,
including central nervous system (CNS) and joints. CNS contains other cells of
monocyte/macrophage lineage, e. g. microglial cells, which are not derived from
circulating monocytes and could be also infected by HTLV-1. The role of HTLV-1
positive B cells is unknown. Studies with vesicular stomatitis virus (VSV) and
defective HIV pseudotypes bearing the envelope glycoproteins of HTLV-1 showed
that there is a broad range of cells susceptible to pseudotype infection (Hoshino ef al.,
1985; Sutton and Littman, 1996). Thus, the expression of HTLV receptors is not
restricted to lymphoid cells, because many cell types derived from diverse
mammalian species are permissive for HTLV-1 adsorption and penetration (Tatcno et
al, 1984; Yamamoto and Hinuma, 1985). HTLV-1 can infect a wide variety of cells
in vitro, also some non-lymphoid cell lines as human osteosarcoma cell line (Clapham
et al., 1983). Co-cultivation of HTLV-1 producing cells with a variety of human and
animal non-lymphoid cell types induces cell fusion, leading to the formation of large,
multinucleated cells - syncytia as a result of HTLV-1 expression and transmission
(Sagara et al, 1997). These data about broad cellular tropism of HTLV-1 are in
contrast with its preferential infection of CD4+ cells in vivo. Although HTLV-1 was
the first human retrovirus to be isolated and characterized, its study has been
hampered by poor viral infectivity as manifested by low cell-free and cell associated
virus titers. Several different approaches have been utilized to identify the receptor for
HTLV-1. Sommerfelt and co-workers generated a series of human-mouse somatic cell

hybrids and correlated susceptibility of these hybrids to VSV HTLV-1 pseudotype
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infection with the presence of particular human chromosome (Sommerfelt er al.,
1988). In this experiments, all hybrids which were susceptible to VSV HTLV-1
pseudotype infection contained human chromosome 17. Additional studies have
localized the gene which encodes the receptor to the long arm of chromosome 17, and
the gene product of approximately 30-31 kDa was identified as a cell surface receptor
for HTLV-1 (Gavalchin et al, 1995). Several other candidate antigens have
previously been suggested to be involved in HTLV-1 surface adhesion and syncytium
formation. They include HLA A2 (Clarke et al., 1983), IL-2R (Kohtz er al., 1988).
CD2 (Duc Dodon et al., 1989), membrane glycoprotein C33 (Fukudome et al., 1992),
an 80 kDa membrane glycoprotein (Agadjanyan et al., 1994), 71 kDa heat shock
cognate protein (Sagara et al., 1998). Recently Manel and co-workers reported that
the receptor binding domain of HTLV-1 envelope glycoproteins inhibit glucose
transport by interacting with GLUT-1, the ubiquitous vertebrate glucose transporter
encoded by short arm of human chromosome 1 and proposed it as the true receptor for
HTLV-1 (Manel et al., 2003).

HTLYV-1 associated diseases

HTLV-1 is associated with two distinct types of disease: the malignancy,
known as adult T-cell leukemia lymphoma (ATLL) and a range of chronic
inflammatory conditions including the CNS disease - HTLV-1 associated
myelopathy/tropical spastic paraparesis. HTLV-1 was the first human retrovirus
isolated and was shown to be the causative agent of ATLL (Poiesz et al., 1980;
Yoshida et al., 1984). Approximately 5 years after its discovery, epidemiological data
linked HTLV-1 infection with a chronic progressive disease of CNS termed HTLV-1
associated myelopathy in Japan (Osame et al.. 1986) and tropical spastic paraparesis
in the Caribbean (Gessain ef al., 1985). The two syndromes were determined to be the
same disease and were termed HAM/TSP (Gessain and Gout, 1992). HTLV-1 is
endemic in the southern region of Japan, the Caribbean, and the equatorial regions of
Africa and in South America (Osame er al., 1986; Gessain et al., 1986). It is estimated
that one to two million people are infected by HTLV-1 in Japan alone, where the virus
is endemic and, approximately 10 to 20 million people are HTLV-1 carriers
worldwide (Franchini. 1995). In Latvia seropositivity for the HTLV-1 among blood
donors is 0.3%. which is about ten times higher comparing to Western Europe
(Kukaine et al. 1993). HTLV-1 does not efficiently replicate in vivo and is

transmitted through infected T cells in breast milk (from mother to child). in semen
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(from male to female), and in blood (transfusion, intravenous drug users). The adult
HTLV-1 seroprevalence rate in some of endemic areas can be as high as 30%,
however only 1-5% develops HAM/TSP or ATLL, the remainder are asymptomatic
carriers (ACs) of the virus (Tajima er al., 1985). Why one group of HTLV-1
seropositive individuals develop a neurological disease, another - leukemia and the
majority remain clinically well, is unknown and an area of intense investigation.
Possible differences between the diseased and asymptomatic states currently under
study include analysis of virus strain (Daenke et al., 1990; Niewiesk et al., 1994;
Furukawa et al., 2000), human histocompatibility leukocyte antigen (HLA) (Jeffery et
al., 1999; Vine et al., 2002), viral load and immune function (reviewed in Bangham
2003). There are case reports of HAM/TSP developing within a few months of
transfusion with HTLV-1-infected blood, but cases of ATLL have not been reported
so soon after infection (Gout et al., 1990). Possibly, the route of infection determines
the provirus load and the risk of different HTLV-1-associated diseases. It has also
been suggested that infection by the oral route might lead to a degree of
immunological tolerance of HTLV-1. HTLV-1 is also associated with arthritis,
uveitis, infective dermatitis, polymiositis and other pathologies (Yodoi and Uchiyama,
1992). The list of diseases associated with the HTLV-1 has been more extended in the
past several years (for the review see Yao and Wigdahl, 2001).

HAM/TSP. HAM/TSP is a chronic neurodegenerative disorder whose
symptoms are primarily localized to functions associated with the lower spinal cord,
including spastic paraplegia of the lower extremities, loss of bladder control, and
sexual dysfunction. Pathology is mainly limited to the lower and middle thoracic
cords, where marked degeneration of the corticospinal tracts and demyelination are
evident, accompanied by perivascular mononuclear infiltrates consisting primarily of
CD4" T lymphocytes in early lesions, followed by the appearance of CD$" T
lymphocytes in older lesions (Levin and Jacobson, 1997). The incubation from time
of infection to onset of disease is typically from years to decades, but can be as short
as 18 weeks following blood transfusion with HTLV-1 contaminated blood (Gout et
al., 1990). The age of onset is usually 35 to 45 years, but can be as early as 12 years
of age. The disease is three times more prevalent in women than men (Levin and
Jacobson, 1997).

HAM/TSP is thought to be an autoimmune disease induced by activated T-

cells. Also the possibility that HTLV-1 specific antibodies can recognize a cellular
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antigen expressed by CNS cells is suggested and this molecular mimicry may play a
role in pathogenesis of HAM/TSP. Specifically, it is reported that HAM/TSP patients
developed antibodies that cross-react with heterogeneous nuclear ribonuclear protein
(hnRNP) Al highly expressed in neurons. Discovered cross-reaction of antibodies to
HTLV-1 Tax protein with hnRNP Al suggests molecular mimicry between the two
proteins (Kalume et al., 2004). A number of studies have described both cellular and
humoral immune responses in patients with HAM/TSP and compared these to HTLV-
1 asymptomatic individuals and normal HTLV-1 seronegative controls. HAM/TSP
patients have elevated antibodies titers to HTLV-1 in sera and cerebrospinal fluid
(CSF), they may have up to 50 times more HTLV-1 proviral DNA in PBL compared
to ACs (Bangham, 2003). Direct damage of HTLV-1 infected cells is unlikely to
contribute disease pathogenesis, because few (Lehky e al., 1995) if any (Hara et al.,
1994) resident CNS cells become infected with HTLV-1. Contrary, it is shown that
HTLV-1 specific T-cells themselves are more frequently infected with HTLV-1 than
are T cells specific to other antigens. This preferential infection is evident in both
CD4+ T-cells and CD8+ T-cells (Goon et al., 2004). It is proposed that tissue damage
is caused by the release of cytokines from highly activated T-cells that infiltrate the
CNS. HTLV-1 infected activated CD4+ T cells spontaneously secrete
proinflammatory, neurotoxic cytokines such as interferon gamma (IFN-y) and tumor
necrosis factor alpha (TNF-a) and high levels of these cytokines have been
demonstrated in the sera, CSF and spinal cord lesions of patients with HAM/TSP
(Umehara et al., 1994). It is found that the median frequency of HTLV-1-specific
IFN-y positive CD4+ T-cells is 25-fold greater in patients with HAM/TSP than in
ACs with a similar proviral load (Goon er al., 2002). Patients with HAM/TSP showed
significantly higher frequencies of activated Thl type HTLV-1 Env specific CD4+
lymphocytes compared to ACs (Goon et al., 2002).

Patients with HAM/TSP develop a CD8" HLA 1 restricted cytotoxic T
lymphocyte (CTL) response specific for immunodominant HTLV-1 peptides. The Tax
protein usually is immunodominant in the CTL response to HTLV-I1. although in
some individuals vigorous responses can also be detected with the other HTLV-1
proteins, especially Pol (Parker er al.. 1992; Ozden et al., 2004). One of the largest
single factors that accounts for the variation between individuals in the equilibrium

provirus load in healthy carriers of HTLV-1 is individual variation in the efficiency of
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the CTL response to the virus. An efficient CTL response, associated with a low
provirus load, is characterized by strong mRNA expression of granzymes and other
CTL lysis related genes (Bangham 2003, Vine et al., 2004), and rapid killing of
HTLV-1 infected lymphocytes. The molecular basis for this high CTL-responsiveness
to HTLV-1 is unknown, although it is associated with certain class 1 HLA alleles
(A*02, Cw*08) in southern Japan. It is shown that in southern Japan a higher risk of
HAM/TSP is associated with following host genotype polymorphisms for HLA
antigen, TNF-a promoter and the SDF-1 chemokine gene: HLA-A2-, HLA-Cw8-,
HLA-DRI1+, TNF-a-863A+, SDF-1 801A- and with infection with HTLV-1 subgroup
A (Furukawa er al., 2000; Vine et al., 2002). Thus, although the frequency of HTLV-
1 specific CD8+ cells is lower in subjects with a low provirus load (the median
frequency of specific CD8+ cells is 2- to 4-fold greater in patients with HAM/TSP
than in carriers with an equivalent provirus load), such individuals express higher
total levels of mRNAs of lysis-related genes in their circulatory CD8+ cells than do
individuals with a high provirus load. These observations therefore strongly support
the idea that variation in CTL efficiency accounts for variation in provirus load.
Abundant, chronically activated CD8" T-cell response would be expected to exert
significant selection pressure on the virus. It was found that naturally occurring
sequence variants of Tax escape recognition by fresh autologous CTLs (Niewiesk et
al., 1995). However, recombinant Tax proteins that contained these putative CTL
escape mutations were highly defective in their transactivating activity (Niewiesk ez
al., 1995).

Dendritic cells (DCs) are the most potent antigen presenting cells and so can
stimulate not only naive CD4+ T-cells but also CD8+ T-cells. It is suggested that
HTLV-1 infected DCs could also be implicated in the disease pathogenesis and could
play a role in the production of autoreactive T-cells in HAM/TSP patients (Makino et
al., 1999).

ATLL. Adult T-cell leukaemia-lymphoma is defined as a peripheral CD4+/
CD25+ T-cell neoplasm caused by HTLV-1, which is believed to be a neoplasm of
lymph-node cell origin (Yamada and Tomonaga, 2003). After infection with HTLV-1,
which is mostly transmitted by breast feeding, there is a long latent period as HTLV-1
carrier until overt ATLL develops. The median age of patients is 57-60 in Japan, and

the proportion of patients younger than 40 is less than 10%; patients in the Caribbean,
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one of the other endemic areas, are much younger than Japanese patients (Yamada
and Tomonaga, 2003). The grade of aggressiveness differs greatly among patients;
some survive for more than 10 years without chemotherapy but others die within
several months even though intensive chemotherapy has been applied. Most patients
with aggressive ATLL do not have a prodromal phase and develop ATLL suddenly,
but some patients have a history of indolent ATLL, and it gradually turns to a more
aggressive form. ATLL was subclassified into four subtypes: acute type and
lymphoma type as an aggressive form. and chronic type and smoldering type as an
indolent form (Kawano et al, 1985; Shimoyama 1991). The clinical symptoms are
heterogenous. It is often associated with lymphadenopathy, infiltrative skin lesions,
hepatosplenomegaly, hypercalcaemia, bone marrow infiltration, and lytic bone lesions
(Yamada et al., 1997). Patients are usually in a severely immune-suppressed condition
and susceptible to opportunistic infections. Characteristic, the so-called flower cells
with multilobulated nuclei are observed in blood smears of ATLL patients (Uchiyama
etal., 1977).

Initially, the transformed cells show a polyclonal pattern of HTLV-1
integration. During intermediate states toward ATLL, the integration pattern of the
provirus changes to oligoclonal and finally monoclonal by a predominant growth of
some infected cells and subsequently followed by an uncontrolled clonal proliferation
of these T cells carrying a single copy of integrated virus (Takemoto et al., 1994). The
monoclonal integration of the provirus is a typical character of the transformed
leukaemic cells contrary to oligoclonal pattern of HTLV-1 integration observed in
HAM/TSP (Yoshida et al., 1994). Clonal expansion of cells carrying the provirus
occurs likely after antigenic stimulation.

It has been proposed that the HTLV-1 regulatory Tax protein may have an
important role in the transformation process. However, only low levels of rax mRNA
could be detected in vivo from ATLL patients by polymerase chain reaction (PCR),
suggesting that tax gene expression is critical for the initiation of transformation but
not essential for maintaining the growth of tumour cells (Takeda er al.. 2004). Tax
expression during repeated T-cell division and clonal expansion by shortening G1/S
cell cycle progression interferes with DNA repair and may favor the genetic
instability and accumulation of genetic defects in clonally expanded T—cells. These
cells may not express viral proteins and may have acquired genetic lesions that

recapitulate, for example, the effect of Tax on NF-xB transcriptional pathway. cell
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cycle and apoptosis. In the late stage of infection., acquisition of stable somatic
mutations may favor selection of deleted/mutated provirus which decreases risk of
elimination by the immune system. One of these clones will outgrow the others and
cause ATLL in the host.

Both NF-xB and AP-1 transcription factors are constitutively active in ATLL
cells (Mori et al., 2000). pl6™*** and p15™**® often are deleted or methylated in
ATLL cells, and this circumstance is associated with progression of ATLL (Trovato
et al., 2000). Similarly, alteration of the retinoblastoma Rb gene has been reported in
ATLL (Hatta et al., 1997). The p53 gene is mutated in approximately 30% of ATLL
cases and is stabilized and functionally impaired in ATLL cells (Sakashita et al.,
1992; Takemoto et al., 2000). Genes that regulates survival of cells (e. g. Bcl-xL,

survivin, an inhibitor of apoptosis protein family member, p21%¥AF!/c/"!

) are elevated
in ex vivo samples from ATLL patients, even in the absence of demonstrable Tax
expression (Kawata et al., 2003; Nicot et al., 2000). Constitutive activation of one of
the STATS proteins has been associated with active DNA synthesis (S phase) and
G2/M transition in ATLL cells (Takemoto et al., 1997). Noteworthy, that ATLL cells
are resistant to chemotherapeutic agents. Such chemo-resistance of ATLL cells may
be partly explained by the fact that ATLL cells express products of the multidrug-
resistance protein gene MRP (Su et al., 1991).

Current treatments of ATLL fail to induce long-term remission, and even the

clinically less aggressive forms of ATLL are fatal. Also no effective means to prevent

the development of ATLL has been found.



THERAPEUTIC NUCLEIC ACIDS AND THE MECHANISMS OF THEIR
ACTION

Antisense nucleic acids

The discovery of gene silencing by antisense RNA in bacterium Escherichia
coli (Light and Molin, 1983; Mizuno et al., 1983), found also in vertebrates (Robb et
al., 2004), has improved our knowledge and understanding of regulation of gene
expression. This natural phenomenon offered a unique opportunity to artificial
manipulation of gene expression and became a powerful genetic tool used by
researchers.

Two strands of nucleic acids can form a non-covalently bound duplex as a
result of Watson-Crick base pairing, where adenine can form a hydrogen bond with
thymine/uracyl, while cytosine can bond with guanine. In the case of DNA, one strand
serves to store the genetic code and is called the sense strand, while the other provides
the complementary supporting strand and is known as the antisense strand. RNA is
generally copied from the antisense strand and has the same sequence as the DNA
sense strand.

The following main mechanisms of action have been reported for the antisense
nucleic acids: 1) oligonucleotides (ODNs), designed in antisense orientation,
hybridize to their target mRNA in a strict basepair specific manner (Watson — Crick
base pairing) and thus block the translation; 2) in case of antisense RNA, the effects
of double stranded (ds) RNA could be involved in protection mechanisms
additionally. Short 21-23 nt dsSRNA produced by cellular RNase III like enzyme —
Dicer from longer RNA duplexes, known as small interfering RNAs, employed
cellular mechanisms of RNA silencing (see RNA interference). Longer dsRNAs,
frequently expressed in cells infected by viruses, activates mechanisms that efficiently
kill the infected cells, thereby preventing spread of the virus (induction of interferon)
(Friedrich et al., 2004); 3) ODNs can bind to the genomic DNA in the nucleus and
thus block the transcription (Hoogsteen-type base triplets). Another, unspecific
mechanism of the action is the binding of the oligonucleotide to a target protein that
has been referred to as antisense aptamer-binding (Lavrovsky et al., 1997). So.
inhibition can take place on different levels (transcription, translation).

Mainly two types of as-nucleic acids are used: ODNs and asRNAs. As-ODNs
are short (15-25 basepairs) single stranded DNA molecules complementary to the

target mRNA or DNA sequence, which are administered exogenously into a cell. As-
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RNAs usually are produced intracellularly from an expression vector, which could be
introduced into a cell by different approaches (Mahato et. al.,1997).

A major concern with the use of as-ODNs has been their stability in tissue
culture medium and, ultimately, in the living host. Such short nucleic acids (due to
constraints in permeability of a cell membrane for big molecules) are susceptible to
nuclease degradation, when are administered into an organism. Modifications in the
base, sugar, and phosphate moieties of oligonucleotides have been reported to
stabilize the molecules (e. g. phosphorothioates, morpholino) (Summerton et al.,
1997).

RNA interference

The term RNA interference (RNAi) describes the use of dsRNA to target
specific mRNAs for degradation, thereby silencing their expression. RNAI is one
manifestation of a broad class of RNA silencing phenomena that are found in plants,
animals and fungi. The discovery of RNAi has changed understanding how cells
guard their genomes, led to the development of new strategies for blocking gene
function, and may yet yield RNA-based drugs to treat human disease. RNAi-like
phenomena are found throughout eukaryotes, suggesting that the RNAi machinery is
quite ancient, having evolved prior to the divergence of animals, plants, and fungi. In
both plants and animals, one key function of the RNAi pathway is to maintain
integrity of the genome by suppressing the mobilization of transposons and the
accumulation of repetitive DNA in the germline. A growing body of data suggests
that the RNAI, in whole or part, serves to regulate expression of endogenous genes
(reviewed in Zamore, 2001). In higher plants RNAi plays also the antiviral function
and forms the basis of a highly elaborate immune system (Lecellier and Voinnet,
2004). But it remains unclear if RNA silencing plays a defensive role against viral
infection in higher vertebrates. Understanding the interactions of the RNAi machinery
with viruses in animals will be essential in the quest to develop small interfering RNA
(siRNA)-based therapies for human disease (Joost Haasnoot et al., 2003).

RNAI is initiated by the RNase IlI-like nuclease Dicer, which promotes
cleavage of long dsRNAs into 21-23-nt short siRNAs with 2-nt 3’ overhangs.
Subsequently, the siRNAs are incorporated into an RNA-induced silencing complex
and the protein-RNA effector nuclease complex recognizes and destroys the target
mRNAs. In worms and flies. only a few molecules of dsRNA per cell are required to

silence thousands of target mRNA molecules (Martinez er al., 2002). The fact that
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synthetic siRNAs or purified siRNAs cleaved from long dsRNA can efficiently
mediate RNAI in vitro suggests that long dsSRNA are more effective because they are
more efficiently processed into siRNAs, perhaps because Dicer binding or cleavage is
highly cooperative. However, the use of dsRNAs longer than 30 bp in mammalian
cells appeared to be of limited utility, because of triggering interferon responses
through the activation of dsSRNA-dependent protein kinase and 2° ,5” —oligoadenilate
synthetase (Park et al., 2002).

Ribozymes

Behind mentioned antisense approaches, catalytic RNA molecules. called
ribozymes are being assessed as potential antiviral agents. The leading study was
conducted by Thomas Cech on ciliated protozoan Tetrahymena Thermophila group 1
introns in 1980s, which showed that RNA can participate in the intramolecular
catalysis of the self-splicing and acts as protein enzyme (Cech er al., 1983). Five
classes of ribozymes have been described based on their unique characters in the
sequences as well as three-dimensional structures. They are denoted as the
Tetrahymena group I intron, RNase P, the hammerhead ribozyme, the hairpin
ribozyme and the hepatitis delta virus ribozyme (Lavrovsky ef al., 1997; James and
Gibson, 1998). They may catalyse self-cleavage (intramolecular or “in-cis™ catalysis)
as well as the cleavage of external substrates (intermolecular or “in-frans™ catalysis).
Ribozymes can cleave other RNAs and after destroying one target molecule, can
move to the next, thus offering the potential benefit of cycling (Whittton, 1994). The
antisense sections of ribozyme RNA allow specific targeting and a catalytic domain
cleavage of the desired target mRNA. Thus, ribozymes combine enzymatic processes
with the specificity of antisense base pairing (James and Gibson, 1998). For gene
therapy the hammerhead, the hairpine and RNase P type ribozymes are used.
Ribozymes can be delivered to cells as preformed ribozymes (exogenous delivery) or
as ribozyme genes, a method of endogenous delivery.

Transcription factor decoy

A successful nucleic acid based approach has been the use of nucleic acid
molecules with high affinities to a target transcription factor which could be
introduced into cells as decoy cis-elements to bind these factors and alter gene
expression. The competition for gene enhancer sequences recognized by cellular
transcription factors: the decoy oligonucleotide technology, offers great promise as a

tool for defining cellular regulatory processes and for treating cancer, viral diseases

(8]
[a—



and other pathological conditions. Different decoy nucleotides targeting such
transcription factors as CREB/ATF family, NF-xB and E2F were designed and
successfully applied by researchers to inhibit growth of cancer cells (Cho et al., 2002;
Cho-Chung, 2003, Morishita et al., 2004, Ahn ef al., 2003). The decoy approach has
been used also for the inhibition of human retrovirus HIV-1. A number of reports
describe the use of RNA molecules containing TAR sequence recognized by HIV-1
transactivator protein Tat in control of the viral replication (Michienzy et al., 2002,
Ding et al, 2002).
CONSTRUCTION OF THERAPEUTIC NUCLEIC ACIDS’ EXPRESSION
VECTORS

Choice of a promoter

A long-termed approach is to clone as-sequence into a mammalian expression
vector, with the intent to control expression of the as-sequence or ribozyme. A large
excess of asRNA molecules over target RNAs is important for effective inhibition of
virus replication. To achieve this goal, the as-gene should be inserted into an
expression vector behind an appropriate promoter sequence. A promoter is a
regulatory sequence of DNA that is located upstream of a gene and to which proteins
(transcription factors and RNA polymerase) bind to initiate the synthesis of mRNA
and subsequently protein. Appropriate promoter systems allow ensuring high levels of
as-gene expression in target tissue, required for effective antiviral action of asRNAs.
Therefore, the promoter choice is one of the crucial points in the construction of the
asRNA expression vectors.

Usually strong promoters, mostly derived from pathogenic viruses, are used to
drive the expression of asRNA genes (Shayakhmetov et al., 1997, James and Gibson,
1998). Two strategies are commonly used. First, the as-gene is inserted behind a
strong promoter for RNA polymerase II, which may be of viral origin or a strong
endogenous promoter (e. g. the actin gene promoter). One of the main advantages of
the RNA polymerase II promoter is the availability of a tissue-specific and inducible
promoter. Second, an alternative to RNA polymerase II is use of RNA polymerase III
promoter. The RNA polymerase III transcribes a variety of small nuclear and
cytoplasmic RNAs that are abundant in all cell types (e. g. tRNA). However, in their
present form, these type promoters can not be regulated, and its use in certain

applications is limited (Lavrovsky et al., 1997: James and Gibson, 1998).
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Strong viral promoters have been successfully used in mammalian cell
cultures in vitro where the inflammatory cytokines are not present. However, it has
been reported that the expression of sequences cloned behind some widely used
strong viral promoters (e. g. cytomegalovirus promoter) can be affected by cytokines
produced by immune system cells (INFy, TNF-o) in vivo (Gribaudo ef al., 1993).

The ideal asRNA constructs must provide expression of antiviral asRNA
genes only in those cells of the organism which could be infected by the virus, and
only when they are infected. The study of Shayakhmetov and co-authors
demonstrated that these criteria can be achieved, at least partially, by using the own
promoter of the virus to drive the asRNA gene (Shayakhmetov et al., 1997). Authors
showed a 75% inhibition of bovine leukemia virus (BLV) replication by asRNA
targeted to the BLV LTR RUS region driven by the BLV U3 promoter. This strategy
was also applied successfully for HTLV-1. It was demonstrated that HTLV-1 LTR
driven antisense c-myc construct suppressed c-myc expression and inhibited the
growth of HTLV-1-infected and transformed cells of the human T-cell line HUT102
(Fyjita and Shiku, 1993).

Choice of the target

An important issue in creation of an antisense therapeutic molecule is to
address the as-nucleic acid to a proper virus target gene. As it is known, certain virus
sequences are highly conserved. Such “immutable™ sites would be difficult to target
as protein, but may be more accessible to antisense inhibition. In this case, the
emergence of antisense-resistant mutants is unlikely. In the case of animal virus BLV
which is closely related to HTLV-1, effective inhibition was demonstrated by using
as-RNAs targeted to virus pX and LTR RUS regions. A number of constructs were
obtained under a control of various promoters (HSV TK, SV40). The most effective
suppression of BLV replication was observed with asRNA against the RU5 region of
BLV LTR. A significant but less marked suppression of BLV was observed with
asRNA targeted to the BLV pX region (Murovska et al., 1992; Shayakhmetov et al..
1997). Peng and co-authors also showed that intracellular expression of HIV-1 sense
or antisense U3RUS5 sequences conferred long-term inhibition of HIV-1 replication,
despite continuous presence of viral challenge in the transduced Jurkat T-cells (Peng

etal, 1997).
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A promising candidate for HTLV-1 suppressive gene therapy is the Tax
protein, as it is an early transactivator of the expression of all HTLV-1 genes.
Therefore, the as-nucleic acids targeted to the tax gene and to the HTLV-1 LTR RUS
region are prospective targets for HTLV-1 suppressive therapy.

As LTR U3 region contains the Tax-responsive enhancer sequence (three 21
bp repeats), it would be of interest to study the antiviral activity of constructs, targeted
to the HTLV-1 rax gene and LTR U3 region sequences simultaneously. Also, in the
case of HTLV-1, one could expect that a mechanism other than antisense binding
could be involved additionally. Briefly, when a plasmid vector expressing asRNA to
the LTR U3 region is introduced into a cell, also the sense LTR U3 DNA sequence of
the introduced vector can compete with viral and cellular DNA sequences for the
virus transactivator Tax (Tax protein decoy). Such a possibility was assumed in the
work of Shayakhmetov and co-authors with BLV, when the inhibition of the virus has
been observed using a plasmid harbouring only the virus promoter LTR U3 sequence
as a control (without as-gene) (Shayakhmetov er al, 1997). Theoretically, this
strategy could be promising for more efficient inhibition of virus transcription and
Tax-mediated oncogenic and immunogenic effects.

MOLECULAR THERAPY OF HTLV-1 INFECTION

The use of the nucleic acid approach to inhibit HTLV-1 replication has been
described mostly in vitro, in cell cultures. There are only a few publications where it
was demonstrated in vivo.

Studies in vitro

Antisense oligodeoxynucleotides. Maeda and co-authors showed a 59%
inhibition of syncytium formation between HTLV-1 producing human T-cell line
C91/PL cells, and HTLV-1-uninfected human glioma cell line U251-MG cells, by
antisense oligonucleotides complementary to the region of initiation codon of tax
gene (Maeda et al., 1997). Also, the effects of ODNs, complementary to the first
splice junction, Rex-responsive site, gag, env, tax, rex, and p2l, on syncytium
formation, have been evaluated. Syncytium formation was significantly inhibited by
as-ODNs to env, tax, gag, p2l, and rex. with as-ODNs to env being the most
inhibitory. Antisense ODNs to env and rax also inhibited reverse transcriptase activity
(Maeda et al.. 1998).

It is important to note that the action of exogenuously introduced ODNs is

short-term. Therefore, ODNs must be introduced repeatedly many times. Such a
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strategy does not seem optimal for therapy of integrative viruses. Also, it is not known
how specifically these short nucleic acids will act in vivo. Nevertherless, this system
is valuable for primary screening of potentially active antisense sequences.

Antisense RNAs. Von Ruden and Gilboa in 1989 demonstrated that primary
human T-lymphoid cells could be made partially resistant to HTLV-1 via asRNA-
mediated inhibition. In that study, two segments of HTLV-1 were chosen as the
targets: (1) the sequence spanning 5’end of mRNA, harbouring cis-elements, essential
for viral gene expression (5°splice site) and virus replication (tRNA primer-binding
site), and (2) the pX region corresponding to the first kilobase of the rax gene. It was
shown that asRNA expression leads to significant, although not complete, inhibition
of HTLV-1 replication (Von Ruden and Gilboa, 1989).

Ribozymes. Antiviral activity of ribozymes, targeted to the HTLV-1 rax and
rex genes has also been reported. Hammerhead ribozyme targeted against HTLV-1
tax/rex mRNA was introduced into synovial cells obtained from patients with HTLV-
l-associated arthropathy and from patients with HTLV-1-negative rheumatoid
arthritis. The ablation of Tax expression as well as the ability of the cells to stop
proliferating and to undergo apoptosis were examined. Both transcription of rax
mRNA and Tax protein synthesis were inhibited significantly, resulting in inhibition
of synovial cell growth and induction of apoptosis (Kitajima er al, 1997a)
Intracellular activities of the ribozymes targeted to tax/rex mRNA were studied also in
HTLV-1 tax cDNA-transfected rat embryonic fibroblasts (Rat/Tax cells), which
expressed the Tax. Tax protein levels were decreased by about 95%, while Tax as-
ODN s reduced Tax expression by about 20% (Kitajima et al., 1997b).

siRNAs. Nomura and co-authors used siRNA against Tax in a rat HTLV-1-
infected T-cell line. The expression of siRNA targeting Tax successfully
downregulated Tax expression. Repression of Tax expression was associated with
resistance of the HTLV-1-infected T-cells to Tax-specific CTL killing. Furthermore.
T-cells with Tax downregulation appeared to lose the ability to develop tumors in T-
cell-deficient nude rats, in which the parental HTLV-1-infected cells induce ATLL-
like lymphoproliferative disease (Nomura et al., 2004).

CRE decoy. As HTLV-1 contains CRE consensus sequence in their LTR and it
is implicated in the viral pathogenesis it would be of interest to learn existing
information relevant to CRE element decoy. The CRE transcription factor complex

plays a critical role in response to hormonal signals for cell proliferation,
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differentiation and apoptosis. It functions in glucose homeostasis, growth-factor-
dependent cell survival and has been implicated in learning and memory (Mayr et al.,
2001). Many transcription factors bind to this element and regulate expression of a
wide variety of cellular and viral genes. CRE-binding factors have a definite role in T-
cell apoptosis: they are involved in cAMP protection of TCR-induced apoptosis
(Muller Igaz et al., 2002). It has been shown that CRE-transcription factor decoy
éligonucleotides inhibit CRE- and AP-1-directed gene transcription and promote
growth inhibition in vitro and in vivo in a broad spectrum of cancer cells, without
adversely affecting normal cell growth (Park et al., 1999; Cho-Chung, 2003). The
growth inhibition was accompanied by changes in cell morphology and apoptosis. It
was reported that CRE-decoy oligonucleotide treatment results in an increase in the
p53 protein level in MCF-7 human breast cancer cells that express wild-type p53. The
stabilization and activation of p53 may have contributed to the growth inhibition
induced by CRE-transcription factor decoy oligonucleotide in MCF-7 cells. The
p21WAF /Cip! protein levels were also increased accompanying a reduction in CDK2-
and cyclin E-dependent kinase activity and pRb phosphorylation (Lee et al., 2000). A
marked reduction in the expression of the regulatory and catalytic subunits of protein
kinase A by CRE —transcription factor decoy in ovarian cancer cells was also reported
(Alper et al, 2001).

Experiments in vivo
Very little has been research has been conducted so far with respect to investigation of
anti-HTLV-1 activity of asRNAs and ribozymes in animal model systems. The
existing animal models of HTLV-1 infection display different patterns of infection
and resulting pathologies; thus choice of the animal model depends on the pathology
studied. In 1992 Kitajima and co-authors reported about suppression of fibroblastic
tumors, developed in HTLV-1 Tax transgenic mice by as-ODNs to NF-kB
transcription factor (Kitajima et al., 1992). Treatment with ODNs to Tax showed
virtually complete suppression of Tax expression, but not regression of the tumors.

Another strategy for inhibition of HTLV-1-associated disease has been applied
by Murata and co-authors in 1997 on a rat tumor model (Murata er al., 1997). Cells of
HTLV-1 transformed Tax expressing rat T-cell line TARS-1 were transduced by a
retroviral vector carrying the herpes simplex virus thymidine kinase (HSV TK) gene
under the control of the LTR of HTLV-1 (LNLTK virus). The HSV TK gene is the

most commonly used suicide gene. Cells transduced with the HSV TK gene become
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sensitive to nucleoside analogs such as ganciclovir. Newborn rats were inoculated
subcutaneously with TARS-1 cells, which gave growth of tumor in rats. Dramatic
repression of tumor growth upon ganciclovir treatment was observed in the case of
TARS-1 cells transduced with LNLTK virus construct.

Due to many technical difficulties associated with the production of transgenic
animals, there are few reports of the anti-viral effects of asRNAs genes in transgenic
mammals. However, the results of these few studies indicate that asRNA-mediated
inhibition can effectively prevent viral infections in vivo. Kozireva and co-authors in
1996 have studied the sensitivity of rabbits to BLV infection, both in wild type and
transgenic animals, in the latter with the asRNA gene targeted at LTR RUS region of
BLYV. The obtained results indicated that the anti-BLV asRNA gene confers enhanced
resistance to BLV infection in transgenic rabbits compared to wild type animals
(Kozireva et al., 1996). Continuing this investigation, the authors found that the
expression level of asRNA in transgenic rabbits was not sufficient to abort infection
in rabbits (Murovska et al., 2001). Therefore, the investigation should be continued to
elucidate optimal targets and as-gene-expressing constructs that can inhibit effectively
the virus replication and prevent pathologies.

CONCLUSIONS AND FUTURE PROSPECTS

Data on inhibition of HTLV-1 and other retrovirus infections by using
antisense technology suggest that antisense nucleic acids and ribozymes can
effectively inhibit HTLV-1 replication in vitro. In previos studies with ODNs, the
most preferential target sequences for effective inhibition of the virus have been
determined. The next logical step is the design of vectors expressing as- and si-RNAs
and ribozymes, to create more specific and flexible nucleic acid therapeutic systems.
The use of specific vectors for direct delivery of genetic materials into certain cells
and tissues, and application of strong or inducible promoters to regulate the
expression of as-sequences, allow the development of new as-constructs for antiviral
protection. As the pathogenesis of HTLV-1 associated diseases is very complex, a
panel of antisense drugs targeted not only to the virus, but also to some virus-
activated cellular transcription factors and genes (e. g. NF-kB, c¢-myc, others) needs to
be established. With improvements in stability, delivery, and design therapeutic
nucleic acids, the nucleic acid approaches are certain to become one of the most

important tools in gene therapy.



MATERIALS AND METHODS

Cell cultures

The following cell lines were used in the study: Ra-1 — HTLV-1 Japanese
strain producing continuous lymphoid rabbit cell line; MT-2 - HTLV-1 Japanese
strain producing continuous human T-cell line; HOS TE85 — human caucasian
osteogenic sarcoma, monolayer epithelioid cell line. HelLa — human cervical
carcinoma continuous monolayer epithelioid cell line; Vero — African green monkey
kidney continuous epithelioid cell line.

HTLV-1-producing MT-2 human T-cell line (Miyoshi et al., 1979) and Ra-1
(Miyoshi et al., 1983) rabbit lymphoid cells were maintained in RPMI-1640 medium
(Gibco BRL, UK) supplemented with 10 % foetal bovine serum (FBS) (Gibco BRL,
UK), 2 mM L-glutamine and antibiotics and incubated at 37 °C in 5% CO..

HOS, HelLa and Vero monolayer cell lines were maintained in Dulbecco
modified Eagle’s medium (DMEM) supplemented with 10% heat inactivated FBS
(Gibco BRL, UK), 300 pg/ml L-glutamine and 50 pg/ml gentamycin. The cells were
reseeded 2-3 times a week at 2x10%/ml cells, using a mixture of trypsine-EDTA.

HTLV-1 infection of HOS cells. HTLV-1 infected cell line HOS was
established by co-cultivating HOS cells with HTLV-1 producing Ra-1 cells, which
were treated by mitomycin C (5 pg/ml) for 1 hour at 37 OC. Co-cultivation was carried
out using suspension of Ra-1 lymphocytes at concentration 1.5x10°cells/ml. The virus
infected HOS subline was designated as RaHOS.

Detection of HTLV-1 provirus integration

Polymerase chain reaction (PCR) analysis. Total DNA was isolated from up to 3x10°

cells by proteinase K digestion followed by standard phenol/chloroform extraction
(Sambrook et al., 1989). Quality of DNA was assessed by PCR using primers for
human B-globin gene (Vandamme e al., 1995) and only samples positive in this assay
were further processed.

1 pg of DNA was analyzed for the presence of HTLV-1 provirus by nested
PCR using primers targeted to HTLV-1 gag. env, tax genes and 5° LTR region. The
primer sequences and PCR conditions were described previously (Vandamme e al,
1997; Miyada et al., 1995; Liu et al., 1994; Liu et al., 1996).

DNA from the HTLV-I positive cell line Ra-1 was used as the positive control
and DNA from the HTLV-I free cell line HOS as the negative control. The products
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of DNA amplification were analyzed by electrophoresis on 1.9-% agarose gel
followed by ethidium bromide staining and visualization in UV light for the presence
of DNA bands of appropriate sizes. In further documentation and analysis of
amplified fragments Kodak Electrophoresis Documentation and Analysis System 290
(USA) was used.

Dot-hybridization. Total cellular DNA and RNA were isolated from the transfected

RaHOS cell culture clones by proteinase K digestion and by extraction with
guanidinethiocyanate, accordingly, followed by standard phenol/chloroform
extraction (Sambrook et al., 1989) and 5 pg of each nucleic acid sample was
immobilized on positively charged nylon membrane (Hybond-N+, Amersham
Pharmacia Biotech, Sweeden). Hybridization was carried out using Rapid-hyb buffer
(Amerscham Pharmacia Biotech, Sweden) and an [0-P] ATP labeled
oligonucleotide probe according to the manufacturer’s protocol and was followed by
autoradiography. 2ng of HTLV-1 proviral DNA excised from the plasmid pMT2 was
used as the positive control. The intensity of autoradiography sygnal comparing to the
sygnal of the positive control was analysed by the “LabWorks™ computer program
(Bio-Rad Laboratories). The radiolabeled probes were synthesized by PCR from the
plasmids pMHTs (to the U3 region) and pMP1100as (to the pX region) with the
addition of [a->*P] ATP into reaction mix.
Detection of the plasmid sequences in the transfected cells by PCR
The following primers were used:
to the MPSV promoter - MPO1 - 5°CCC AAG GAC CTG AAA TGA-CC 3’

MM2 - 5" TCT ATC GGA GGA CTG GCG CG 3°
to the HTLV-1 LTR U3 -  Ba2 - 5’GCTTAGAGCCTCTCAGTGAA 3’

MMI - 5’AGG ACG GCT TGA CAA ACATG 3’
to the HTLV-1 pX region- PX02 -5 AAA CAG TCC TCG GGT AGA AT 3’
to the P5Sneo and P3neo - P5s -5 CCG CGG CTA GAC CCG GGG ¥

P5as - 5°CCC ACT CGT GCA CCC 3.
The MPSV promoter sequence was detected using primers MPOl and MM2, the
length of the amplified fragment was 140 bp. To detect P4neo and P2 neo plasmid
sequences, the following combinations of the primers to MPSV promoter and viral
LTR U3 sequence were used: MPO1 and MM1 (P4neo) and MPO1 and BA2 (P2neo),

the length of amplified fragment was 370 bp. To detect P3neo and P5neo plasmid



sequences the primers P5s and P5as were used. The length of expected fragments was
312 bp (P3neo) and 538 bp (PS5neo). To detect pGHT sequences, commercially
available primers complementary to the RNA polymerases promoters of
bacteriophages T7 and SP6 - Forvard and Reverse were used (Promega, USA).
The reaction was performed in 50 pl of 50 mmol/L Tris-HCI, pH 9.0; 20 mmol/L
NH4$O4; 1.5 mmol/L. MgCl,; SOmmol/L of each deoxyribonucleotide triphosphate; 1
unit of Taq polymerase. PCR was carried out for 35 cycles (94 °C 30's, 57 °C 30 s,
and 72 °C 45 s). All primers and PCR reagents were purchased from MBI Fermentas,
Lithuania.

Detection of HTLV-1 expression and HTLV-1 LTR U3 asRNA expression
[solation of total cellular RNA and reverse transcriptase-polymerase chain reaction

(RT-PCR) analysis. Total RNA was extracted from up to 3x10° cells and from 1,000

fold concentrated by ultracentrifugation virus containing culture media of RaHOS
cells by using “RNeasy Total RNA Kit” (Qiagen, Germany). It was then treated with
DNase I (Sigma, USA) and subjected to RT-PCR. For the reverse transcription MBI
Fermentas, Lithuania reagents was used and it was performed in 20 pl volume
according to the manufacturer’s protocol. Reaction mixture contained RT buffer (50
mM TriseHCI pH 8.3 at 25 °C, 50mM KCI, 4mM DTT), 200 ng of RNA, random
hexamer primers (1uM), ribonuclease inhibitor (1U/ul) and M-MuLV (Moloney
Murine Leukemia Virus) reverse transcriptase (1U/ul). After reverse transcription at
37 °C for 1 hour. followed by 5 min at 99 °C and 5 min at 5 oc, samples were
subjected to amplification with the primers to the HTLV-1 gag and rax genes.

For the semi-quantitative RT-PCR analysis of viral RNA in control virus
producing RaHOS, MT-2 and Ra-1 cells and in their transfected sublines, total
cellular RNA was extracted using TRIzol reagent (Invitrogen, UK) according to
manufacturer’s protocol. After treatment with DNase I (Sigma, USA), 500 ng of the
RNA sample was subjected to reverse transcription using MBI Fermentas RT-PCR
reagents or, alternatively, RNA PCR Kit (AMV) Ver. 2.1 (Takara, Japan) in a 20 pl
reaction mixture volume according to the manufacturer’s protocol.

After reverse transcription, amplification of 2ul RT aliquote in 50 pl of 50
mmol/L Tris-HCI, pH 9.0; 20 mmol/L NH4SO4; 1.5 mmol/L MgCl,; 50mmol/L of
each deoxyribonucleotide triphosphate: 1 unit of Taq polymerase. was performed.

Primers  specific to HTLV-1 LTR U3 region BA2  (sense):

40



5’GCTTAGAGCCTCTCAGTGAA 3° (position 36-55) and MMI1 (antisense):
5’AGGACGGCTTGACAAACATG 3’ (position 249-231) were used at a final
concentration of 200 nmol/L. As the RT-PCR control, the primers for the human -
actin gene with the same amount of cDNA aliquote were used in parallel
amplification (Noppen et al., 1997). 25 cycles of amplification at 94°C for 30
seconds, 58°C for 30 seconds, and 72°C for 45 seconds, were performed.
Amplification products were separated in 1.5 % agarose and visualised with ethidium
bromide staining. For the detection of the HTLV-1 LTR U3 antisense sequence
expression the sense primer BA2 was used in the reverse transcription step. Dot-
hybridization of the total cellular RNA isolated from the transfected RaHOS cell
clones was performed as described earlier for the proviral integration analysis.
Northern blot hybridization analysis. Northern blot hybridization was performed using

DIG Northern Starter Kit (Roche, Germany). DIG labeled RNA probes were

synthesized using plasmid pGHT from its T7 and SP6 phages promoters by the
manufacturer’s protocol. Then total cellular RNA was isolated from MT-2 cells and
its transfected sublines with TRIzol reagent (Invitrogen, UK) and 1ug of each RNA
sample was subjected to electrophoresis in 1% formaldehyde denaturation gel
followed with overnight transfer to a positively charged nylon membrane (Hybond-
N+, Amersham Pharmacia Biotech, Sweden) as described in Sambrook ef al., 1989.
Overnight hybridization with HTLV-1 LTR U3 specific probe and B-actin specific
probe at 68 °C followed by autoradiography was performed accordingly
manufacturer’s instructions.

Detection of viral particles in cell culture supernatant

Concentration of virions from cell culture supernatant. RaHOS cells and its

transfected sublines were seeded at concentration 2x10° per ml, MT-2 and Ra-1 cells,
as well as their transfected sublines were seeded in concentration 1x10° cells per ml.
After 72 hours of cultivation cell culture supernatant was collected. After
centrifugation at 10,000 g for 20 minutes, 30 ml of cell-free supernatant was used for
ultracentrifugation. Ultracentrifugation was performed through sacharose cushion
(5ml of 20% sacharose in Hanks’ buffer) at 100,000 g for 4 hours. The sedimented
virus particles were resuspended in 15 pl of phosphate buffered saline (PBS) and 5 pul

aliquote was used in RT-PCR as it is described above.
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Quantitative HTLV-I/II p19 antigen ELISA. To assess the amount of HTLV-1

particles in cell culture supernatant, enzyme linked immunosorbent assay (ELISA)
was performed by using commercial HTLV-I/II p19 antigen ELISA kit (ZeptoMetrix
Corporation, USA) according to manufacturer’s protocol. RaHOS cells and obtained
transfected RaHOS cell culture clones were seeded on 24 well plate 2x10° cells per
well and cell culture media was collected after 48 hours of cultivation for the pl19
antigen ELISA analysis. After centrifugation at 12,000 g for 20 minutes, 20 times
diluted supernatant was used in ELISA assay. Ra-1 cells were seeded at concentration
3x10° per ml; MT-2 cells were seeded 1.5x10° cells per ml and then placed at +4 °C
for 8 hours for synchronization. After 72 hours of cultivation at 37 9C, the cell culture
media were collected and centrifuged at 12,000 g for 20 minutes and 50 times diluted
supernatant was used in ELISA analysis.

Indirect immunofluorescence assay (IFA)

Cells, growing on glass coverslips, were fixed with methanol at —20 OC for 20
min, air-dried and then incubated at 37 °C for 40 min with the primary antibodies
diluted in PBS. As the primary antibodies two sera of Japanese ATLL patients were
used. Two HTLV-1 negative sera from normal persons were used as negative control.
After incubation the cells were washed with cold PBS four times for 15 min and
incubated with the secondary fluorescein isothiocyanate-conjugated antibody diluted
in PBS. The secondary antibody was then removed by washing as described above.
As the secondary antibody a goat anti-human FITC labeled IgG were used.

Syncytia assay (SA)

The ability of the RaHOS cells to mediate the formation of multinuclear giant
cells — syncytia, was assessed by co-cultivation them with HeLa indicator cells. The
HeLa cells were seeded at a density 5x10* per ml into 35 mm Petri dish in DMEM
with 5% FCS. After over-night incubation at 37 °C in 5% CO, the HelLa cells were
co-cultivated with 5x10° RaHOS cells which were pretreated by mitomycin C (5
pg/ml) in DMEM + 10% FCS for 2 days. Then the cells were washed twice with PBS,
fixed in methanol for 15 min and stained by the Romanowsky-Giemsa technique.
Syncytia were counted per 5,000 cells .under the light microscope at x20
magnification. Only multinuclear cells, containing more than five nuclei were scored.

Inhibition of syncytia formation by anti-HTLV-I serum was done using sera from two
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Japanese patients with ATLL. Two sera from healthy blood donors were used as a
negative control.

Proliferative activity assay

Proliferative activity of HOS and RaHOS cells was estimated by incorporation
of *H-thymidine in DNA. Cells were seeded at concentration 1x10° per well in 24
well plates. After 24, 48, 72 and 96 hours of cultivation : H-thymidine (1.0 mCi/ml, 25
Ci/mmol -Amersham) was added (2 puCi/well) and cells were incubated for 1 hour at
37 °C, 5% CO, atmosphere. Then cells were collected by using trypsine-EDTA
solution and transferred to the Millipore filter (diameter of pores — 1.5 um). The
filters were washed 2 times with PBS and 3 times with 5 ml of 5% trichloroacetic acid
to precipitate DNA. The DNA was fixed by 1 ml of 96% ethanol and air dried at 37
°C. The incorporation of v H-thymidine was measured in a Packard liquid scintillation
counter.

Soft agar assay

1.000 and 10.000 viable single cells were suspended in 1 ml DMEM medium
containing 0.3% Noble agar (Difco) and 15% FBS and were placed in six well plates
over a base layer of DMEM medium, containing 0.6% Noble agar and 15% FCS in
double. Cells were incubated in 5% CO; atmosphere at 37 °C in humid box for two
weeks. Cultures were fed every 3 days, colonies larger than 0.1 mm was counted
(Freschney, 1994).

Cytogenetic analysis

After 48h of cultivation 1 ug/ml of colchicine (Sigma) was added to culture
liquid of RaHOS and HOS cells. The cells were incubated with colchicine at 37 °C in
5% CO2 incubator for 30 min. Then the cells were treated with trypsin-EDTA
solution, suspended in DMEM with 5% FBS, sedimented by centrifugation and
hypotonized with 1% sodium citrate for 30 min at 37 OC. The cells were fixed with a
mixture of methanol and glacial acetic acid (3:1), dripped onto slides and stained with
Giemsa (azure-eosin methylene blue in PBS) (Seabright, 1971).

Plasmids

pMPSVEH with cloned MPSV promoter (Artelt P. er al., 1988). pMHTs,
pMHTas with 226 bp fragment of HTLV-1 LTR U3 cloned into pMPSVEH vector
under MPSV promoter in sense and antisense orientations as well as pGHT

(pGEMSZf+ with cloned 226 bp HTLV-1 LTR U3 fragment), pMP1100as with



HTLV-1 tax gene fragment cloned into pMPSVEH vector under MPSV promoter in
antisense orientation and pCMV-B-Gal-SPORT and pEQ176 carrying f-
galactosidase gene under the control of immediate early CMV promoter, were kindly
provided by Alexei Borisenko (Moscow Research Institute for Viral Preparations,
Academy of Medical Sciences, Russia). Plasmids phrGFP-1 with gfp reporter gene
cassette and pKO Scrambler NTKV-1907 with neo selection gene cassette were
obtained from Stratagene (USA). Plasmids pGEMS5Zf+ and pBluescript KS™ were
obtained from Promega, USA. pHTLV-1 and pMT-2 with cloned complete HTLV-1
provirus was used to obtain HTLV-1 LTR U3 fragment for cloning.

Plasmid isolation and construction

The DH-5a and XL-1 blue E. coli strains were used. Isolation and further
purification of plasmid DNA in CsCl gradient were performed as described in
Sambrook et al., 1989; and alternatively by using Qiafilter Midi kit (Qiagene,
Germany) according to the manufacturer’s protocol. The Asep/Azgo ratio of the
isolated plasmid DNA was in the 1.8-2.0 range. All enzymes were purchased from
MBI Fermentas (Lithuania) and used according to manufacturer’s instructions. The
isolation of DNA fragments from the low melting temperature agarose (Sigma, USA)
was performed as described by Sambrook et al. (1989).

Transfection

Transfection of RaHOS cells by the calcium phosphate co-precipitation
method was performed using standard protocol, as described in Graham and Van der
Eb, 1973.

Transfection with the ExGen 500 transfection reagent - 22 kDa linear
polyethylenimine (PEI) (MBI Fermentas, Lithuania) was performed according to
manufacturer’s protocol. Briefly, cells grown in 24-well plate were transfected with 2
pg plasmid DNA mix with 6 equivalents of ExGen500 in 100 pl of 150 mM NaCl
solution per well. For electroporation 2x10” MT-2 or Ra-1 cells were suspended in
400 pl of RPMI-1640 with 50% FBS, mixed with 20 pg plasmid, placed in 4 mm gap
cuvette model 640 (BTX, USA) and electroporated with 100 V electric pulse for 50
msec followed by 200 msec pause for five cycles.

Nucleofection of MT-2 cells was performed with Cell Line Optimization
Nucleofector'™ kit according to manufacturer’s instructions using the apparatus

provided by Amaxa biosystems (Germany). 10° cells were suspended in 100 ul of
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nucleofector solution V., mixed with 5 pg of the plasmid and subjected to
nucleofection using protocol A-23.

Estimation of transfection efficiency and selection of transfected cells
Transfection efficiency was assessed by microscopic examination of GFP
fluorescence in non-fixed cell preparations 24 hours after transfection with phr-GFP-1
or by transfection with plasmid pCMV--Gal-SPORT carrying -galactosidase gene
and subsequent staining of transfected cells with X-Gal (5-bromo-4-chloro-3-indolyl-
beta-D-galactopyranoside) -MBI Fermentas, Lithuania (Okimoto et al., 1999).

Selection of G418 resistant MT-2 and Ra-1 cells was carried out at 1200
ug/ml of antibiotic for 4 weeks in 24 well plates. Selection of G418 resistant RaHOS
cells was carried out at 400 png/ml for 4 weeks in 6 well plates. The G418 resistant
cell colonies were isolated as described in Freschney, 1994. Then transfected cells
were maintained in the growth medium supplemented with 400 or 200 (for the
RaHOS cells) pg/ml of the antibiotic G418.
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RESULTS

The establishment of experimental model of HTLV-1 infection in
monolayer cell line HOS
(Papers IV and V)

It is known that different lines of cultured cells vary by several orders of
magnitude in their ability to take up and express exogenously added DNA (Sambrook
et al., 1989). The efficiency of establishing stably transfected cell lines is dependent
on the efficiency of gene transfer into a given cell line, as well as on the survival of
successfully transfected cells when a selective pressure is applied. Lymphocyte cell
cultures mostly are transfected using electroporation techniques. The disadvantage of
this method is the high incidence level of cell damage which makes it difficult to
obtain cell clones harbouring the introduced nucleic acid. Known HTLV-1 producing
cell lines are of lymphocyte origin and therefore are susceptible to cell damage
induced by transfection procedures. Monolayer cell culture would allow usage of
more effective and convenient transfection techniques such as calcium co-
precipitation or liposome- or polycation-mediated gene delivery. Many non-lymphoid
cell types derived from human and varieties of animal species have been shown to be
permissive for HTLV-1 adsorption and penetration in vitro (Clapham et al., 1983).
However, HTLV-1 was incapable continuously replicate in these cells. Only non-
lymphoid human osteosarcoma (HOS) cell culture and human endothelial cells were
permissive for HTLV-1 replication (Clapham et al., 1983; Hoxie et al., 1984). To
obtain a convenient monolayer cell culture model to study effect of asRNA on HTLV-
1 replication, a monolayer HOS cell line was infected with HTLV-1.

Infection of HOS cells by HTLV-1. Efficient HTLV-1 entry into the host cell

requires direct cell to cell interaction and usually for the experimental infection of
susceptible cells the method of co-cultivation with irradiated or mitomycin C treated
(to prevent cell division) HTLV-1 producing cells is used (Miyoshi et al.. 1989). HOS
cells were infected by co-cultivation with the mitomycin C treated virus-producing
lymphoid cells of rabbit cell line Ra-1. Co-culture was carried out using suspension of
Ra-1 cells at concentration 1.5x10° cells per ml. After co-cultivation of initial HOS
cell culture with Ra-1 cells the polynuclear cells — syncytia containing from 5-12
nuclei have been registered. Their amount was increased for the next 6 passages of

infected HOS cells with following decrease. By passage 14 only single syncytia
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remained. Sometimes the single multinuclear cells were observed during the rest of
cultivation of infected HOS cells. The formation of syncytia in HOS cells after co-
culture with HTLV-1-producing Ra-1 cells indicated transmission and productive
HTLV-1 infection in the HOS cells. The obtained cell culture was designated as
RaHOS. Detection of HTLV-1 proviral DNA in RaHOS cells. PCR analysis for the

virus regulatory (fax, 5" LTR) and structural (gag, env) genes showed the integration
of the provirus DNA in RaHOS cells. Using a set of HTLV/STLV generic outer and
HTLV-1 specific inner primers for the tax gene, DNA samples extracted from RaHOS
cells were found to be positive for HTLV-1 sequence in dynamics, as shown for the
passages 45, 57, 77 and 130 (Fig. 4A). HTLV-1 infection was further confirmed by
the presence of the gag and env genes, and the 5°LTR region sequences as shown for
the passages 45, 57, 77 and 130 (Fig. 4B, 4C, 4D). The results of PCR had proved that
integration of the virus remained stable during the observation period, for more than

150 passages of cultivation.
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562bp

Fig. 4. Detection of HTLV-1 proviral sequences in DNA of RaHOS cells. DNA was
amplified with primers complementary to the regions of the fax gene (A): gag gene
(B); env gene (C) and 5’LTR (D). M-markers: pUC19 DNA/Mspl (A, B), MassRuler
DNA Ladder, Low range (C, D); 1 — DNA extracted from HTLV-1-producing Ra-1
cells (positive control); 2-5 — DNA extracted from RaHOS cells after 45, 57. 77, 130
passages, respectively: 6 — DNA extracted from HOS cells (negative control); 7 —
control without DNA. The size of the amplification product (bp) is indicated on the
right side.
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Detection of HTLV-1 mRNA expression. To determine whether the cell line is

persistently producing the virus or is latently infected, the RT-PCR analysis with
HTLV-1 specific primers complementary to the gag and tax genes was performed..
The expression of the gag and rax genes was detected in RaHOS cells throughout all
the observation period (20-150 passages). The detection of viral mRNA for the rax
and gag genes in the cells at the passage 106 using the RT-PCR method is shown at
the Fig. 5. To confirm the specificity of the amplification product and to exclude
contamination with genomic DNA, simultaneus reactions were performed in the
ansence of RT (Fig. 5, line 4). The results of RT-PCR indicated that viral mRNA
transcripts in the obtained RaHOS cell culture were continuously expressed.

A

«95 bp

Fig. 5. Expression of HTLV-1 A. rax and B. gag sequences in RaHOS cells (passage
110) and RaHOS cell culture supernatant (passages 106-110). M — markers: pUC19
DNA/Mspl; 1 - DNA extracted from HTLV-1-producing Ra-1 cells; 2 — RT-PCR:
RNA from HTLV-1-producing Ra-1 cells: 3 — RT-PCR: RNA isolated from RaHOS
cells after 110 passages: 4 — RNA from RaHOS cells. PCR without RT: 5 - RT-PCR:
RNA extracted from RaHOS cell culture supernatant; 6 — RT-PCR: RNA extracted
from HOS cells (negative control): 7 — RNA extracted from HOS cells. PCR without
RT; 8 — control without RNA. The size of the amplified product (bp) is indicated on
the right side.

Detection of HTLV-1 antigens. The presence of HTLV-1 antigens was

estimated by indirect immunofluorescence analysis (IFA) and syncytia assay (SA).

Bright fluorescent regions in cytoplasm and diffuse fluorescence around the nucleus
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were detected in 75-80 % of RaHOS cells at 65 passage, when IFA was carried out
with HTLV-1 positive sera (Fig. 6A). At the same time, fluorescence was not
observed in HOS cells incubated with HTLV-1 positive sera, or in RaHOS cells
incubated with HTLV-1 negative sera (Fig. 6B). The specific fluorescence in
cytoplasm of RaHOS cells was observed during the whole observation period up to
the 150" passage. However, the number of fluorescence positive cells as well as
fluorescence intensity decreased with increasing the passage number and at passage

150 the specific fluorescence was observed only in 5% of cells.
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Fig. 6. Detection of HTLV-1 antigens in RaHOS cells by IFA. RaHOS cells at
passage 65 were incubated with serum of ATLL patient (A) or with HTLV-1 negative
serum (B). Fixation and staining were performed as described in Materials and
Methods, magnification x 600
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It is known that the free viral particles of HTLV-BLV group viruses are poorly
infectious and viral transmission occurs almost exclusively via cell-to-cell contacts.
The capacity of the virus to mediate cell-to-cell transmission is known to correlate
with the syncytia-forming ability of the infected cells. The capacity of RaHOS cells to
induce syncytia in HelLa cells was studied. The proportion of multinuclear cells in
control HeLa cell culture did not exceed 0.6% and the number of nuclei in these cells
was up to 5. When RaHOS cells were mixed with HeLa cells, syncytia containing 5-
15 nuclei appeared in the indicator HeLa cells, and the total amount of syncytia
increased by up to 1.5-4.0 % (Fig. 7A). The replication of HTLV-1 in the RaHOS cell
line was also confirmed by inhibition of syncytia formation in the presence of anti-
HTLV-1 antibodies from HTLV-1 positive patient sera (Fig. 7B), while in the
presence of HTLV-1 negative sera, the syncytia inhibition was not observed. As the
cell fusion is mediated by HTLV-1 envelope glycoproteins (Delamarre et al., 1997,
Sagara et al., 1997), the induction of syncytia in indicator HeLa cell culture by co-
culture with RaHOS cells indicated the expression of viral envelope proteins in

RaHOS cells.
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Fig. 7. Syncytia formation in HeLa cells co-cultivated with RaHOS cells (A)

and inhibition of syncytia formation in the presence of serum of ATLL patient (B).
The multinuclear cells are marked by arrows. SA was performed as indicated in

Materials and Methods
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Productive infection of HTLV-1 in RaHOS cell line. The production of HTLV-1

virions in RaHOS cell culture was showed by the presence of the HTLV-1 genomic
RNA in cell-free RaHOS culture supernatant. For this purpose, the virions were
sedimented by ultracentrifugation and isolated RNA was subjected to RT-PCR with
the HTLV-1 gag and tax-specific primers. Both the HTLV-1 gag and tax-specific
amplification products were detected, as it is shown for the 106-110 passages of
cultivation (Fig. 5). These results were reproducible throughout the all observation
period (20-110 passages). Thus, the HTLV-1 replication was demonstrated by PCR,
RT-PCR, IFA and SA methods (Fig. 8). IFA and SA confirmed the expression of
HTLV-1 antigens in the cell cytoplasm and on the cell surface. The presence of viral
RNA in cell-free culture medium gave evidence of viral particle production by
RaHOS cells. Thus, RT-PCR, IFA and SA indicated that HTLV-1 infection in

RaHOS cells is productive, stable and long-term.

The integration of PCR gag +
HTLV-1 env F
(provirus DNA) fax L
5’LTR +
The presence of RT-PCR
HTLV-1 RNA in the > gag +
cells | tax ¥
IFA
The expression of | - +
HTLV-1 antigens SA
> +
The presence of gag +
HTLV-1 virions in the RT-PCR

v

cell culture medium tax -

Fig. 8. Examination of HTLV-1 replication in cell culture RaHOS.
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Cytogenetic analysis of RaHOS cells. Cytogenetic analysis of RaHOS cells of

the 60" and the 125" passages showed human karyotype with modal number of
chromosomes identical to those in HOS cells — 48 (Fig 9). However, at passage 125,
the polyploidy percentage in the RaHOS cell culture was slightly elevated in
comparison with HOS cell culture (5.4 % and 4.6 % respectively). Morphological
features of RaHOS cell culture. Morphological studies of RaHOS cell culture (using

Romanowsky-Giemsa staining) revealed some signs of transformation, compared to
the initial HOS cell culture. Although both cell cultures were -cultivated
simultaneously in equal conditions, after 60 passages, the focuses of multilayer
growth had appeared in the RaHOS cell culture (Fig. 10A), while the initial HOS cell
culture lacked such features (Fig. 10B). After 30 passages, the RaHOS cells had got
the ability to form colonies in soft agar. 0.1 % of the cells gave growth in colonies of
about 0.1 mm in diameter. The colonie- forming capacity increased during further
passages, and after 60 and 150 passages, already 0.4 % and 1.3 % of cells,
respectively, had formed clumps of increased size (0.15-0.20 mm in diameter). The
initial cell culture HOS TES83, used in this study as the control, did not form colonies

in soft agar.
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Fig. 9. Cytogenetic analysis of HOS and RaHOS cells.

A. Metaphase chromosomes of HOS cells.
B. Metaphase chromosomes of RaHOS cells
Cytogenetic analysis was performed as described in Materials and Methods.




Fig. 10. Formation of foci of multilayer growth in RaHOS cells (passage 105)
upon 72 h of culture (A). The control HOS cells upon 72 h of culture (B). The foci of
multilayer growth are marked by arrows.



Also, the proliferative activity of RaHOS cells differed from the initial HOS
cell culture. After 18 passages, the incorporation of *H-thymidine in RaHOS cells was
1.4 times higher, and at the 135 passage 2 times higher, in comparison with HOS
cells. At 96 hours, the incorporation of *H-thymidine in RaHOS cells remained high,
while in HOS cells its level was decreased (Fig. 11).
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& 4000 |— —— : !
g i -
i ——HOS
A |
é‘ 3000 . ' { —a—HOS
k- & | RaHOS, passage 100
2 v — 3 - ’ —»—RaHOS, passage 135
;a |
E‘ o . \
A ‘ iy
= r
1000 {otar il fn ot
0 T :
24h 48h 72h 96h

Time of cultivation, hours

Fig. 11. Proliferative activity of RaHOS and HOS cells. Proliferative activity
assay was performed as described in Materials and Methods.

Characteristics of the transformed cells in vitro included a loss of contact
inhibition as demonstrated by focus formation in monolayer cell culture and
acquisition of anchorage-independent growth as demonstrated by the ability to form
colonies in soft agar. Therefore, RaHOS had a higher saturation density of the
monolayer, higher proliferative activity, enhanced formation of multilayer growth
focuses and the ability to form colonies in soft agar. The features of malignancy of
RaHOS cells increased during continuous cultivation. The observed morphological
changes apparently were the result of long-term HTLV-1 replication in these cells.
The acquired phenotypic changes of the obtained cell culture indicated a change of the
phenotype towards malignant transformation of the cells, previously not shown for
HTLV-1 infected non-lymphoid cells. This cell culture could be a useful tool for
investigation of the changes in cell genetic regulation which occur upon HTLV-1

infection. Cloning of RaHOS cell line. To improve and standartizy the established cell
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culture model, the RaHOS cell line was cloned by dilution and four cell clones were
obtained. Two of them contained integrated provirus, as detected by PCR analysis of
extracted DNA. These two clones were designated as D1 and H9. Further analysis of
the clones by RT-PCR confirmed the expression of viral mRNA (Fig. 12) and the
IFA, as well as SA showed the expression of HTLV-1 antigens in the cells of these
clones. Moreover, IFA and SA analyses showed more intensive viral expression in the
clone H9. The specific fluorescence of cells was observed in 68% of H9 cells
comparing to 27.9 % in D1 clone cells. The ability to grow in semisolid medium
showed enhanced capacity of clone H9 to form colonies in soft agar in comparison
with the D1 clone. After two week cultivation in soft agar about 0.6 % of clone H9
cells had formed clumps 0.06-0.17 mm in diameter comparing to 0.02% of D1 clone
cells wich formed clumps 0.04 - 0.08 mm in diameter. Also in RT-PCR analysis of
viral RNA expression in the clone H9 the amplification product of first PCR round
was already visible comparing to the clone D1, where the virus specific amplification
product was detectable only in the second PCR round (Fig. 12). Therefore, the clone

H9 of RaHOS cell culture was used in further work in investigation of anti-viral effect

of asRNA and viral trans-activator decoy constructs.

M 1 2 3 4 5

Pagllgh & 4
S 150 bp

Fig. 12. Detection of viral RNA expression in RaHOS cell culture clones D1 and H9.
RT-PCR with primers complementary to the HTLV-1 gag gene sequence. M —
marker: pUC19 DNA/Mspl; 1 — RNA isolated from HOS cells (negative control); 2 —
RNA isolated from the RaHOS clone D1; 3 — RNA isolated from the RaHOS clone
H9; 4 — RNA isolated from HTLV-1-producing cell line C91/PL; 5 — DNA of HTLV-
1 positive person (positive control). By arrows on the right side are indicated 150 bp
specific amplified product of second PCR round and also visible 230 bp fragment of
the first PCR round.



Construction of the plasmids carrying asRNA genes targeted at HTLV-1
LTR U3 and pX region and Tax decoy HTLV-1 LTR U3 sequence
(Papers I and II)

There are as yet no general rules for choosing neither the optimal target site
within a given viral genome nor the optimal length of the asRNA transcript.
Therefore, these parameters still has to be established experimentally for the certain
virus. Based on the investigations with the BLV, which is closely related to HTLV, as
well as HIV, which uses similar strategy in its genome regulation and on the
experiments with asODNs and ribozymes reported for the HTLV-1, the pX region and
LTR U3 region of HTLV-1 genome were chosen as a promising targets for the
nucleic acid based therapy of the virus.

Stable intracellular expression of as-sequences is currently the most efficient
method by which as-nucleic acid technology can be used to inhibit gene expression. A
major limitation to the use of stable expression of as-sequences as a therapy for viral
infection is that long-term high levels of asRNA expression are required for effective
inhibition of viral replication. The stoichiometry of as-sequences must be at a
minimum 1:1, but ratios 5:1 or 10:1 lead to more effective inhibition of viral
replication. Thus, for an as-gene therapy strategy to be effective, the antisense gene
expression must be higher than the levels of HTLV-1 expression. Standard gene
therapy vectors containing polymerase Il promoters often do not produce sufficient
levels of as-sequence to inhibit viral replication. Subsequently, polymerase III
promoters ensures high level of gene expression, but are not cell/tissue specific and
can not be regulated as it is possible in case of polymerase II promoters. Thus, a
promoter choice is important in construction of asRNA gene carrying vector.

The asRNA gene carrying plasmids were constructed based on the principles
mentioned above. The viral LTR U3 region and pX region sequences were cloned in
reversed orientation under the strong MPSV (Myeloproliferative sarcoma virus)
promoter, which is active in the lymphoid tissues and ensures high level of expression
comparing to SV40 immediate early promoter and HIV transactivated promoter
(Artelt P. et al., 1988; Lin et al., 1994; Engels et al., 2003).

Construction of the plasmid carrying asRNA gene targeted at HTLV-1 LTR
U3 (Paper I). The plasmid pMT2, containing full HTLV-1 genome was used as the
source of HTLV-1 LTR U3 sequence fragment for construction of HTLV-1 LTR U3

asRNA gene carrying plasmid. For this purpose HTLV-1 LTR U3 226 bp fragment
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excised from the plasmid pMT-2 with Smal and Hincll restriction enzymes (Fig.13)
was inserted into Smal site of the pMPSVEH vector (Fig 14) under MPSV promoter.
The orientation of HTLV-1 LTR U3 fragment in obtained recombinant plasmids was
examined by restriction analysis and antisense pMHTas plasmid construct was
selected (Fig. 15B). As a control the plasmid with the same HTLV-1 LTR U3
fragment in sense orientation (pMHTSs) also was used (Fig. 15A).
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1 GGAAAAACTT GGAGTGTAGT TCTGACAATG ACCATGAGCC CCAAATATCC CCCGGGGGCT

61 TAGAGCCTCC CAGTGAAAAA CATTTCCGAG AAACAGAAGT CTGAAAAGGT CAGGGCCCAG

121 ACTAAGGCTC TGACGTCTCC CCCCGGAGGG CAGCTCAGCA CCGGCTCGGG CTAGGCCCTG

181 ACGTGTCCCC CTGAAGACAA ATCATAAGCT CAGACCTCCG GGAAGCCACC AAGAACCACC

241 CATTTCCTCC CCATGTTTGT CAAGCCGTCC TCAGGCGTTG ACGACAACCC CTCACCTCAA

301 AAAACTTTTC ATGGCACGCA TATGGCTC/. "CTAGCA GGAGTCTATA AAAGCGTGGA
361 GACAGTTCAG GAGGG

Fig. 13. HTLV-1 LTR U3 sequence, starting from nucleotide 23 (Seiki et al., 1983).
Bright green — Smal restriction endonuclease recognition site; violet — position of the BA2 primer; red — 21 bp repeats; blue — position of the

MM1 primer; green — Hincll restriction endonuclease recognition site; yellow — polyadenilation signal; underlined — TATA box
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Fig. 14. Schema of the pMPSVEH vector

Abbreviations: MPSV - Myeloproliferative sarcoma virus; SV 40 poly (A) -
Simian Virus 40 polyadenilation signal; ApR - ampicillin resistance gene; ori —
pBR322 replication origin of the plasmid.

Construction of the plasmid carrying asRNA gene targeted at HTLV-1 pX

region (Paper I). To construct a plasmid carrying asRNA targeted to HTLV-1 pX

region, 1100 bp fragment of HTLV-1 pX region was cutted out from the plasmid
pCO-12-20 with EcoRI and Pstl restriction enzymes and subcloned into pBluescript
KS (pB1100). Then the fragment was excised from pB1100 with BamHI and HindlIl
restriction enzymes and inserted by Hindlll and BamHI restriction sites into
PMPSVEH vector under the MPSV promoter to obtain the antisense orientation

required (Fig. 16).



HTLV-1 provirus genome

EcoRV

EcoRV

Fig. 15. Construction of pMHTs, pMHTas and pGHT plasmids.
HTLV-1 LTR U3 226 bp fragment was excised from the plasmid pMT-2 with Smal
and Hincll restriction enzymes. The exicised fragment was inserted into Smal site of
the pMPSVEH vector under MPSV promoter in sense and antisense orientation
obtaining pMHTs (A) and pMHTas (B) constructs, correspondingly. The same
HTLV-1 LTR U3 fragment was inserted also into EcoRV restriction site of
pGEMS5Z+ plasmid without eukariotic promoter and is not expressed. The obtained

Tax decoy construct was designated as pGHT (C).

5. 37
gag | pol | env pX
U3 | R | US ' | U3 | R | U5
— LTRU3 fragment
Smal Hincll
MPSV HTLV-1 LTR U3 fragment Poly A
A Yy [ T
Smal Smal
MPSV HTLV-1 LTR U3 fragment Poly A
L, B pMHTas ' FTTTTTS o
Smal mal T
SP6  HTLV-1 LTR U3 fragment T7
el & ¢ o o R I

Abbreviations: MPSV - Myeloproliferative sarcoma virus promoter; poly (A) -
Simian Virus 40 polyadenilation signal; SP6 and T7 — promoters of the phages SP6
and T7, respectively
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HTLV-1 provirus genome
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Fig. 16. Construction of the plasmid pMP1100as
A. HTLV-1 pX region fragment (1100 bp) was excised from pCO-12-20 with EcoRI
and PstI and inserted between EcoRI and Psil sites of pBluescript KS™ (pB1100).

B. Insertion of HTLV-1 pX region fragment into pMPSVEH vector in antisense
orientation. pX gene fragment was excised with BamHl and Hindlll from
intermediate construct pB1100 and inserted into BamHI and Hindlll restriction site of
the pMPSVEH vector (pMP1100as).
Abbreviations: MPSV - Myeloproliferative sarcoma virus promoter: poly (A) -
Simian Virus 40 polyadenilation signal



Construction of the Tax decov plasmid. carrying HTLV-1 U3 fragment. To

construct the plasmid carrying virus transactivator decoy sequences the same 226 bp
HTLV-1 LTR U3 fragment excised from pMT-2 plasmid was used (Figl3). This
fragment is containing two full 21 bp repeats, which are recognised by viral
transactivator Tax (shown in the Fig. 13 by red). The fragment was inserted into
pGEMSZ+ plasmid into EcoRV restriction site without eukariotic promoter and is not

expressed. The obtained Tax decoy construct was designated as pGHT (Fig 15C).

The plasmids pMHTs, pMHTas, pMP1100as as well as the plasmid pGHT
used in this study were constructed in Laboratory for Viral Infections Gene Therapy
of the Moscow Research Institute for Viral Preparations, Academy of Medical
Sciences, Russia in the frame of collaboration project ,.Design and testing of
recombinant genes programming informational immunity against human T-cell
leukemia virus”. It was expected that the plasmid pMHTas could employ both:
asRNA and Tax decoy mechanisms of action, as the Tax decoy sequences are
transcribed from the MPSV promoter to asRNA. Subsequently, plasmid pMHTs could
act as Tax decoy construct with simultaneous expression of viral LTR U3 RNA
fragment and plasmid pGHT —exclusively as Tax decoy construct.

The optimization of HTLV-1 antisense and Tax decoy constructs (Paper II).

As the original vector pMPSVEH with cloned MPSV promoter do not contain any
selection/reporter gene, the cells have to be co-transfected with plasmid, which
harbour marker gene. Taking in account low transfection efficiency, highly traumatic
electroporation technique, laborious and time-consuming cloning procedure the
probability to obtain cell clones harbouring therapeutic gene decreases strongly in
case of co-transfection. To improve the efficiency of transfection the created as-
constructs were modified by the insertion of the neo (neomycin phosphotransferase)
selection gene into the plasmids pMHTs and pMHTas with 226 bp fragment of
HTLV-1 LTR U3, cloned under MPSV promoter in sense and antisense orientations,
respectively. Also the construct harbouring neo gene and non-expressed HTLV-1
LTR U3 sequence, which contains 21 bp repeats recognized by HTLV-1 trans-

activator protein Tax, was made. Insertion of the neo gene into pMHTs and pMHTas.

The neo gene was excised with Hindlll and BamHI restrictases from the pKO

Scrambler NTKV-1907 plasmid and inserted between HindIll and BamHI sites of the
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plasmids pMHTs and pMHTas, respectively (Fig.17A). The new constructs were

designated as P4neo and P2neo, accordingly. Construction of Tax decoy plasmid.

harbouring neo selection gene. To construct the plasmid harbouring only HTLV-1

LTR U3 sequence, which contains 21 bp repeats, recognised by HTLV-1 trans-
activator protein Tax (analogue of pGHT with neo gene), the pKO Scrambler NTKV-
1907 plasmid was used as a backbone. First, the thymidine kinase gene was excised
with RsrIl. Then the 226 bp fragment of the HTLV-1 LTR U3 was cutted out from
pHTLV-1 by Smal and Hincll digestion and inserted into Smal site of the

intermediate construct (Fig. 17B). The new construct was named as P5neo.
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Fig. 17. Construction of the plasmids P2neo, P4neo and P5neo

A. Neomycin Phosphotransferase gene (1647 bp) was excised from pKO Scrambler
NTKV-1907 with BamH I and Hind III and inserted between BamH I and Hind 1II
sites of pMHTas and pMHTs, respectively.

B. Insertion of HTLV-1 LTR U3 fragment into pKO Scrambler NTKV-1907. First,
the thymidine kinase gene (2019 bp) was excised with Rsr /I. Then HTLV-1 LTR U3
fragment (226 bp) was cloned into Sma [ restriction site of the construct.
Abbreviations: MPSV - Myeloproliferative sarcoma virus; SV 40 poly (A) - Simian
Virus 40 polyadenilation signal; 4p R - ampicillin resistance gene; ori - replication
origin of the plasmid; PGK - mouse phosphoglycerol kinase promoter; Neo —
Neomycin Phosphotransferase; Poly (A) — polyadenilation signal: ColE1 ori — ColEl
replication origin of the plasmid; 4mp” — ampicillin resistance gene
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Examination of asRNA expression in modified constructs. To assess. if the

introduced neo gene did not affect the expression of asRNA from the new-made
constructs, Vero cells were transfected with the P2neo and P4neo plasmids using
ExGen 500 transfection reagent (22 kDa linear PEI). Vero cells were used as easy
transfectable and HTL V-1 negative cell line to avoid crossreaction with viral mRNA
when examining by RT-PCR its expression as one could expect in HTLV-1 producing
cells. Total cellular RNA from transfected Vero cells was isolated and checked for
HTLV-1 LTR U3 RNA expression by RT-PCR. In all tested samples expression of
HTLV-1 LTR U3 fragment was clearly observed (Fig. 18) suggesting that the
introduced marker genes did not affect asRNA synthesis. Thus, the new constructs

will allow applying better and faster selection in further experiments on the efficiency

of asRNA approach in antiviral therapy.

M 1 2 3 4 5 6
-

214 bp

Fig. 18. Expression of HTLV-1 LTR U3 RNA in Vero cells transfected with P2neo.
P4neo (RT-PCR)

M - 100 bp DNA Ladder (Promega, USA); 1 — Ra-1 RNA, positive control: 2
— RNA of Vero cells transfected with P2neo; 3- RNA of Vero cells transfected with
P4neo; 4 — RNA of Vero cells transfected with P2GFP plasmid; 5 - RNA of intact
Vero cells (negative control); 6 — control without RNA. Specific amplified fragment
of 214 bp is indicated on the right side.
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The investigation of the effect of HTLV-1 asRNA and Tax decoy plasmids
on HTLV-1 replication in RaHOS cells
(Paper I)

Transfection of RaHOS cell line by HTLV-1 antisense and Tax decoy

constructs and establishment of transfected cell clones. The plasmid constructs

pMHTs, pMHTas, pMP1100as and pGHT were co-transfected with plasmid pSV2neo

coding the neo selection gene into RaHOS cells by calcium co-precipitation method.
The transfection efficiency was assessed by transfection with plasmid pCMV-B-Gal-
SPORT carrying [B-galactosidase gene under control of immediate early CMV
promoter with subsequent staining of the cells with X-Gal (staines blue). The
transfection efficiency of RaHOS cells was about 2-3% as assessed by amount of
stained cells. This transfection efficiency is relatively low, comparing with other
monolayer cell lines, for example HeLa or Vero cells, where it could be more than
30% (Chen and Okayama, 1987; Nikcevic ef al., 2003). Therefore, RaHOS cell line is
relatively hard to transfect, nevertheless it allows usage of such convenient
transfection techniques as calcium co-precipitation and others in contrast to
lymphocyte cell cultures where these methods are very inefficient. After one month
selection with 400 pg/ml of geneticin (G418), more than 40 of G418 resistant cell
colonies were obtained. The established G418 resistant stable cell clones were
analysed by PCR for MPSV promoter sequence (Fig. 19) and for the pGHT vector
sequence (Fig. 20) to ensure the presence of the introduced plasmids in selected cells.
Among the obtained antibiotic resistant clones. only 9 were positive for the
introduced plasmids. As it is shown in the Fig. 19. the clones Nr. 12 and Nr.14
(pMHTs), Nr. 33 and Nr. 38 (pMHTas), Nr. 31 and Nr. 35 (pMP1100) were positive
for MPSV promoter sequence and in the Fig. 20. the clones Nr. 25, Nr. 27 and Nr. 32
(pGHT) were positive for the pGHT sequence. The long lasting resistance of
established cell cultures to G418 and repeated detection of the introduced plasmid
sequences after passage of the cells allow to suggest integration of introduced
sequences into genomic DNA of obtained RaHOS clones. The clones Nr. 14
(pMHTs). Nr. 38 (pMHTas), Nr. 35 (pMP1100as) and Nr. 25 (pGHT) were chosen

for further analysis of the effect of introduced sequences on viral mRNA synthesis.
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Fig. 19. Detection of MPSV promoter sequence in the G418 resistant cell clones of
RaHOS cell culture transfected with plasmids pMHTs, pMHTas and pMP1100as. 1, 2
— DNA extracted from cell clones Nr. 12 and Nr.14, respectively, transfected with
pMHTs; 3, 4 — DNA extracted from cell clones Nr. 33 and Nr. 38, respectively,
transfected with pMHTas; 5,6 — DNA extracted from cell clones Nr. 31 and Nr. 35,
respectively, transfected with pMP1100as; 7 — pMHTs plasmid DNA (positive
control); 8 — DNA extracted from RaHOS cells (negative control); M- DNA size
marker: DNA Step Ladder (Promega). Specific 140 bp amplified fragment is
indicated on the left side.

Fig. 20. Detection of pGHT sequence in the G418 resistant cell clones of
transfected RaHOS cell culture. 1 — DNA extracted from RaHOS cells (negative
control); 2 — pGHT plasmid DNA (positive control); 3, 4, 5 — DNA extracted from
cell clones Nr. 25, Nr. 27 and Nr. 32, respectively; M — DNA size marker (Applied
Biosystems). Specific 430 bp amplified fragment is indicated on the left side.



Investigation of the effect of HTLV-1 antisense and Tax decoy constructs on

HTLV-1 mRNA synthesis. To analyze the possible effect of the introduced antisense

and decoy sequences on HTLV-1 replication, sensitive technique allowing
quantitative analysis of samples should be applied. Dot-hybridization analysis of
nucleic acids bound on nitrocelluloze membrane is sensitive enough to detect specific
viral DNA or RNA in the sample and allows to compare the amount of analysed
specific sequences in the samples by intensity of radioactive signal given by
specifically bound probe with incorporated radioactive *’P isotope. The HTLV-1
specific probes for the dot-hybridization analysis used in this study were made by
PCR amplification of HTLV-1 LTR U3 and pX sequences from the pMHTs and
pMP1100as plasmids, correspondingly, with the addition of o’*P dATP into reaction

mix. Examination of integrated provirus by dot-hybridization in obtained RaHOS cell

culture clones with the introduced sequences. First, genomic DNA of all clones was

examined for the integrated proviral DNA. To differentiate between viral sequences
introduced with the constructs and own proviral sequences of HTLV-1 infected cells,
the clones Nr. 14, 38, 35 containing plasmids with HTLV-1 LTR U3 sequence were
hybridized with probe to pX region and subsequently the clone Nr. 25, harbouring
antisense sequence to pX region was hybridized with LTR U3 specific probe. All
examined clones were positive for the proviral sequences. The results of proviral
DNA analysis of clones with pX specific probe are showed in Fig. 21. The RaHOS
cell culture and its clone H9 were used as the positive controls, the HOS cell culture
as the negative control and 2ng of HTLV-1 genome excised from the pMT2 plasmid
served as the quantitative control for hybridization. As it is shown in the Fig. 21. the
signal of hybridization with proviral sequences is strong enough, comparing with the
signal in RaHOS and its clone H9, exept the clone Nr. 38 with pMHTas sequence.
The faint hybridization signal in the clone Nr. 38 allow to suggest that the amount of

integrated provirus in these cells was lower.



Fig. 21. Dot-hybridization analysis of genomic DNA extracted from RaHOS cell
culture clones containing pMHTs, pMHTas, pMP1100as and pGHT constructs. The
DNA is hybridized with the probe complementary to pX region of HTLV-1. 1 — DNA
extracted from the RaHOS clone Nr. 14., containing pMHTs; 2 — DNA extracted from
the RaHOS clone Nr. 25, containing pGHT; 3 — DNA extracted from the RaHOS cell
clone Nr. 35, containing pMP1100as; 4 — DNA extracted from the RaHOS cell clone
Nr. 38, containing pMHTas; 5 — DNA extracted from the RaHOS cell clone H9; 6 —
DNA extracted from RaHOS cell culture; 7 — DNA extracted from HOS cells
(negative control); 8 — 2 ng of pMT2 plasmid DNA (positive control).

The dot-hvbridization analysis of viral RNA in the transfected clones. To

analyze the possible effect of the introduced as- and decoy sequences on HTLV-1
replication the dot-hybridization analysis of viral RNA was performed. For the
detection of viral RNA in the transfected cell clones, the probe corresponding to pX
region was used to analyse cells containing HTLV-1 LTR U3 constructs (clones Nr.
14, 38, 35) (Fig. 22) and probe to HTLV-1 LTR U3 region to analyse the clone Nr.
25, harbouring antisense gene to HTLV-1 pX region (data not shown ). The analysis
of RNA dot-hybridization results using computer program ,.Lab Works™ (Bio-Rad)
clearly showed the strong, 90 % inhibition of viral RNA synthesis in clone Nr. 25,
harbouring pGHT - HTLV-1 Tax decoy construct. Also in the clone Nr. 14,
containing pMHTs plasmid and clone Nr. 35, harbouring pMP1100as plasmid, the
inhibition of viral RNA synthesis was approximately 50%. No significant inhibition in

the clone Nr. 38. harbouring antisense construct pMHTas, was observed.
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Fig. 22. Dot-hybridization analysis of RNA extracted from RaHOS cell culture clones
containing pMHTs, pMHTas, pMP1100as and pGHT constructs. The RNA was
hybridized with the probe complementary to pX region of HTLV-1. 1 — RNA
extracted from the RaHOS clone Nr. 14., containing pMHTs; 2 — RNA extracted from
the RaHOS clone Nr. 25, containing pGHT; 3 — RNA extracted from the RaHOS cell
clone Nr. 35, containing pMP1100as; 4 — RNA extracted from the RaHOS cell clone
Nr. 38, containing pMHTas; 5 — RNA extracted from the RaHOS cell clone H9; 6 —
RNA extracted from RaHOS cell culture; 7 — RNA extracted from HOS cells
(negative control); 8 — 2ng of pMT2 plasmid DNA (positive control).

It was anticipated that the plasmid pMHTas, harbouring HTLV-1 LTR U3
enhancer sequence under control of MPSV promoter, may employ both — antisense
and viral trans-activator decoy mechanisms of action. The obtained results did not
confirm this preposition. One of possible explanations for it could be following:
binding of cellular transcription proteins to the DNA sequence of MPSV promoter
and subsequent transcription of asRNA gene could be affected by viral protein Tax
bound to its enhancer sequences in the asRNA gene and controversily, binding of Tax
to its enhancer sequences could be hampered by transcription of these sequences from
MPSV promoter. As a result of such disturbances caused by close position of two
regulatory DNA sequences, the expression of asRNA from such construct may be
hampered, as well as the binding of Tax protein to its enhancer. Therefore, one of the
probable explanations of the inhibition of viral mRNA synthesis found in the cell
clone harbouring control pMHTs construct could be its Tax decoy action. As it was
shown by Shayakhmetov and co-authors, the efficient inhibition of BLV was achieved
with a plasmid containing non-expressing BLV U3 promoter sequence starting from
20 molar excess of the plasmid over the BLV proviral DNA (Shayakhmetov et al.,
1997). In contrast. in the case of asRNA gene to BLV LTR R US region. the efficient
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inhibition of BLV was achieved at 1:5 ratio of proviral to asRNA-encoding DNA
(Shayakhmetov ef al., 1997). Another possible explanation of viral mRNA synthesis
inhibition in cell clone harbouring sense pMHTs construct could be the phenomenon
of co-suppression discovered first in plants and later also in animals when co-
expression of introduced sequence together with the same natural sequence cause not
the expected higher expression of the product but, opposite, inhibition of such
sequence expression in the organism. (Napoli et al., 1990; Pickford and Cogoni,
2003). Subsequently, the absence of significant effect found in pMHTas harbouring
cell clone could be explained by possible disturbances in asRNA synthesis due to
close position of strong MPSV promoter and HTLV-1 enhancer sequences by one
hand and insufficient copy number of integrated pMHTas plasmid in the cells to act as
Tax decoy by the other hand. At the same time the strong inhibition of viral RNA
synthesis found in the RaHOS clone Nr. 25, could be due to high number of copies of
Tax decoy construct in these cells. It could be judged undirectly from the PCR
amplification results (Fig. 20), where DNA of clone Nr. 25 gave much stronger

signal, comparing to others two clones. Transfection of RaHOS clone H9 with

antisense P2neo and sense P4neo constructs. Thus, the results obtained with RaHOS

cell culture clones showed efficient inhibition of viral mRNA synthesis in the cell
clone harbouring pMHTs plasmid — HTLV-1 LTR U3 sense gene and no effect in the
clone with plasmid pMHTas — HTLV-1 LTR U3 asRNA gene. It was reasonable to
assume that the individual difference between clones in copy number/integration
pattern of introduced plasmids may influence the assessment of their antiviral action.
In order to obtain and analyse more clones with the HTLV-1 LTR U3 sense and
asRNA genes, the constructs P2neo and P4neo (pMHTs and pMHTas with inserted
neo gene) were transfected into RaHOS clone HO cells using linear 22 kDa PEI. The
transfection efficiency, assessed by transfection with plasmid carrying B-galactosidase
reporter gene pEQ176, was about 2-4%. After three week selection with 400 pg/ml of
G418, the cell cultures resistant to G418 antibiotic designated as RaHOS-P2neo and
RaHOS-P4neo were obtained. The genomic DNA was extracted from these cell
cultures and analysed for the introduced plasmid sequences by PCR. Both RaHOS-
P2neo and RaHOS-P4neo cell cultures were positive for the corresponding plasmid

sequences (Fig. 23).
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Fig. 23. Detection of P2neo and P4neo sequences in transfected G418 resistant
RaHOS cells. M — marker: pUC19/Mspl; 1 P2neo plasmid DNA (positive control); 2
— DNA isolated from G418 resistant RaHOS cells transfected with P2neo; 3 — DNA
isolated from RaHOS cells (negative control); 4 — P4neo plasmid DNA (positive
control); 5 — DNA isolated from G418 resistant RaHOS cells, transfected with P4neo;
6 — DNA isolated from RaHOS cells (negative control); 7 — control without DNA.
Specific 370 bp amplified fragment is indicated on the right side.

The analysis of asRNA expression in cell culture RaHOS-P2neo. The results

of analysis of viral expression in RaHOS cell clone harbouring antisense construct
pMHTas showed no effect on virus RNA synthesis. Therefore at first it was important
to analyse the expression of asRNA from the pMHTas plasmid in RaHOS cell culture.
Previously, in the HTLV-1 negative Vero cells transfected with P2neo plasmid and
using the same transfection reagent — 22 kDa linear PEI, it was found that the P2neo
plasmid is functioning and expressing HTLV-1 asRNA (Fig. 18). The expression of
asRNA in the RaHOS-P2neo cells, containing plasmid P2neo was analysed by RT-
PCR. using sense primer in RT reaction for cDNA synthesis from asRNA strand as
described in Materials and Methods. The expression of asRNA in RaHOS-P2neo cell

culture was not detected (Fig. 24).
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Fig. 24. Examination of HTLV-1 LTR U3 asRNA expression in RaHOS-P2neo cells
(RT-PCR). M — marker: pUC19/Mspl; 1 — P2neo plasmid DNA (positive control); 2 —
RNA isolated from RaHOS cells; 3 — RNA isolated from RaHOS-P2neo cells; 4 —
RNA isolated from RaHOS —P4neo cells; 5- RNA isolated from HOS cells (negative
control) 6 — RNA isolated from Vero cells transfected with P2neo (positive control); 7
— DNA isolated from HOS cells (negative control); 8 — control without DNA. HTLV-
1 specific 214 bp fragment and B-actin specific 650 bp fragment (RT-PCR control)
are indicated on the right side.

By the same time, resistance to G418 and presence of plasmid P2neo sequence
in the obtained RaHOS-P2neo cell culture, confirm integration of neo gene and
plasmid sequence into cellular genome. These results suggest that the expression of
asRNA from the P2neo plasmid probably is hampered in HTLV-1 infected cells
through binding of HTLV-1 transactivator Tax to its enhancer sequences in HTLV-1
LTR U3 asRNA gene. There could be also other explanations of our fail to detect
asRNA expression in the cells. For example, the effects of dsRNA, which could be
formed by asRNA with its complementary cellular counterpart and subsequently
could be degraded in the cell or processed to small fragments by the RNase III-like
nuclease Dicer, which promotes cleavage of long dsRNAs into 21-23-nt short siRNAs
with 2-nt 3’ overhangs. However, in analogical work with BLV the detection of
expressed asRNA clearly correlated with the antiviral action of the as-sequences
(Tomsons et al., 1993). Nevertheless. the detection of asRNA expression could not be
always directly relevant to its antiviral effect. Analysis of viral RNA expression in

RaHOS-P2neo and RaHOS-P4neo cell cultures. Thus, the expression of viral mRNA

transcripts in RaHOS-P2neo and RaHOS-P4neo cell cultures was analysed by RT-
PCR method for the LTR U3 sequences. as it is described in Materials and Methods.
The results of RT-PCR are showed at Fig.25. No significant difference in
fluorescence intensity of corresponding RT-PCR fragments was observed. Probably.

the sensitivity of RT-PCR method is too high to detect smaller differences in specific
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RNA amount, also by this method all viral RNA transcripts was detected, some of

which may be truncated and not functional.

650 bp B-actin

214 bp HTLV-1
LTR

Fig. 25. Analysis of viral RNA expression in RaHOS-P2neo and RaHOS-P4neo cell
cultures (RT-PCR). M — marker: pUC19 DNA/Mspl; 1 — DNA extracted from
RaHOS cells (positive control); 2 — RNA extracted from RaHOS-P2neo cells; 3 —
RNA extracted from RaHOS-P4neo cells; 4 - RNA extracted from RaHOS cells; 5 —
RNA extracted from HOS cells; 6 — DNA extracted from HOS cells (negative
control); 7 — control without DNA. The amplified HTLV-1 specific 214 bp and B-
actin gene specific 650 bp fragments (RT-PCR control) are indicated on the right side.

Analysis of RaHOS-P2neo and RaHOS-P4neo cell culture media for the viral

particles. To examine viral particle release cell-free supernatant of transfected
RaHOS-P2neo and RaHOS-P4neo cell cultures was analysed by quantitative ELISA
for the amount of HTLV-1 p19 matrix protein coded by gag gene. The results of
ELISA are shown in Fig. 26. The significant decrease of viral p19 protein in cell
culture media was found for RaHOS-P2neo cells — 9460 pg per ml comparing to
26400 pg/ml for RaHOS H9 cells (64% inhibition) and 15620 pg/ml for RaHOS-
P4neo cells (41 % inhibition). The results of ELISA also were in concordance with
RT-PCR analysis of RNA isolated from viral particles concentrated by

ultracentrifugation of cell culture media through sacharose cushion (Fig. 27).
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Fig. 27. Analysis of RaHOS-P2neo and RaHOS-P4neo cell culture media for the viral
particles (RT-PCR). M — marker: pUC19 DNA/Mspl; 1 — P2neo plasmid DNA
(positive control); 2 — RNA isolated from RaHOS-P2neo cell culture supernatant; 3 —
RNA isolated from RaHOS-P4neo cell culture supernatant; 4 — RNA isolated from
RaHOS cell culture supernatant; 5 — RNA isolated from HOS cells; 6 — DNA
extracted from HOS cells (negative control); control without DNA. Amplified 214 bp
HTLV-1 LTR specific fragment is indicated on the right side.
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Thus, despite of the fail in detection of asRNA expression in RaHOS-P2neo
cells and no difference in viral RNA synthesis found by RT-PCR method on the level
of transcription, the inhibition of HTLV-1 replication was found on the level of viral
particle release in both RaHOS-P2neo (64%) and RaHOS-P4neo (41 %) cell cultures.

Cloning of cell cultures RaHOS-P2neo and RaHOS —P4neo. Thus, it was
found that HTLV-1 LTR U3 asRNA is not expressed efficiently from the antisense
construct P2neo in HTLV-1 infected cells and the effect of Tax decoy is supposed to

be strongly dependent on copy number of plasmid, carrying HTLV-1 enhancer
sequences (P2neo, P4neo) in the cell. The number of copies and integration pattern of
introduced plasmid depends on the transfection technique used; in this case plasmid
was delivered into RaHOS cells with 22 kDa linear PEI reagent, which showed good
transfection efficiency, however it could be not excluded that less amount of intact
plasmids per cell was delivered. Therefore, it was reasonable to clone transfected cell
cultures in order to establish and analyse clones in which the effect of the constructs
on HTLV-1 replication could be expressed more clearly. The transfected cell cultures
were cloned using method of isolation of colonies formed by individual cells resistant
to G418 antibiotic. Three subclones - 2D, 2H, 2Z, of RaHOS cell culture clone H9
containing plasmid P2neo and three subclones — 4B, 4C, 4B, containing plasmid
P4neo were obtained. All subclones were examined for the presence of corresponding
construct by PCR analysis as described in Materials and Methods and all were

positive for the corresponding sequences. ELISA examination of RaHOS-P2neo and

RaHOS-P4neo cell culture clone media for the viral particles. To study the variation
of antiviral effect between clones the cells of obtained RaHOS-P2neo and RaHOS-

P4neo clones were seeded on 24 well plate 2x10° cells per well and cell culture media
was collected after 48 hours of cultivation for the p19 antigen ELISA analysis (Fig.
28). The amount of HTLV-1 p19 protein in cell culture media in control RaHOS cell
clone H9 was 11440 pg per ml and it was different from some RaHOS-P2neo and
RaHOS P4neo clones, where HTLV-1 p19 protein amount in culture media was
significantly lower in the clones 2D (2640 pg/ml — 77% inhibition), 4C (2805 pg/ml —
75% inhibition) and 4E (3520 pg/ml — 69%).
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Fig. 28. HTLV-1 pl9 antigen ELISA analysis of cell free culture media of RaHOS
cell clones harbouring P2neo and P4neo plasmids

Thus, significant inhibition of HTLV-1 replication was found in both RaHOS
subclones, containing antisense P2neo and sense P4neo constructs. Therefore, it is
difficult to conclude if the obtained effect using pMHTas construct is due to the
antisense mechanism and this investigation should be continued.

Together, the investigation of the antiviral effect of as-genes targeted at
HTLV-1 LTR U3 and pX region and the virus transactivator Tax decoy sequences on
HTLV-1 replication in virus producing monolayer cell culture RaHOS showed
effective inhibition of HTLV-1 replication by all examined constructs. Nevertheless,
the anticipated stronger effect of pMHTas construct as well as its analogue P2neo was
not detected. Possibly, the effects of antisense and Tax decoy are not combined and
may work separatedly; it could be dependent on the intracellular concentrations of
viral trans-activator Tax and transcription factors involved in transcription from

MPSV promoter and competition between these factors in the cell. Probably,
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antisense and franms-activator decoy inhibitory effect is different in the same culture
clone in dynamics, because just one mechanism is switched on at the moment.
Investigation of the effect of HTLV-1 LTR U3 asRNA and Tax decoy plasmids
with inserted marker neo gene on virus replication in HTLV-1 transformed
rabbit lymphoid cell line Ra-1 and human T-cell line MT-2

The natural target of HTLV-1 is T-lymphocyte (Collins et. al., 1996).
Therefore, lymphoid cell culture due to its proximity to the native conditions is the
more adequate model for a testing of the as-constructs than the RaHOS cell line. In
order to examine the effect of asRNA gene targeted to HTLV-1 LTR U3 region
(P2neo) and the Tax decoy construct (P5Sneo), harbouring the same HTLV-1 LTR U3
sequence without eukariotic promoter in the lymphoid cells, the plasmids P2neo and
PSneo were introduced into Ra-1 cells and the effect on the viral replication was
examined.

Introduction of the plasmids P2neo and P5neo into Ra-1 cells and selection of

successfully transfected cells. 20 pg of each plasmid P2neo and P5neo in 400 pl of

cell culture media, containing 50% FBS and 2x10’ cells were introduced by
electroporation into HTLV-1 transformed rabbit lymphoid cell line Ra-1. Transfection
efficiency was estimated by microscopic examination of GFP (green fluorescent
protein) fluorescence and was in the range of 0.5%- 3%, cell damage was between 60-
80%. Thus, lymphoid cells are much more difficult to transfect comparing to
monolayer cell cultures as well as electroporation technique is highly traumatic to
cells resulting in low density of survived cells and difficulties with their further
culturing and selection. Further, the survived cells were selected with 1.2 mg/ml G418
during four weeks and then maintained in the media containing supporting 400 pg/ml
concentration of G418. The genomic DNA was isolated from the established G418
resistant transfected Ra-1 sublines and analysed by PCR for the presence of the
introduced P2neo and P5neo plasmid sequences. The selected cells were positive for
the introduced plasmid sequences (Fig. 29 and Fig. 30) and were designated as Ra-1-

P2neo and Ra-1-P5neo, correspondingly.
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Fig. 29. Detection of P3neo and P5neo sequences in Ra-1-P5neo cells, MT-2-P5neo
cells and MT-2-P3neo cells (PCR). M — marker: pUC19 DNA/Mspl: 1 — P3neo
plasmid DNA (positive control); 2 — PSneo plasmid DNA (positive control); 3 — DNA
extracted from MT-2-P3neo cells; 4 — DNA extracted from MT-2-P5neo cells; 5 —
DNA extracted from Ra-1-P5neo cells; 6 — DNA extracted from MT-2 cells (negative
control); 7 — control without DNA.

370 bp

Fig. 30. Detection of P2neo sequence in Ra-1-P2neo cells (PCR). M —marker: pUC19
DNA/Mspl; 1 — P2neo plasmid DNA (positive control); 2 — DNA isolated from Ra-1-
P2neo cells; 3 — DNA isolated from Ra-1 cells (negative control); 4 — control without
DNA. 370 bp specitic amplified fragment is indicated on the right side.

RT-PCR analvsis of asRNA expression in Ra-1 cells. In RaHOS cells

transfected with antisense construct P2neo the expression of antisense RNA was not
found, probably due to competition between MPSV promoter and HTLV-1 enhancer
sequences of the construct. resulting in abortion of RNA synthesis. It was interesting
to examine if it is true for lymphoid cells. where activities of MPSV promoter and
Tax protein could be different. For this purpose the RNA of Ra-1 cells. containing

P2neo construct was subjected to RT-PCR analysis using sense HTLV-1 LTR specific
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primer in RT reaction. The expression of asRNA was not detected also in lymphoid

Ra-1 cells (Fig. 31).

—=%— 650 bp B-actin

= 214 bp HTLV-1
LTR

Fig. 31. RT-PCR analysis of asRNA expression in Ra-1 cells. M — marker: pUC19
DNA/Mspl; 1- P2neo plasmid DNA (positive control); 2 — RNA isolated from Ra-1
cells (negative control); 3 — RNA isolated from Ra-1-P2neo cells; 4 — RNA isolated
from Vero cells transfected with P2neo (positive control); 5 — control without DNA.
The amplified HTLV-1 specific 214 bp and RT-PCR control -actin gene specific 650
bp fragments are indicated on the right side.

Taking in account strong viral promoter, showed to ensure high expression in
lymphoid cells and very sensitive PCR technique, the fail of asRNA detection in both
monolayer RaHOS and lymphoid Ra-1 cells could not be explained by sensitivity of
the method or improper promoter and probably have the same reasons in both cell
cultures. Therefore, the comparison of the antiviral effect of P2neo and P35neo
constructs with inserted HTLV-1 LTR U3 fragment carrying HTLV-1 enhancer
sequences. could gave indirect evidence if the asRNA construct is really working by

antisense mechanism. Analysis of HTLV-1 RNA synthesis and release of viral

particles in transfected Ra-1 cells. With the purpose to compare viral mRNA

expression and virion production in Ra-1 and its transfectants Ra-1-P2neo and Ra-1-
P5neo, 3x10° cells per ml were seeded and placed at +4 °C 8 hours for
synchronization. After 72 hours of cultivation the cells and the cell culture media
were collected for HTLV-1 RNA and HTLV-1 pl19 antigen ELISA analyses. The
results of RT-PCR analysis of HTLV-1 LTR U3 sequence expression are shown at
Fig. 32.
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Fig. 32. RT-PCR analysis of HTLV-1 RNA synthesis in MT-2 ~P3neo, MT-2-P5neo,
Ra-1 P2neo and Ra-1-P5neo cells. M — DNA size marker: pUC19/Mspl; 2 — DNA
isolated from MT-2 cells (positive control); 2 — RNA isolated from MT-2-P3neo cells,
3 — RNA isolated from MT-2-P5neo cells; 4 — RNA isolated from Ra-1 cells; 5 —
RNA isolated from Ra-1-P2neo cells; 6 — RNA isolated from Ra-1-P5neo cells; 7 —
RNA isolated from HOS cells; 8 — DNA isolated from HOS cells; 9 — control without
DNA. )

No significant difference in the fluorescence intensity of obtained amplified
fragments was detected. The results of quantitative HTLV-1 p19 antigen ELISA

analysis of cell culture supernatant are shown in Fig. 33.
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Fig. 33. HTLV-1 p19 antigen ELISA analysis of Ra-1 cell culture transfected with
P2neo and P5neo plasmids.

These results show similar level - approximately 41% inhibition in Ra-1
P5neo cell culture (44000 pg/ml in Ra-1 comparing to 2585 pg/ml in Ra-1-P5neo) and
approximately 43% inhibition in Ra-1-P2neo (44000pg/ml in Ra-1 comparing to
25300 pg/ml in Ra-1-P2neo subline) and confirm suggestion about the action of
constructs preferentially as Tax decoy without additional stronger effect in cells
harbouring construct P2neo with asRNA gene, which sequence could act also as Tax
enhancer.

The investigation of the effect of Tax decoy plasmid with inserted marker neo

gene P5neo on virus replication in HTLV-1 transformed human T-lymphocyte cell
line MT-2.
The data obtained in experiments with RaHOS cell culture and Ra-1 cell

culture allowed to suggest that Tax decoy could be prospective approach in attempt to
inhibit HTLV-1 replication and prevent its oncogenic action. Thus, it could be
valuable to study effects of Tax decoy in human T-cells infected with HTLV-1.
Human T-cell line MT-2 is one of the first obtained and best studied HTLV-1

transformed cell lines. Therefore, study of Tax decoy effect was continued using MT-
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2 cell culture model. Introduction of the plasmids P5neo and P3neo into MT-2 cells

and selection of successfully transfected cells. The constructs P5neo and P3neo

(vector control) were introduced into MT-2 cells by electroporation. The efficiency of
transfection was estimated by microscopic examination of cells electroporated with
phr-GFP-1 plasmid by counting GFP fluorescent cells 24 hours after transfection. The
efficiency of transfection was in the range from 0.5% to 4% and cell damage was in
the range of 50-80%. The survived cells were selected with 1.2 mg/ml G418 for four
weeks and G418 resistant transfected MT-2 sublines were obtained. The presence of
introduced plasmids P5neo and P3neo in obtained G-418 resistant MT-2 sublines was
confirmed by PCR analysis of cellular DNA for the corresponding sequences (Fig.
29). Further, the obtained MT-2-P3neo and MT-Z-PSneo cell cultures were
maintained in media containing supporting 400 pg/ml of G418 to ensure retention of

the introduced sequences in the cells. Analysis of HTL. V-1 RNA synthesis and release

of viral particles in transfected MT-2 cells. The effect of the introduced Tax decoy

sequence on the viral RNA synthesis in MT-2 cells was estimated by Northern
hybridization analysis, which allows direct analysis of cellular RNA comparing with
RT-PCR, where the amount of amplified cDNA is estimated. For the RNA analysis of
MT-2-P3neo and MT-2-P5neo cells by Northern blot hybridization the RNA probe to
HTLV-1 LTR U3 region was synthesized from the pGHT plasmid. For the estimation
of RNA amount used in hybridization analysis and its recovery, the probe for the -
actin RNA was used simultaneusly with HTLV-1 specific probe. Northern blot
hybridization showed 70% inhibition of viral RNA synthesis in MT2-P5neo cells
comparing to MT-2-P3neo cells (Fig. 34.). No any signal exept -actin mRNA was
detected in HTLV-1 negative Vero cells.
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| —s— HTLV-1 RNA transcript

B—actin RNA transcript

Fig. 34. Northern blot analysis of HTLV-1 RNA synthesis in MT-2-P3neo and MT-2-
P5neo cells. 1 — RNA isolated from MT-2-P3neo cells; 2 — RNA isolated from MT-2-
PSneo cells. HTLV-1 specific RNA and B-actin RNA transcripts are indicated on the
right side.

The effect on viral RNA synthesis was seen also in RT-PCR analysis of
cellular RNA, but not as clearly as it was detected by Northern hybridization (Fig.
33). Thus, in MT-2 cells the inhibition of viral mRNA synthesis was found on the
level of viral mRNA transcription. In order to determine, if the viral particle release
also is inhibited, the RT-PCR analysis of RNA isolated from viral particles
concentrated by ultracentrifugation of MT2-P3neo and MT2-P5neo cell-free culture

media was performed. RT-PCR results showed decrease in viral particle release in

MT-2-P5neo cell culture comparing to MT-2-P3neo subline (Fig. 35).
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214 bp

Fig. 35. RT-PCR analysis of RNA isolated from viral particles concentrated by
ultracentrifugation of MT2-P3neo and MT2-P5neo cell free culture media. M —
marker: pUC19 DNA/Mspl; 1 — RNA isolated from MT-2-P3neo cell culture
supernatant; 2 — RNA isolated from MT-2-P5neo cell culture supernatant; 3 — RNA
isolated from Ra-1 cell culture supernatant; 4 — RNA isolated from Ra-1-P2neo cell
culture supernatant; 5 — RNA isolated from Ra-1-P5neo cell culture supernatant; 6 —
RNA isolated from HOS cells (negative control). HTLV-1 specific 214 bp amplified
fragment is indicated on the right side.

The effect on viral particle release was examined also by quantitative pl19
protein ELISA of synchronized MT-2, MT-2-P3neo and MT-2-P5neo cell cultures
media, collected after 72 hours of cultivation. The concentration of HTLV-1 pl9
protein in MT-2 cell culture supernatant was 20350 pg/ml, in control MT-2-P3neo
cell culture supernatant - 25740 pg/ml (26% higher than in original MT-2 cells) and
for the MT-2-P5neo cells - 8250 pg/ml (60% inhibition comparing with MT-2 cells

and 68% comparing with vector control MT-2-P3neo cells) (Fig. 36).
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Fig. 36. HTLV-1 p19 antigen ELISA analysis of MT-2 cells transfected with P3neo
and P5neo plasmids.

The inhibition of viral particle release found in MT-2 cells was about 20%
higher than in Ra-1 cells transfected with the same PSneo plasmid by the same
electroporation procedure. By comparison of the level of HTLV-1 expression found in
Ra-1 cell culture (concentration of p19 protein for Ra-1 cells was 44000 pg/ml) and in
MT-2 cells (20350 pg/ml) it become evident, that in case of. lower HTLV-1
expression, as it was in MT-2 cells, the inhibitory effect could be detected more
clearly. Taking in account low HTLV-1 expression level in vivo, the effective
antiviral action of the Tax decoy construct could be achieved by a lower cellular

concentration of Tax decoy sequences in vivo comparing with in vifro experiments.
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DISCUSSION ' : -

The transfection procedure of HTLV-1 producing cell cultures of lymphocytic
origin is difficult because of high level cell damage induced by electroporation
technique. It makes difficult to obtain cells expressing the introduced gene and
transfection efficiency is low, therefore selection of cells with the introduced gene is
required. Monolayer cell cultures are privileged because they allows usage of more
effective and convenient transfection techniques such as calcium co-precipitation and
liposome- or polycation-mediated gene delivery. . -

It is shown that HTLV-1 rrans-activator protein Tax could transform both
lymphoid cells and the cells of non-lymphoid origin (Matsumoto et al., 1997). At the
same time in transgenic mice expressing the fax gene mesenchymal tumours and
leukemia develop (Grossmann et al., 1995; Nerenberg et al., 1987). In HTLV-1
carriers and patients with HTLV-l-associated diseases the virus replicates
preferentially in CD4" T-cells; HTLV-1 could also infect and transform CD4" cells in
vitro (Collins et al., 1996; Yodoi and Uchiyama, 1992; Del Mistro et al., 1986). Up to
the present non-lymphoid cells were not known as the possible targets for HTLV-1
transformation. It could be explained by an inability of HTLV-1 to replicate
continuously in such cell cultures. ‘

HOS cells are known to be permissive for HTLV-1 replication (Clapham et
al., 1983). On the other hand, HOS cells could be transformed by nitrosoguanidine or
Kirsten virus (Rhim et al., 1975; Rhim et al., 1977). Therefore, we could expect that
HTLV-1 would be capable to transform them. '

It is known that the free viral particles of HTLV-BLV group viruses are poorly
infectious and viral transmission occurs almost exclusively via cell-to-cell contacts.
The capacity of the virus to mediate such a cell-to-cell transmission correlate with the
syncytia-forming ability of the virus (Delamarre et al., 1997; Sagara et al., 1997).
Therefore, we infected HOS TE85 cells co-cultivating them with HTLV-1-producing
rabbit Ra-1 lymphoid cells. HTLV-1 infected HOS cell culture designated as RaHOS
maintained human karyotype. The numerous syncytia in RaHOS cells were observed
through the first six passages after co-cultivation. As the cell fusion is mediated by
HTLV-I envelope glycoproteins (Delamarre er al., 1997; Sagara et al, 1997) this
could be indicative of HTLV-1 expression in the RaHOS cells. The integration of

HTLV-1 provirus and expression of viral antigéns as well as HTLV-1 particle release
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were confirmed by PCR, IFA, RT-PCR and SA. PCR analysis for the virus regulatory
(tax, 5° LTR) and structural (gag, env) genes in dynamics showed the integration of
the provirus DNA in RaHOS cells. The results of PCR have proved that integration of
the virus remained stable through the all observation period within 150 passages of
cultivation. The detection of viral mRNA in the cells at different passages using RT-
PCR method indicated continuous replication of the virus in this cell culture. IFA and
SA confirmed the expression of HTLV-1 antigens in the cell cytoplasm and on the
cell surface. The presence of viral RNA in cell free culture medium gave evidence of
viral particle production by RaHOS cells. Thus, RT-PCR, IFA and SA indicated that
HTLV-1 infection in RaHOS cells is productive, stable and long-term.

Newbound and co-wokers (Newbound ef al., 1996) demonstrated that cell tropism of
HTLV-1 is determined by the expression levels or activation states of Tax-responsive
cellular transcription factors binding to HTLV-1 LTR, the rate of viral transcription
and protein production in HTLV-1 infected primary CD4" cells being higher than in
primary CD8" cells. This increase was most notably observed in the presence of the
viral trans-activating Tax protein. These data suggested that unique or activated
transcription factors, particularly Tax-responsive factors in CD4" T cells, recognised
regulatory sequences within HTLV-1 LTR, mediating the enhanced viral transcription
in these cells (Newbound ef al., 1996). It could be supposed that the differences in
levels or activation states of transcription factors between various cell lines and
various types of cells could determine the permissiveness to HTLV-1 infection. Long-
term replication of HTLV-1 in RaHOS cells suggest that initial HOS cells possessed
transcription factors required for the activation of HTLV-1 transcription from its LTR.
At the same time long-term Tax action could result in the shortage of cell
transcriptional factors interacting with Tax or even to negative selection of Tax-
expressing cells (Los et al., 1998; Ruben et al., 1990), which seemed to be a probable
explanation of the decrease in the number of cells expressing HTLV-1 antigens upon
long-term passage history of RaHOS cells.

After a long period of cultivation (more than 60 passages), the morphology of
the obtained RaHOS cell culture had changed, comparing to the initial cell culture
HOS. RaHOS had a higher saturation density of the monolayer, higher proliferative
activity, enhanced formation of multilayer growth focuses and the ability to form
colonies in soft agar. The cytogenetic analysis of RaHOS cell culture confirmed that

the karyotype was identical to that of initial HOS cells. Therefore, the observed
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morphological changes apparently were the result of long-term HTLV-1 replication in
these cells. The acquired phenotypic changes of the obtained cell culture indicate a
change of the phenotype towards malignant transformation of the cells, previously not
shown for HTLV-1 infected non-lymphoid cells. Thus, this cell culture can be a
useful tool for investigation of the changes in cell genetic regulation which occur
upon HTLV-1 infection. The obtained RaHOS cell culture allows also the possibility
of a comparative analysis with the analogous non-infected HOS cell line, which is not
possible in case of existing HTLV-1 infected T-cell lines due to the absence of
analogous non-infected T-cell clones.

Selective blockage of the virus on the gene expression level offers the
possibility to develop highly specific alternatives to traditional pharmacological
antagonists providing a promising new therapeutic strategy. Traditional approaches
allow targeting of protein functions, whereas asRNA therapy can be directed toward
not only the protein-coding regions, but also against nucleic acid sequences that
control replication, transcription, and translation of the virus. These regulatory
sequences mostly are highly conserved, therefore targeting them helps to avoid drug
resistance problem, actual also for viral chemotherapy.

The gene regulation functions of as-nucleic acids strongly depend on the target
sequences selected in the viral genome. Transcript of HTLV-1 pX region was chosen
as target for asRNA, since spliced mRNA of the pX region includes ORFs for Tax
and Rex proteins which are transcriptional and post-transcriptional activators and play
important roles in viral replication (Seiki ef al., 1985). HTLV-1 protein Tax is the
promising candidate for gene therapy of HTLV-1-associated diseases, as it is the early
transactivator of the expression of all HTLV-1 genes and is able to transactivate
numerous cellular genes, leading to the cell transformation. Extracellular Tax protein
also plays an important role in pathogenesis of HTLV-1 associated neurodegenerative
diseases (Cowan et al., 1997). The LTR U3 region is one of the most promising
targets in the HTLV-1 genome also. since this region contains transcriptional
enhancer recognized by Tax protein and sequences, recognized by a number of
cellular transcription factors.

In experiments on BLV, which is closely related to HTLV, was shown that
asRNA targeted at the LTR and pX regions of BLV efficiently inhibited replication of
the virus (Murovska et al., 1992; Kozireva ef al., 1996). Moreover, in spite of more

efficient inhibition of BLV replication in the cells expressing asRNA targeted to BLV



LTR RUS region, the cells expressing asRNA targeted to BLV pX region showed
diminished tumorigenic potential in nude mice comparing to the control cells. In
studies using transient and stable transfection assays in vitro, it was shown that a
retroviral vector expressing antisense HIV-1 TAR, the region to which viral trans-
activator Tat binds, inhibited Tat-mediated trans-activation of a reporter plasmid with
the HIV-1 LTR genes (VandenDriessche et al, 1995). In another study, retroviral
vectors expressing HIV-1 tat or rev asRNA can protect the cells after challenge with
HIV-1 (Peng et al., 1996). Efficient inhibition of HTLV-1 was achieved by asRNA
targeted to pX region corresponding to the first kilobase of the tax gene (Von Ruden
and Gilboa, 1989). Hammerhead ribozyme targeted against HTLV-I tax/rex mRNA
and introduced into infected synovial cells; significantly inhibited both tax mRNA
expression and Tax protein synthesis, resulting in inhibition of synovial cell growth
and induction of apoptosis (Kitajima et al., 1997). Therefore, the efficient inhibition
of HTLV-1 replication by our as-construct pMP1100as carrying asRNA gene
targeting first 1100 nucleotides of HTLV-1 pX region was in concordance with the
results of other researchers.

RaHOS cell culture was transfected with the antisense and Tax decoy plasmid
constructs together with the neo selection gene carrying plasmid. Strong, 90%
inhibition of viral RNA transcription was found in cell clone, harbouring Tax decoy
plasmid pGHT (HTLV-1 LTR U3 without eukariotic promoter). Also the effective
inhibition (50%) of viral RNA transcription was found in control cell clone with LTR
U3 sense RNA construct pMHTs.

The asRNA targeted at the LTR U3 region inhibited HTLV-1 replication to a
various degree. The most effective inhibition of HTLV replication was observed in
RaHOS cells comparing to Ra-1 cells. It could be explained by lower expression level
of HTLV-1 in monolayer cell line than in lymphoid cells, wich are natural targets for
HTLV-1. Observed various degree of inhibition by the plasmids carrying HTLV-1
LTR U3 asRNA gene are consistent with the observation of Shayakhmetov and co-
authors in work with BLV, where authors found that the effects of plasmid carrying
asRNA gene under control of own viral promoter and control construct with empty
BLV promoter are variable, depending on the amount and relationship between the
introduced asRNA gene and the virus. In our experiments less inhibition of HTLV-1
replication was observed in cell culture with higher viral load (by RNA dot-

hybridization, RT-PCR and Northern hybridization) and productive infection (viral
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particles release, detected by pl9 antigen ELISA and RT-PCR after
ultracentrifugation of cell culture medium).

In co-transfection experiments of RaHOS cell culture, only 1 of 5 obtained
G418 resistant cell clones contained the introduced HTLV-1-specific sequence. To
improve the efficiency of transfection the as-constructs were modified by the insertion
of the neo gene into the original plasmids, carrying HTLV-1 LTR U3 sequence driven
by MPSV promoter. The construct harbouring HTLV-1 LTR U3 sequence, without
eukaryotic promoter and carrying the neo selection gene, also was made (Tax decoy).
The introduced marker gene did not affect the expression of HTLV-1 LTR U3
fragment as it was shown in transfected HTLV-1 negative Vero cells. Thus, the
obtained constructs allow applying better and faster selection in further experiments
on the efficiency of asRNA approach in antiviral therapy.

A major advantage of the use of asRNA is the long-term expression of the as-
compound inside the cell after a single administration. To conclude that an asRNA
expression vector is acting through a true antisense mechanism several conditions
should be followed: a) the antisense vector enters the cells and persists for a sufficient
period of time; b) it generates asRNA inside the cells; c) it reduces the level of the
target protein; d) it produces appropriate and specific biological effect. In the present
study stable integration of asRNA expression vector within long-term culture of the
transfected cells was detected advocating to its integration into cellular genome. In
Vero cells transfected with P2neo plasmid carrying asRNA gene targeted at HTLV
LTR U3 region the expression of asRNA was clearly observed. In one of RaHOS cell
culture clones without integrated HTLV-1 provirus, after transfection with pMHTas
plasmid stable integration and expression of the introduced pMHTas plasmid was
found. However, in the virus infected RaHOS cell clones with the introduced asRNA
vector we failed to detect asRNA transcript. The same was observed also in rabbit cell
line Ra-1. This finding leads us to the conclusion that viral transcription could interfer
with transcription of asRNA in the cells persistently infected by the virus. Many
investigations showed correlation between detection of asRNA transcripts in the cells
and their antiviral effect, the same was also observed with BLV (Tomsons et al.,
1993). The absence of asRNA transcripts in the transfected RaHOS and Ra-1 cells
could be explained by possible influence of Tax protein binding to its enhancer

sequences located within the asRNA gene of our pMHTas and P2neo constructs.



The investigation of antiviral effect of HTLV-1 LTR U3 fragment harbouring
plasmids in Ra-1 and MT-2 cell cultures confirmed that Tax decoy could be
prospective approach in attempt to inhibit HTLV-1 replication and prevent its
oncogenic potential. In work of Shayakhmetov and co-authors efficient inhibition of
BLV was achieved with a plasmid containing non-expressing BLV U3 promoter
sequence starting from 20 molar excess of the plasmid over the BLV proviral DNA.
In contrast, in the case of asRNA gene to BLV LTR RUS region, the efficient
inhibition of BLV was achieved at ratio 1:5 of proviral to asRNA-encoding DNA
(Shayakhmetov et al., 1997). The authors concluded that a low molar excesses (1:1 to
5:1) expression of the asRNA gene causes highly efficient inhibition of BLV
replication and the decoy effect does not play a significant role. In its turn, at high
molar excesses (10:1 and greater) the trans-activator decoy mechanism becomes the
prevailing factor in virus inhibition. In the intermediate range both mechanisms play
an equal role. In the mentioned study BLV U3 promoter sequence was used by to
inhibit viral infection de novo in BLV negative cell culture subsequently infected with
BLV. The results provided in the present study indicate that introduction of HTLV-1
trans-activator Tax decoy sequences into chronically infected cells may also
efficiently inhibit HTL V-1 replication.

Marked inhibition of virus replication by plasmid containing an empty
promoter suggests that trapping of transactivator proteins in vivo can significantly
decrease the concentration of transcriptional components which are necessary for
productive viral infection. This approach provides attractive possibility of regulated
action of the construct, dependent on expression of viral transactivator in the cell.
Thus, such type of sequences will work only in the cells expressing the virus. In the
presence of viral Tax protein they, probably, could work as CRE decoy elements
exhibiting antiproliferative effect. Studies on HTLV-1 have shown that the
concentration of Tax in vivo is very low. Therefore, it should be feasible to achieve
competitive inhibition of virus by trans-activator trapping. Since many types of
viruses encode special trans-activators for enhanced transcription from viral
promoters, the idea of use tranms-activator decoy could be applied also for other

viruses.
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CONCLUSIONS

e The convenient monolayer cell culture RaHOS for studying of the anti-
retroviral activity of antisense nucleic acids is established.

e The ability of HTLV-1 to transform not only the lymphoid cells, but also cells
of non-lymphoid origin is demonstrated for the first time.

e Transfection efficiency of RaHOS monolayer cell line was not as high as Vero
or HeLa cell lines. However, it allows the use of convenient lipofection and
other poly-cation delivery techniques, which are inefficient in lymphoid cells.

e The insertion of neo selection gene into original constructs allowed fast and
convenient evaluation of the antiviral effect also in lymphoid cells which are
natural target for HTLV-1.

e asRNA genes targeted to HTLV-1 LTR U3 and pX regions are able to inhibit
the expression of the virus in stable cell culture model.

e It is shown that Tax decoy is efficient and promising approach for the
inhibition of HTLV-1 replication.

e The HTLV-1 LTR U3 asRNA gene construct has background of two
inhibition mechanisms - antisense and Tax decoy. In the cells with high Tax
expression level Tax decoy mechanism could become prevailing in virus

replication control.

97



ACKNOWLEDGEMENTS

There are many people without whom this thesis would never be written. First of all,
my deepest thank to my supervisors: Dr. Modra Murovska and Prof. Aija Zilevica.
Thank you for believing in me and support. I would like to thank also the Gene
Therapy group of Moscow Research Institute for Viral Preparations, Academy of
Medical Sciences of Russian Federation, particularly Alexei Borisenko for the helpful
discussions and collaboration in the project “Design and Testing of Recombinant
Genes, Programming Informational Immunity Against Human T-cell Leukemia
Virus”. My family — thank you for what I am, allowing me to be free in my choices in
life. My deepest thanks and respect to all my colleagues in the Department of
Oncovirology and many other people whom [ am not mention here, but they all are in
my mind.

The work was supported in part by Grant 96.0684 from the Latvian Council of
Science, by a doctoral student’s grant Nr. 29 "An investigation of anti-HTLV-1
activity of different antisense polynucleotides” funded by the Latvian Council of
Science, Fellowship of the Matsumae International Foundation and local funds of
Department of Hematology and Respiratory Medicine, Kochi Medical School, Japan.
From the December 2004 this work is supported by European Community Funds for
PhD studies.

98



REFERENCES

Agadjanyan, M.G., Ugen, K.E., Wang, B., Williams, W.V., Weiner, D.B. (1994) Identification
of an 80-kilodalton membrane glycoprotein important for human T-cell leukemia virus type [
and type II syncytium formation and infection. J. Virol., 68: 485-493.

Ahn, J.D., Kim, C.H., Magae, J., Kim, Y.H., KimH.J., Park, K.K., Hong, S., Park, K.G., Lee,
LK., Chang, Y.C. (2003) E2F decoy oligodeoxynucleotides effectively inhibit growth of
human tumor cells. Biochem. Biophys. Res. Commun., 310: 1048-1053.

Al Moustafa, A.E., Foulkes, W.D., Wong, A., Jallal, H., Batist, G., Yu, Q., Herlyn, M., Sicinski,
P., Alaoui-Jamali, M.A. (2004) Cyclin D1 is essential for neoplastic transformation induced
by both E6/E7 and E6/E7/ErbB-2 cooperation in normal cells. Oncogene, 23: 5252-5256.

Alper, O., Bergmann-Leitner, E.S., Abrams, S., Cho-Chung, Y.S. (2001) Apoptosis, growth
arrest and suppression of invasiveness by CRE-decoy oligonucleotide in ovarian cancer cells:
protein kinase A downregulation and cytoplasmic export of CRE-binding proteins. Mol. Cell.
Biochem., 218: 55-63.

Alvarez-Salas, L.M., Benitez-Hess, M.L., DiPaolo, J.A. (2003) Advances in the development of
ribozymes and antisense oligodeoxynucleotides as antiviral agents for human
papillomaviruses. Antivir. Ther., 8: 265-278.

Armstrong, A.P., Franklin, A.A., Uittenbogaard, M.N., Giebler, H.A., Nyborg, J.K. (1993)
Pleiotropic effect of the human T-cell leukemia virus Tax protein on the DNA binding
activity of eukaryotic transcription factors. Proc. Natl. Acad. Sci. USA, 90: 7303-7307.

Arnulf, B., Villemain, A., Nicot, C., Mordelet, E., Charneau, P., Kersual, J., Zermati, Y.,
Mauviel, A., Bazarbachi, A., Hermine, O. (2002) Human T cell lymphotropic virus
oncoprotein tax represses TGF-B1 signaling in human T cells via c-Jun activation: a potential
mechanism of HTLV-I leukemogenesis. Blood, 100: 4129-4138.

Artelt, P., Morelle, C., Ausmeier, M., Fitzek, M. and Hauser, H. (1988) Vectors for efficient
expression in mammalian fibroblastoid, myeloid and lymphoid cells via transfection or
infection. Gene, 68: 213-219.

Asquith, B., Hanon, E., Taylor, G. P.,Bangham, C. R. (2000) Is human T-cell lymphotropic virus
type I really silent? Philos. Trans. R. Soc. Lond. B. Biol. Sci., 355: 1013-1019.

Azimi, N., Brown, K., Bamford, R.N., Tagaya, Y., Siebenlist, U., Waldmann, T.A. (1998)
Human T cell lymphotropic virus type I Tax protein trans-activates interleukin 15 gene
transcription through an NF-kappaB site. Proc. Natl. Acad. Sci. USA, 95: 2452-2457.

Ballard, D.W., Dohnlein, E., Lowenthal, J.W., Wano, Y., Franza, B.R., Greene, W.C. (1988)
HTLV-I tax induces cellular proteins that activate the kappa B element in the IL-2 receptor

alpha gene. Science, 241: 1652-1655.

99



Ballaun, C., Farrington, G.K., Dobrovnik, M., Rusche, J., Hauber, J., Bohnlein, E. (1991)
Functional analysis of human T-cell leukemia virus type I rex-response element: direct RNA
binding of Rex protein correlates with in vivo activity. J. Virol., 65: 4408-4413.

Bangham, C. R. M. (2000) HTLV-1 infections. J. Clin. Pathol., 53: 581-586.

Bangham, C.R.M. (2003) The immune control and cell-to-cell spread of human T-lymphotropic
virus type 1. J. Gen. Virol., 84: 3177-3189.

Barnhart, M.K., Connor, L.M., Marriott, S.J. (1997) Function of the human T-cell leukemia virus
type | 21-base-pair repeats in basal transcription. J. Virol., 71: 337-344.

Bar-Shira, A., Panet, A., Honigman, A. (1991) An RNA secondary structure juxtaposes two
remote genetic signals for human T-cell leukemia virus type I RNA 3’-end processing. J.
Virol., 65: 5165-5173.

Berneman, Z.N., Gartenhaus, R.B., Reitz, M.S. ez al. (1992) Expression of alternatively spliced
human T-lymphotropic virus type [ (HTLV-I) pX mRNA in infected cell lines and in primary
uncultured cells from patients with adult T-cell leukemia/lymphoma and healthy carriers.
Proc. Natl. Acad. Sci. USA, 89: 3005-3009.

Bertola, F., Manigand, C., Picard, P., Goetz, M., Schmitter, J.M., Precigoux, G. (2001) N-
Terminal domain of HTLV-I integrase: complexation and conformational studies of the zinc
finger. J. Pept. Sci., 7: 588-597.

Bex, F., McDowall, A., Burny, A., Gaynor, R. (1997) The human T-cell leukemia virus type 1
transactivator protein Tax colocolizes in unique nuclear structures with NF-xB proteins. J.
Virol., 71: 3484-3497.

Bindhu, M., Nair, A., Lairmore, M.D. (2004) Role of accessory proteins of HTLV-1 in viral
replication, T cell activation, and cellular gene expression. Front. Biosci., 9: 2556-2576.

Bratslavska O., Ivanova K., Kozireva S., Kalnberza G., Tomsone V., Murovska M. (2000)
Malignant transformation of human non-lymphoid cell line infected by HTLV-I. J Exp Oncol,
22:110-117.

Butz, K., Ristriani, T., Hengstermann, A., Denk, C., Scheffner, M., Hoppe-Seyler, F. (2003)
siRNA targeting of the viral E6 oncogene efficiently kills human papillomavirus-positive
cancer cells. Oncogene, 22: 5938-5945.

Cech, T.R., Tanner, N.K., Tinoco, LJr., Weir, B.R., Zuker, M., Perlman, P.S. (1983) Secondary
structure of the Tetrahymena ribosomal RNA intervening sequence: structural homology with
fungal mitochondrial intervening sequences. Proc. Natl. Acad. Sci. USA, 80: 3903-3907.

Chen, C., Okayama, H. (1987) High-efficiency transformation of mammalian cells by plasmid
DNA. Mol. Cell. Biol., 7:2745-2752.

Cho, Y.S., Kim, M.-K., Cheadle, C., Neary, C., Park, Y.G., Becker, K.G., Cho-Chung, Y.S.
(2002) A genomic-scale view of the cAMP response element-enhancer decoy: A tumor

target-based genetic tool. Proc. Natl. Acad. Sci. USA, 99: 15626-15631.

100



Cho-Chung, Y.S. (2003) CRE-enhancer DNA decoy: a tumor target-based genetic tool. Ann. N.
Y. Acad. Sci., 1002: 124-133.

Cho-Chung, Y.S., Park, Y.G., Lee, Y.N. (1999) Oligonucleotides as transcription factor decoys.
Curr. Opin. Mol. Ther., 1: 386-392.

Cho-Chung, Y.S., Park, Y.G., Nesterova, M., Lee, Y.N., Cho, Y.S. (2000) CRE-decoy
oligonucleotide-inhibition of gene expression and tumor growth. Mol. Cell. Biochem., 212:
29-34,

Clapham, P., Nagy, K., Cheingsong-Popov, R., Exley, M., Weiss, R. A. (1983) Productive
infection and cell-free transmission of human T-cell leukemia virus in nonlymphoid cell line.
Science, 222: 1125-1127.

Clarke, M.F., Gelmann, E.P., Reitz, M.S. (1983) Homology of human T-cell leukemia virus
envelope gene with class | HLA gene. Nature, 305: 60-63.

Clawson, G.A., Miranda, G.Q., Sivarajah, A., Xin, P., Pan, W., Thiboutot, D., Christensen, N.D.
(2004) Inhibition of papilloma progression by antisense oligonucleotides targeted to HPV11
E6/E7 RNA. Gene Ther., 11: 1331-1341.

Collins, N., Newbound, G.C., Ratner, L., Lairmore, M. (1996) In vitro CD4+ lymphocyte
transformation and infection in a rabbit model with a molecular clone of human T-cell
lymphotropic virus type L. J Virol, 70: 7241-7246.

Cowan, E.P., Alexander, R K., Daniel, S., Kasnanchi, F., Brady, J.N. (1997) Induction of tumor
necrosis factor alpha in human neuronal cells by extracellular human T-cell lymphotropic
virus type 1 Tax,. J. Virol., 71: 6982-6989.

Crooke, S. T. (1998) An Overview of progress in antisense therapeutics. Antisense Nucleic Acid
Drug Dev; 8: 115-122.

Daenke, S., Nightingale, S., Cruickshank, J.K., Bangham, C.R.M. (1990) Sequence variants of
human T-cell lymphotropic virus type I from patients with tropical spastic paraparesis and
adult T-cell leukemia do not distinguish neurological from leukemic isolates. J. Virol., 64:
1278-1282.

Datta, S., Kothari, N.H., Fan, H. (2000) In vivo genomic footprinting of the human T-cell
leukemia virus type 1 (HTLV-1) long terminal repeat enhancer sequences in HTLV-1-
infected human T-cell lines with different levels of Tax I activity. J. Virol., 74: 8277-8285.

Del Mistro, A., De Rossi, A., Aldovini, A., Salmi, R., Chieco-Bianchi, L. (1986) Immortalization
of human T lymphocytes by HTLV-I: phenotypic characteristic of target cells and kinetics of
virus integration and expression. Leukemia Res, 10: 1109-1120.

Delamarre, L., Rosenberg, A.R., Pique, C., Pham, D., Dokhelar, M.-C. (1997) A novel human T-
leukemia virus type I cell-to-cell transmission assay permits definition of SU glycoprotein

amino acids important for infectivity. J Virol.,71: 259-266.

101



Ding, S.F., Lombardi, R., Nazari, R., Joshi, S. (2002) A combination anti-HIV-1 gene therapy
approach using a single transcription unit that expresses antisense, decoy, and sense RNAs,
and trans-dominant negative mutant Gag and Env proteins. Front. Biosci., 7: al5-28.

Ding, W., Albrecht, B., Luo, R., et al. (2001) Endoplasmic reticulum and cis-Golgi localization
of human T-lymphotropic virus type 1 p12(I): association with calreticulin and calnexin.
J.Virol., 75: 7672-7682.

Duc Dodon, M., Bernard, A., Gazzolo, L. (1989) Peripheral T-lymphocyte activation by human
T-cell leukemia virus type I interferes with the CD2 but not with CD3/TCR pathway. J.
Virol., 63: 5413-5419.

Duensing, S., Munger, K. (2003) Human papillomavirus type 16 E7 oncoprotein can induce
abnormal centrosome duplication through a mechanism independent of inactivation of
retinoblastoma protein family members. J. Virol.,, 77: 12331-12335.

Dumais, N., Pare, M.E., Mercier, S., Bounou, S., Marriott, S.J., Barbeau, B., Tremblay, M.J.
(2003) T-cell receptor/CD28 engagement when combined with prostaglandin E2 treatment
leads to potent activation of human T-cell leukemia virus type 1. J. Virol., 77: 11170-11179.

Engels, S., Cam, H., Schuler, T., Indraccolo, S., Gladow, M., Baum, C., Blankenstein, T.,
Uckert, W. (2003) Retroviral vectors for high-level transgene expression in T lymphocytes.
Hum. Gene Ther., 14: 1155-1168.

Franchini, G. (1995) Molecular mechanisms of human T-cell leukemia/lymphotropic virus type I
infection. Blood, 86: 3619-3639.

Franchini, G., Fukumoto, R., Fullen, J.R. (2003) T-cell control by human T-cell
leukemia/lymphoma virus type 1. Int, J. Hematol., 78: 280-296.

Freshney, 1. R. (1994) Culture of Animal Cells: A Manual of Basic Technique. 3d edn., Wiley-
Liss, New York, pp. 166-167.

Friedrich, 1., Shir, A., Klein, S., Levitzki, A. (2004) RNA molecules as anti-cancer agents.
Semin. Cancer Biol., 14: 223-230.

Fujii, M., Tsuchiya, H., Chuhjo, T., Minamino, T., Miyamoto, K., Seiki, M. (1994) Serum
response factor has functional roles both in indirect binding to the CArG box and in the
transcriptional activation function of human T-cell leukemia virus type 1 Tax. J. Virol., 68:
7275-7283.

Fujita, M., Shiku, H., (1993) A human T lymphotropic virus type I (HTLV-I) long terminal
repeat-directed antisense c-myc construct with an Epstein-Barr virus replicon vector inhibits
cell growth in a HTLV-I-transformed human T cell line. FEBS Lett., 322: 15-20.

Fukudome, K., Furuse, M., Imai, T., Nishimura, M., Takagi, S., Hinuma, Y., Yoshie, O. (1992)
Identification of membrane antigen C33 recognized by monoclonal antibodies inhibitory to
human T-cell leukemia virus type 1 (HTLV-I)-induced syncytium formation: altered

glycosylation of C33 antigen in HTLV-1 positive T-cells. J. Virol., 66: 1394-1401.

102



Furukawa, Y., Yamashita, M., Usuku, K., Izumo, S., Nakagawa, M., Osame, M. (2000)
Phylogenetic subgroups of human T cell lymphotropic virus (HTLV) type I in the tax gene
and their association with different risks for HTLV-I-associated myelopathy/tropical spastic
paraparesis. J. Infect. Dis., 182: 1343-1349.

Gabet, A.S., Mortreux, F., Charneau, P., Riou, P., Duc-Dodon, M., Wu, Y., Jeang, K.T., Wattel,
E. (2003) Inactivation of hTERT transcription by Tax. Oncogene, 22: 3734-3741.

Gachon, F., Peleraux, A., Thebault, S., Dick, J., Lemasson, I., Devaux, C., Mesnard, J.-M. (1998)
CREB-2, a cellular CRE-dependent transcription repressor, functions in association with Tax
as an activator of the human T-cell leukemia virus type 1 promoter. J. Virol., 72: 8332-8337.

Gallo, R.C. (1986) The first human retrovirus. Sci. Am., 255: 88-98.

Gaudray, G., Gachon, F., Basbous, J., Biard-Piechaczyk, M., Devaux, C., Mesnard, J.M. (2002)
The complementary strand of the human T-cell leukemia virus type | RNA genome encodes a
bZIP transcription factor that down-regulates viral transcription. J. Virol., 76: 12813-12822.

Gavalchin, J., Fan, N., Waterbury, P.G., Corbett, E., Faldasz, B.D., Peshick, S.M., Poiesz, B.J.,
Papsidero, L., Lane, M.J. (1995) Regional localization of the putative cell surface receptor for
HTLV-I to human chromosome 17q23.2-17¢25.3. Virology, 212: 196-203.

Georges, S.A., Giebler, H.A., Cole, P.A., Luger, K., Laybourn, P.J., Nyborg, J.K. (2003) Tax
recruitment of CBP/p300, via the KIX domain, reveals a potent requirement for
acetyltransferase activity that is chromatin dependent and histone tail independent. Mol. Cell.
Biol., 23: 3392-3404.

Gessain, A., Gout, O. (1992) Chronic myelopathy associated with human T-lymphotropic virus
type | (HTLV-I). Ann. Int. Med., 117: 933-946.

Gessain, A., Vernant, J.C., Maurs, L., Barin, F., Gout, O., Calender, A., de The, G. (1985)
Antibodies to human T-lymphotropic virus I in patients with tropical spastic paraparesis.
Lancet, 2: 407-410.

Goon, P.K., Igakura, T., Hanon, E., Mosley, A.J., Barfield, A., Barnard, A.L., Kaftantzi, L.,
Tanaka, Y., Taylor, G.P., Weber, J.N., Bangham, C.R. (2004) Human T cell lymphotropic
virus type I (HTLV-I)-specific CD4+ T cells: immunodominance hierarchy and preferential
infection with HTLV-1. J. Immunol., 172: 1735-1743.

Goon, P.K.C., Hanon, E., Igakura, T., Tanaka, Y., Weber, J.N., Taylor, G.P., Bangham C.R.M.
(2002) High frequencies of Thl-type CD4™ T cells specific to HTLV-1 Env and Tax proteins
in patients with HTLV-1-associated myelopathy/tropical spastic paraparesis. Blood, 99: 3335-
3341.

Gout, O., Baulac, M., Gessain, A., Saal, F., Peries, J., Cabrol, C., Foucault-Fetz, C., Laplane, D.,
Sigaux, F., de The, G. (1990) Rapid development of myelopathy after HTLV-I infection
acquired by transfusion during cardiac transplantation. N. Engl. J. Med., 322: 383-388.



Graham, F.L., Van der Eb, A.J. (1973) A new technique for the assay of infectivity of human
adenovirus 5 DNA. Virology, 52: 456-467.

Gribaudo, G., Ravaglia, S., Caliendo, A., Cavallo, R., Gariglio, M., Martinotti, M. G., Landolfo,
S. (1993) Interferons inhibit onset of murine cytomegalovirus immediate-early gene
transcription. Virology, 197: 303-311.

Grossman, W. J., Kimata, J. T., Wong, F. H., Zutter, M., Ley, T. J., Ratner, L. (1995)
Development of leukemia in mice transgenic for the tax gene of human T-cell leukemia virus
type l. Proc Natl Acad Sci US4, 92: 1057-1061.

Guha, C., Shah, S.J., Ghosh, S.S., Lee, S.W., Roy-Chowdhury, N., Roy-Chowdhury, J. (2003)
Molecular therapies for viral hepatitis. BioDrugs, 17: 81-91.

Ha, J.J., Gaul, D.A., Mariani, V.L., Ding, Y.S., Ikeda, R.A., Shuker, S.B. (2002) HTLV-I
protease cleavage of P19/24 substrates is not dependent on NaCl concentration. Bioorg.
Chem., 30: 138-144.

Hara, H., Morita, M., Iwaki, T., Hatae, T., Itoyama, Y., Kitamoto, T., Akizuki, S., Goto, 1.,
Watanabe, T. (1994) Detection of human T lymphotropic virus type I (HTLV-I) proviral
DNA and analysis of T cell receptor V beta CDR3 sequences in spinal cord lesions of HTLV-
I-associated myelopathy/tropical spastic paraparesis. J. Exp. Med., 180: 831-839.

Hatta, Y., Yamada, M., Tomonaga, M., Koeffler, H.P. (1997) Extensive analysis of the
retinoblastoma gene in adult T-cell leukemia/lymphoma (ATL). Leukemia, 11: 984-989.

Heidecker, G., Hill, S., Lloyd, P.A., Derse, D. (2002) A novel protease processing site in the
transframe protein of human T-cell leukemia virus type 1 PR76(gag-pro) defines the N
terminus of RT. J. Virol., 76: 13101-13105.

Heidecker, G., Lloyd, P.A., Fox, K., Nagashima, K., Derse, D. (2004) Late assembly motifs of
human T-cell leukemia virus type 1 and their relative roles in particle release. J. Virol., 78:
6636-6648.

Helt, A.-M., Galloway, D. A. (2003) Mechanisms by which DNA tumor virus oncoproteins
target the Rb family of pocket proteins. Carcinogenesis, 24: 159-169.

Hidaka, M., Inoue, J., Yoshida, M., Seiki, M. (1988) Post-transcriptional regulator (rex) of
HTLV-1 initiates expression of viral structural proteins but suppresses expression of
regulatory proteins. EMBO J., 7: 519-523.

Ho, D.D., Rota, T.R., Hirsh, M.S. (1984) Infection of human endothelial cells by human T-
lymphotropic virus type 1. Proc. Natl. Acad. Sci. USA, 81: 7588-7190.

Hoshino, H., Clapham, P.R., Weiss, R.A., Miyoshi, 1., Yoshida, M., Miwa, M. (1985) Human T-
cell leukemia virus type | pseudotype neutralization of japanese and american isolates with
human and rabbit sera. Int. J. Cancer, 36: 671-675.

Hoxie, J., Matthews, D. M., Cines, D. B. (1984) Infection of human endothelial cells by human
T-cell leukemia virus type 1. Proc Natl Acad Sci USA. 81: 7591-7595.

104



Igakura, T., Stinchcombe, J.C., Goon, P.K., Taylor, G.P., Weber, J.N., Griffiths, G.M., Tanaka,
Y., Osame, M., Bangham, C.R. Spread of HTLV-I between lymphocytes by virus-induced
polarization of the cytoskeleton. Science, 299: 1713-1716.

Inoue, J., Itoh, M., Akizawa, T., Toyoshima, H., Yoshida, M. (1991) HTLV-1 Rex protein
accumulates unspliced RNA in the nucleus as well as in cytoplasm. Oncogene, 6: 1753-1757.

Ivanova, K., Bracslavska, O., Kozireva S., Kalnberza G., Tomsone V., Murovska M. (2001) A
cell culture model for human T-cell lymphotropic virus type | antiviral drug searching. Proc
Latvian Acad Sci, Section B, 55: 14-17.

James, H., A., Gibson, 1. (1998) The therapeutic potential of ribozymes. Blood, 91, 371-382.

Jeang, K.-T., Giam, C., Majone, F., Aboud, M (2004) Life, death and Tax: role of HTLV-I
oncoprotein in genetic instability and cellular transformation. JBC Papers in Press, April 16,
manuscript R400009200.

Jeang, K.-T., Widen, S.G., Semmes, O.J., Wilson, S.H., (1990) HTLV-I trans-activator protein,
Tax, is a trans-repressor of the human [-polymerase gene. Science: 247: 1082-1084.

Jeffery, K.J., Usuku, K., Hall, S.E., Matsumoto, W., Taylor, G.P., Procter, J., Bunce, M., Ogg,
G.S., Welsh, K.I., Weber, J.N., Lloyd, A.L., Nowak, M.A., Nagai, M., Kodama, D., Izumo,
S., Osame, M., Bangham, C.R. (1999) HLA alleles determine human T-lymphotropic virus —I
(HTLV-I) provirus load and the risk of HTLV-I-associated myelopathy. Proc. Natl. Acad. Sci.
USA, 96: 3848-3853.

Jin, D.Y., Spencer, F., Jeang, K.-T. (1998) Human T cell leukemia virus type 1 oncoprotein Tax
targets the human mitotic checkpoint protein MADI. Cell, 93: 81-91.

Joost Haasnoot, P.C., Cupac, D., Berkhout, B. (2003) Inhibition of virus replication by RNA
interference. J. Biomed. Sci., 10: 607-616.

Kalota, A., Shetzline, S.E., Gewirtz, A.M. (2004) Progress in the development of nucleic acid
therapeutics for cancer. Cancer. Biol. Ther., 3: 4-12.

Kalume, F., Lee, S.M., Morcos, Y., Callaway, J.C., Levin, M.C. (2004) Molecular mimicry:
cross-reactive antibodies from patients with immune-mediated neurologic disease inhibit
neuronal firing. J. Neurosci. Res., 77: 82-89.

Kao, S.-Y., Marriott, S.J. (1999) Disruption of nucleotide excision repair by the human T-cell
leukemia virus type 1 Tax protein. J. Virol., 73: 4299-4304.

Kawano., F., Yamaguchi, K., Nishimura, H., Tsuda, H., Takatsuki, K. (1985) Variation in the
clinical courses of adult T-cell leukemia. Cancer, 55: 851-.

Kawasaki, H., Eckner, R., Yao, T.-P., Taira, K., Chiu, R., Livingston, D.M., Yokoyama, K K.
(1998) Distinct roles of the co-activators p300 and CBP in retinoic-acid-induced F9-cell
differentiation. Nature, 393: 284-289.



Kawata, S., Ariumi, Y., Shimotohno, K. (2003) p21 (Waf1/Cip1/Sdil) prevents apoptosis as well
as stimulates growth in cells transformed or immortalized by human T-cell leukaemia virus
type t-encoded tax. J. Virol., 77: 7291-7299.

Kitajima, 1., Hanyu, N., Kawahara, K., Soejima, Y., Kubo, T., Yamada, R., Kaneda, Y.,
Maruyama, 1. (1997) Ribozyme-based gene cleavage approach to chronic arthritis associated
with human T cell leukemia virus type I: induction of apoptosis in synoviocytes by ablation of
HTLV-I tax protein. Arthritis Rheum., 40: 2118-2127.

Kitajima, I., Hanyu, N., Soejima, Y., Hirano, R., Arahira, S., Yamaoka, S., Yamada, R.,
Maruyama, 1., Kaneda, Y. (1997) Efficient transfer of synthetic ribozymes into cells using
hemagglutinating virus of Japan (HVIJ)-cationic liposomes. Application for ribozymes that
target human T-cell leukemia virus type I tax/rex mRNA. J. Biol. Chem., 272: 27099-27106.

Kitajima, [., Shinohara, T., Bilakovics, J., Brown, D. A., Xu, X., Nerenbergt, M. (1992),
Ablation of transplanted HTLV-I Tax-transformed tumors in mice by antisense inhibition of
NF-xB. Science, 258: 1792-1795.

Kobayashi, M., Ohi, Y., Asano, T. et al., (1991) Purification and characterization of human T-
cell leukemia virus type I protease produced in Escherichia coli. FEBS Lett.,293: 106-110.
Kohtz, D.S., Altman, A., Kohtz, 1.D., Poszkin, S. (1988) Immunological and structural homology
between human T-cell leukemia virus type 1 envelope glycoprotein and a region of human

interleukin-2 implicated in binding the B receptor. J. Virol., 62: 659-662.

Koyanagi, Y., [toyama, Y., Nakamura, N., Takamutsa, K., Kira, J., Iwamasa, T., Goto, I,
Yamamoto, N. (1993) In vivo infection of human T-cell leukemia virus type I in non-T cells.
Virology, 196: 25-33.

Kozireva, S., Konicheva, V., Murovska, M., Baurin, V., Shayakhmetov, D., Emst, L., Prokofiev,
M., Tikchonenko, T. (1996) Investigation of an antisense RNA gene effect on the
reproduction of the bovine leukaemia virus in vivo. Transgenics, 2: 99-109.

Kronke, J., Kittler, R., Buchholz, F., Windish, M.P., Pietschmann, T., Bartenschlager, R., Frese,
M. (2004) Alternative approaches for efficient inhibition of hepatitis C virus RNA replication
by small interfering RNAs. J. Virol., 78: 3436-3446.

Kubota, S., Hatanaka, M., Pomerantz, R.J. (1996) Nucleo-cytoplasmic redistribution of the
HTLV-I Rex protein: alterations by coexpression of the HTLV-I p21x protein. Virology, 220:
502-507.

Kukaine, R.A., Murovska, M.F., Millere, 1.V., Vinkele, R.A., Tkachenko, T.Yu., Ose, V.P.,
Pashkute, M K., Kalnberza, G.K., Grasmane, D.V., Teilane, L.Ya. (1993) Identification of
HTLV-I virus in patients with myelomonocytic leukemia. Voprosy Onkologii, 39: 44-49 (in

Russian).

106



Lavrovsky, Y., Chen, S., Roy, A. K. (1997) Therapeutic potential and mechanism of action of
oligonucleotides and ribozymes. Biochem. Mol. Med., 62: 11-22.

Le Blanc, 1., Prevost, M.C., Dokhelar, M.C., Rosenberg, A.R. (2002) The PPPY motif of human
T-cell leukemia virus type 1 Gag protein is required early in the budding process. J. Virol.,
76: 10024-10029.

Lecellier, C.H., Voinnet, O. (2004) RNA silencing: no mercy for viruses? /mmunol. Rev., 198:
285-303.

Leclercq, 1., Mortreux, F., Gabet, A.S., Jonsson, C.B., Wattel, E. Basis of HTLV type 1 target
site selection. AIDS Res Hum Retroviruses 2000; 16: 1653-1659.

Lee, Y.N., Park, Y.G., Choi, Y.H., Cho, Y.S., Cho-Chung, Y.S. (2000) CRE-transcription factor
decoy oligonucleotide inhibition of MCF-7 breast cancer cells: cross-talk with p53 signaling
pathway. Biochemistry, 39: 4863-4868.

Lehky, T. J., Fox, C.H., Koenig, S., Levin, M.C., Flerlage, N., Izumo, S., Sato, E., Raine, C.S.,
Osame, M., Jacobson, S. (1995) Detection of human T-lymphotropic virus type 1 (HTLV-I)
tax RNA in the central nervous system of HTLV-I-associated myelopathy/tropical spastic
paraparesis patients by in situ hybridization. Ann. Neurol., 37: 167-175.

Lemasson, 1., Polakowski, N.J., Laybourn, P.J., Nyborg, J.K. (2004) Transcription regulatory
complexes bind the human T-cell leukemia virus 5’and 3’long terminal repeats to control
gene expression. Mol. Cell. Biol.,24: 6117-6126.

Lemoine, F.J., Kao, S.-Y., Marriott, S.J. (2000) Suppression of DNA repair by HTLV type 1 Tax
correlates with Tax trans-activation of proliferating cell nuclear antigen gene expression.
AIDS Res. Hum. Retroviruses, 16: 1623-1627.

Lenzmeier, B.A., Giebler, H.A., Nyborg, J.K. (1998) Human T-cell leukemia virus type 1 Tax
requires direct access to DNA for recruitment of CREB binding protein to the viral promoter.
Mol. Cell. Biol., 18: 721-731.

Levin, M. C., Jacobson, S. (1997) HTLV-I associated myelopathy/tropical spastic paraparesis
(HAM/TSP): a chronic progressive neurologic disease associated with immunologically
mediated damage to the central nervous system. J. Neurovirol., 3: 126-140.

Light, J., Molin, J. (1983) Post-transcriptional control of expression of the repA gene of plasmid
R I mediated by small RNA molecule. EMBO J., 2: 93-98.

Lin, J.H., Wang, M., Andrews, W.H., Wydro, R., Morser, J. (1994) Expression efficiency of the
human thrombomodulin-encoding gene in various vector and host systems. Gene, 147: 287-
292.

Liu, H.-F., Goubau, P., Van Brussel, M., Van Laethem, K., Chen, Y.-C., Desmyter, J.,
Vandamme, A.-M. (1996) The three human T-lymphotropic virus type I subtypes arose from

three geographically distinct simian reservoirs. J Gen Virol, 77: 359-368.

107



Liu, H.-F., Vandamme, A.-M., Kazadi, K., Carton, H., Desmyter, J., Goubau, P. (1994) Familial
transmission and minimal sequence variability of human T-lymphotropic virus type I (HTLV-
1) in Zaire. AIDS Res Hum Retroviruses, 10: 1135-1142,

Liu, D., Wu, Q., Ng, J., Criscuolo, E., Felix, E., Chu, S., Wren, E., Cowan, M., Eadon, C,,
Conant, M., Thalenfeld, B., Engelhardt, D., L. (February 2001) Engraftment of transduced
CD34+ cells and continued expression of genes encoding anti-HIV-1 antisense RNA in HIV-
l-infected human subjects. In: Program and abstracts of the 8" Conference on retroviruses
and opportunistic infections, Abstract 353.

Li-Weber, M., Giaisi, M., Chlichlia, K., Khazaie, K., Krammer, P.H. (2001) Human T cell
leukemia virus type I Tax enhances IL-4 gene expression in T cells. Eur., J., Immunol., 31:
2623-2632.

Los, M., Khazaie, K., Schulze-Osthoff, K., Baeuerle, P. A., Schirrmacher, V., Chlichlia, K.
(1998) Human T cell leukemia virus—I (HTLV-I) Tax-mediated apoptosis in activated T cells
requires an enhanced intracellular prooxidant state. J Immunol., 161: 3050-3055.

Lu, X,, Yu, Q., Binder, G.K., Chen, Z., Slepushkina, T., Rossi, J., Dropulic, B. (2004) Antisense-
mediated inhibition of human immunodeficiency virus (HIV) replication by use of an HIV
type 1-based vector results in severely attenuated mutants incapable of developing resistance.
J. Virol., 78: 7079-7088.

Lundblad, J.R., Kwok, R.P. S., Laurance M.E., Huang, M.S., Richards, J.P., Brennan, R.G.,
Goodman, R.H. (1998) The human T-cell leukemia Virus-1 transcriptional activator Tax
enhances cAMP-responsive element-binding protein (CREB) binding activity through
interactions with the DNA minor groove. J. Biol., Chem., 273: 19251-19259.

Maeda, N., Kawamura, T., Hoshino, H., Yamada, N., Blackard, J., Kushida, S., Miyano-
Kurosaki, N., Yamamoto, N., Makino, K., Yokota, T., Uchida, K., Miwa, M. (1998)
Inhibition of human T-cell leukemia virus type 1 replication by antisense env
oligodeoxynucleotide. Biochem Biophys Res Commun, 243: 109-112.

Maeda, N., Hoshino, H., Kushida, S., Miyano-Kurosaki, N., Yamamoto, N., Yokota, T.,
Mizuguchi, M., Makino, K., Uchida, K., Miwa, M. (1997) Inhibition of syncytium formation
by antisense oligonucleotide phosphorothioates complementary to tax mRNA of human T-
cell leukemia virus type | (HTLV-1). Leukemia, 3: 42-44.

Mahato, R.I., Takakura, Y., Hashida, M. Nonviral Vectors for in vivo gene delivery:
Physicochemical and Pharmakinetic Considerations. Crit Rev Ther Drug Carrier Syst 1997,
14: 133-172.

Makino, M., Shimokubo, S., Wakamatsu, S.-1., Izumo, S., Baba, M. (1999) The role of human T-
lymphotropic virus type 1 (HTLV-1)-infected dendritic cells in the development of HTLV-1-
associated myelopathy/tropical spastic paraparesis. J. Virol., 73: 4575-4581.

108



Manel, N., Kim, F.J., Kinet, S., Taylor, N., Sitbon, M., Battini J.-L. (2003) The ubiquitous
glucose transporter GLUT-1 is a receptor for HTLV. Cell, 115: 449-459.

Mansky, L.M. (2000) In vivo analysis of human T-cell leukemia virus type 1 reverse
transcription accuracy. J. Virol., 74: 9525-9531.

Mariner, J.M.,, Lantz, V., Waldmann, T.A., Azimi, N. (2001) Human T cell lymphotropic virus
type I Tax activates IL-15Ralpha gene expression through an NF-kappaB site. J. Immunol.,
166: 2602-2609.

Marriott, S.J., Lemoine, F.J., Jeang, K.-T. (2001) Damaged DNA and miscounted chromosomes:
human T cell leukemia virus type I Tax oncoprotein and genetic lesions in transformed cells.
J. Biomed. Sci., 9: 292-298.

Martinez, J., Patkaniowska, A., Urlaub, H., Lihrmann, R., Tuschl, T. (2002) Single-stranded
antisense siRNAs guide target RNA cleavage in RNAI. Cell, 110: 563-574.

Maruyama, M., Shibuya, H., Harada, H., et al. (1987) Evidence for aberrant activation of the
interleukin-2 autocrine loop by HTLV-1 encoded p40x and T3/Ti complex triggering. Cell,
48: 343-350.

Matsumoto K., Shibata H., Fujisawa J., Inoue H., Hakura A., Tsukahara T., Fujii M. (1997)
Human T-cell leukemia virus type I Tax protein transforms rat fibroblasts via two distinct
pathways. J. Virol., 71: 4445-4451.

Matsuzaki, Y., Fujisawa, J., Yoshida, M. (1995) Identification of transcriptional activation
domain of TREBS, a CREB/ATF family protein that binds to HTLV-1 enhancer. J. Biochem.
(Tokyo), 117: 303-308.

Mayr, B., Montminy, M. (2001) Transcriptional regulation by the phosphorylation-dependent
factor CREB. Nat. Rev. Mol. Cell. Biol., 2: 599-609.

Michienzy, A., Li, S., Zaia, J.A., Rossi, J.J. (2002) A nucleolar TAR decoy inhibitor of HIV-1
replication. Proc. Natl. Acad. Sci. USA, 99: 14047-14052.

Miyake, H., Suzuki, T., Hirai, H., Yoshida, M. (1999) Trans-activator Tax of human T-cell
leukemia virus type 1 enhances mutation frequency of the cellular genome. Virology, 253:
155-161.

Miyano-Kurosaki, N., Koyanagi, Y., Mizuguchi, M., Ohki, S., Makino, K., Yamamoto, N.
(1996) Inhibition of HTLV-I infection and virus-induced syncytia formation by
oligodeoxynucleotides. Virus Genes, 12: 205-217.

Miyata H, Kamahora T, lha S, Katamine S, Miyamoto T., Hino S. (1995) Dependency of
antibody titer on provirus load in human T Ilymphotropic virus type I carriers: An
interpretation for the minor population of seronegative carriers. J Infect Dis, 171: 1455-1460.

Miyoshi, I., Kubonishi, I., Sumida, M., Yoshimato, S., Hiraki, S., Tsubota, T., Kobashi, H., Cai,
M., Tanaka, T., Kimura, 1., Miyamoto, K., Sato, J. (1979) Characteristics of a leukemic T-cell
line derived from adult T-cell leukemia. Jpn. J. Clin. Onc.. 9: 485-494

109



Miyoshi, 1., Yoshimoto, S., Taguchi, H., Kubonishi, I., Fujishita, M., Ohtsuki, Y., Shiraishi, Y.,
Akagy, T. (1983) Transformation of rabbit lymphocytes with adult T-cell leukemia virus.
Gann, 74: 1-4

Mizuno, T., Chou, M., Inouye, M. (1983) Regulation of gene expression by a small RNA
transcript (micRNA) in Echerichia coli K-12. Proc. Jpn. Acad. Sci., 59: 335-338.

Monie, T.P., Greatorex, J.S., Zacharias, M., Lever, A.M. (2004) The human T-cell lymphotropic
virus type-I dimerization initiation site forms a hairpin loop, unlike previously characterized
retroviral dimerization motifs. Biochemistry, 43: 6085-6090.

Mori, N., Fujii, M., Iwai, K., Ikeda, S., Yamasaki, Y., Hata, T., Yamada, Y., Tanaka, Y.,
Tomonaga, M., Yamamoto, N. (2000) Constitutive activation of transcription factor AP-1 in
primary adult T-cell leukemia cells. Blood, 95: 3915-3921.

Mori, N., Mukaida, N., Ballard, D.W., Matsushima, K., Yamamoto, N. (1998) Human T-cell
leukemia virus type 1 Tax transactivates human interleukin 8 gene through acting
concurrently on AP-1 and nuclear factor —kappaB-like sites. Cancer Res., 58: 3993-4000.

Mori, N., Prager, D. (1998) Interleukin-10 gene expression and adult T-cell leukemia. Leuk.,
Lymphoma, 29: 239-248.

Morishita, R., Tomita, N., Kaneda, Y., Ogihara, T. (2004) Molecular therapy to inhibit
NfkappaB activation by transcription factor decoy oligonucleotides. Curr. Opin. Pharmacol.,
4: 139-146.

Morozov, V.A., Weiss, R.A. (1999) Two types of HTLV-1 particles are released from MT-2
cells. Virology, 255: 279-284.

Muller Igaz, L., Refojo, D., Costas, M.A., Holsboer, F., Arzt, E. (2002) CRE-mediated
transcriptional activation is involved in cAMP protection of T-cell glucocorticoid-mediated
programmed cell death. Biochim. Biophys. Acta, 1542: 139-148.

Mulloy, J.C., Crowley, R.W., Fullen, J., Leonard, W.J., Franchini, G. (1996) The human T-cell
leukemia/lymphotropic virus type I p12' protein binds the interleukin-2 receptor 8 and 7.
chains and affects their expression on the cell surface. J. Virol., 70: 3599-3605.

Murata, K., Fujita, M., Yamada, Y., Higami, Y., Shimokawa, I., Tsukasaki, K., Tanaka, Y.,
Maeda, M., Furukawa, K., Yoshiki, T., Shiku, H., Tomonaga, M. (1997) In vivo retrovirus-
mediated herpes simplex virus thymidine kinase gene therapy approach for adult T cell
leukemia in a rat model. Jpn. Cancer. Res., 88: 492-500.

Murovska, M.F., Chernobayeva, L.G., Miroshnichenko, O.I., Tomsons, V.P., Konicheva, V.V,
Ivanova, S.V., Tikchonenko T.I. (1992) An investigation of the effect of antisense RNA gene
on bovine leukaemia virus reproduction in cell culture. Veterinary Microbilogy, 33: 361-366.

Murovska, M., Kozireva, S., Tomsone, V. (2001) Antisense RNA-mediated inhibition of bovine

leukemia virus replication in transgenic rabbits. Exp. Oncol., 23: 51-56.

110



Napoli, C., Lemieux, C., Jorgensen, R. (1990) Introduction of a chimeric chalcone synthase gene
into petunia results in reversible co-suppression of homologous genes in trans. The Plant
Cell, 2: 279-289.

Nerenberg, M., Hinrichs, S., Reynolds, R., Khoury, G., Jay, G. (1987) The tat gene of human T-
lymphotropic virus type I induces mesenchymal tumors in transgenic mice. Science, 237:
1324-1329.

Newbound, G. C.,, Andrews, J. M., O’Rourke, J. P., Brady, J. N., Lairmore, M. D. (1996) Human
T-cell lymphotropic virus type I Tax mediates enhanced transcription in CD4" T lymphocytes.
J Virol, 70: 2101-2106.

Nicot, C., Dundr, M., Johnson, J. M., Fullen, J.R., Alonzo, N., Fukumoto, R., Princler, G.L.,
Derse, D., Misteli, T., Franchini, G. (2004) HTLV-1-encoded p30Il is a post-transcriptional
negative regulator of viral replication. Nat. Med., 10: 197-201.

Nicot, C., Mahieux, R., Takemoto, S., Franchini, G. (2000) Bcl-XL is upregulated by HTLV type
I and type Il in vitro and ex vivo ATLL samples. Blood, 96: 275-281.

Niewiesk, S., Daenke, S., Parker, C.E., Taylor, G., Weber, G., Nightingale, S., Bangham, C.R.M.
(1994) The transactivator gene of human T-cell leukemia virus type I is more variable within
and between healthy carriers than patients with tropical spastic paraparesis. J. Virol., 68:
6778-6781.

Niewisk, S., Daenke, S., Parker, C.E., Taylor, G., Weber, J., Nightingale, S., Bangham, C.R.
(1995) Naturally occuring variants of human T-cell leukemia virus type I Tax protein impair
its recognition by cytotoxic T lymphocytes and the transactivation function of Tax. J. Virol.,
69: 2649-2653.

Nikcevic, G., Kovacevic-Grujicik, N., Stevanovic, M. (2003) Improved transfection efficiency of
cultured human cells. Cell. Biol. Int., 27: 735-737.

Niyogi, K., Hildreth, J., E., K. (2001) Characterization of new syncytium-inhibiting monoclonal
antibodies implicates lipid rafts in human T-cell leukemia virus type 1 syncytium formation.
J. Virol., 75: 71351-7361.

Nomura, M., Ohashi, T., Nishikawa, K., Nishitsuji, H., Kurihara, K., Hasegawa, A., Furuta,
R.A., Fujisawa, J., Tanaka, Y., Hanabuchi, S., Harashima, N., Masuda, T., Kannagi, M.
(2004) Repression of tax expression is associated both with resistance of human T-cell
leukemia virus type 1-infected T cells to killing by tax-specific cytotoxic T lymphocytes and
with impaired tumorigenicity in a rat model. J. Virol., 78: 3827-3836.

Noppen, C., Luescher, U., Zuber, M., Spagnoli, G.C., Schaefer, C. (1997) Detection of tumor-
associated antigen gene expression in peripheral blood by RT-PCR in combination with the

mRNA isolation kit for blood/bone marrow. Biochemica, 4: 11-13.

111



Okimoto, M.A., Fan, H. (1999) Identification of directly infected cells in the bone marrow of
neonatal moloney murine leukemia virus-infected mice by use of a moloney murine leukemia
virus-based vector. J. Virol., 73:617-1623.

Osame, M., Usuku, K., Izumo S., Ijchi, N., Amitani, H., Igata, A., Matsumoto, M., Matsumoto,
T., Sonoda, S., Tara, M. (1986) HTLV-I associated myelopathy: a new clinical entity. Lancet,
1: 1031-1032.

Ozawa, T., Itoyama, T., Sadamori, N., Yamada, Y, Hata, T., Tomonaga, M., Isobe, M. (2004)
Rapid isolation of viral integration site reveals frequent integration of HTLV-1 into expressed
loci. J. Hum. Genet., 49: 154-165.

Ozden, S., Cochet, M., Mikol, J., Teixeira, A., Gessain, A., Pique, C. (2004) Direct evidence for
a chronic CD8"-T-cell-mediated immune reaction to tax within the muscle of a human T-cell
leukemia/lymphoma virus type l-infected patient with sporadic inclusion body myositis. J.
Virol., 78: 10320-10327.

Park, W.-S., Miyano-Kurosaki, N., Hayafune, M., Nakajima, E., Matsuzaki, T., Shimada, F.,
Takaku, H. (2002) Prevention of HIV-1 infection in human peripheral blood mononuclear
cells by specific RNA interference. Nucleic Acids Res., 30: 4830-4835.

Park, Y.G., Nesterova, M., Agrawal, S., Cho-Chung, Y.S. (1999) Dual blockage of cyclic AMP
response element- (CRE) and AP-1-directed transcription by CRE-transcription factor decoy
oligonucleotide, gene-specific inhibition of tumor growth. J. Biol. Chem., 274: 1573-1580.

Parker, C.E., Daenke, S., Nightingale, S., Bangham, C.R. (1992) Activated, HTLV-I-specific
cytotoxic T-lymphocytes are found in healthy seropositives as well as in patients with tropical
spastic paraparesis. Virology, 188: 628-636.

Peng, H., Callison, D., Li, P., Burrell, C. (1996) Long-term protection against HIV-1 infection
conferred by tat or rev antisense RNA was affected by the design of the retroviral vector.
Virology, 220: 377-3809.

Peng, H., Callison, D.E., Li, P., Burrell, C.J. (1997) Enhancement or inhibition of HIV-1
replication by intracellular expression of sense or antisense RNA targeted at different
intermediates of reverse transcription. AIDS, 11: 587-595.

Pickford, A.S., Cogoni, C. (2003) RNA-mediated gene silencing. Cell. Mol. Life Sci., 60: 871-
882.

Piguet, V., Sattentau, Q. (2004) Dangerous liaisons at the virological synapse. J. Clin. Invest.,
114: 605-610.

Pise-Masison, C.A., Mahieux, R., Radonovich, M., Jiang, H., Brady, J.N. (2001) Human T-
lymphotropic virus type I Tax protein utilizes distinct pathways for p53 inhibition that are cell

type-dependent. J. Biol. Chem., 276: 200-205.

112



Poiesz, B.J., Ruscetti, F.W., Gazdar, A.F., Bunn, P.A., Minna, J.D., Gallo, R.C. (1980) Detection
and isolation of type C retrovirus particles from fresh and cultured lymphocytes of a patient
with cutaneous T-cell lymphoma. Proc. Natl. Acad. Sci. USA, 77: 7415-7419.

Princler, G.L., Julias, J.G., Hughes, S.H., Derse, D. (2003) Roles of viral and cellular proteins in
the expression of alternatively spliced HTLV-1 pX mRNAs. Virology, 317: 136-145.

Rhim, J. S., Cho, H. Y., Vernon, M. L., Amnstein, P., Huebner, R. J., Gilden, R. V. (1975)
Characterization of non-producer human cells induced by Kirsten sarcoma virus. Int J
Cancer, 16: 840-849.

Rhim, J. S., Putman, D. L., Amstein, P., Huebner, R. J., McAllister, R. M. (1977)
Characterization of human cells transformed in virro by N-methyl-N’-nitro-N-
nitrosoguanidine. /nt J Cancer., 19: 505-510.

Robb, G.B., Carson, A.R., Tai, S.C., Fish, J.E., Singh, S., Yamada, T., Scherer, S.W.,
Nakabayashi, K., Marsden, P.A. (2004) Post-transcriptional regulation of endothelial nitric-
oxide synthase by an overlapping antisense mRNA transcript. J. Biol. Chem., 279: 37982-
37996.

Robek, M.D., Ratner, L. (1999) Immortalization of CD4+ and CD8+ T lymphocytes by human
T-cell leukemia virus type 1 Tax mutants expressed in a functional molecular clone. J. Virol.,
73: 4856-4865.

Ruben, S. M., Rosen, C. A. (1990) Suppression of signals required for activation of transcription
factor NF-xB in cells constitutevely expressing HTLV-I Tax protein. New Biol., 2: 894-899.
Sagara, Y., Ishida, C., Inoue, Y., Shiraki, H., Maeda, Y. (1997) Trypsin-sensitive and resistent
components in human T-cell membranes required for syncytium formation by human T-cell

lymphotropic virus type I-bearing cells. J. Virol., 71: 601-607.

Sagara, Y., Ishida, C., Inoue, Y., Shiraki, H., Maeda, Y. (1998) 71-Kilodalton heat shock cognate
protein acts as a cellular receptor for syncytium formation induced by human T-cell
lymphotropic virus type 1. J. Virol., 72: 535-541.

Sakashita, A., Hattori, T., Miller, C.W., Suzushima, H., Asou, N., Takatsuki, K., Koeffler, H.P.
(1992) Mutations of the p53 gene in adult T-cell leukemia. Blood, 79: 477-480.

Sambrook, J., Fritsch, E.F., Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual. 2nd

edn., Cold Spring Harbor Laboratory Press, New York, pp. 16.8 —16.16, 16.54-16.56.

Schmitt, 1., Rosin, O., Rohwer, P., Gossen, M., Grassmann, R. (1998) Stimulation of cyclin-
dependent kinase activity and G- to S-phase transition in human lymphocytes by the human
T-cell leukemia/lymphotropic virus type 1 Tax protein. J. Virol., 72: 633-640.

Seabright, M. (1971) A rapid banding technique for human chromosomes. Lancet, 11: 971-972.

Seiki, M., Hikikoshi, A., Taniguchi, T., Yoshida, M. (1985) Expression of the pX gene of
HTLV-I: general splicing mechanism in the HTLV family. Science, 228: 1532-1534.



Seiki, M., Watanabe, T., Sato, M., Oda, A., Toyoshima, K., Yoshida, M. (1983) Human adult T-
cell leukemia virus: complete nucleotide sequence of the provirus genome integrated in
leukemia cell DNA. Proc. Natl. Acad. Sci. USA, 80: 3618-3622.

Shayakhmetov, D., Kovalenko, D., Yurov, G., Borisenko, A., Tikchonenko T. (1997) Use of the
bovine leukaemia virus LTR U3 promoter for expressing antisense antiviral RNAs and
competitive inhibition of viral infection in cell culture. J. Gen. Virol., 78: 1941-1948.

Shimotohno, K., Takano, M., Teruuchi, T., Miwa, M. (1986) Requirement of multiple copies of a
21 nucleotide sequence in the U3 region of human T-cell leukemia virus type [ and type II
long terminal repeats for trans-acting activation of transcription. Proc. Natl. Acad. Sci. USA,
83: 8112-8116.

Shimoyama, M., Members of The Lymphoma Study Group (1984-1987) (1991) Diagnostic
criteria and classification of clinical subtypes of adult T-cell leukaemia-lymphoma: a report
from the lymphoma study group (1984-1987). Br. J. Haematol., 79: 428-437.

Silverman, L.R., Phipps, A.J., Montgomery, A., Ratner, L., Lairmore, M.D. (2004) Human T-cell
lymphotropic virus type | open reading frame Il-encoded p30ll is required for in vivo
replication: evidence of in vivo reversion. J. Virol., 78: 3837-3845.

Sommerfelt, M.A., Williams, B.P., Clapham, P.R., Solomon, E., Goodfellow, P.N., Weiss, RA.
(1988) Human T cell leukemia viruses use a receptor determined by human chromosome 17.
Science, 242: 1557-1559.

Su, 1J., Chang, I.C., Cheng, A.L. (1991) Expression of growth-related genes and drug-resistance
genes in HTLV-I-positive and HTLV-I-negative post-thymic T-cell malignancies. Ann.
Oncol., suppl. 2: 151-155.

Summerton, J., Weller, D. (1997) Morpholino antisense oligomers: Design, preparation, and
properties. Antisense& Nucleic Acid Drug Development, 7: 187-195.

Sutton, R.E., Littman, D.R. (1996) Broad host range of human T-cell leukemia virus type 1
demonstrated with improved pseudotyping system. J. Virol., 70: 7322-7326.

Suzuki, T., Fujisawa, J.I., Toita, M., Yoshida, M. (1993) The transactivator Tax of human T-cell
leukemia virus type [ (HTLV-I) interacts with cAMP-responsive element (CRE) binding and
CRE modulator proteins that bind to the 21-base-pair enhancer of HTLV-1. Proc Natl Acad
Sci USA, 90: 610-614.

Suzuki, T., Kitao, S., Matsushime, H., Yoshida, M. (1996) HTLV-1 Tax protein interacts with
cyclin-dependent kinase inhibitor p16™<** and counteracts its inhibitory activity towards
CDK4. EMBO J., 15: 1607-1614.

Suzuki, T., Uchida-Toita, M., Yoshida, M. (1999) Tax protein of HTLV-1 inhibits CBP/p300-
mediated transcription by interfering with recruitment of CBP/p300 onto DNA element of E-
box or p53 binding site. Oncogene, 18: 4137-4143.

114



Tajima, K., Inoue, M., Takezaki, T., Ito, M., Ito, S.1. (1994) Ethnoepidemiology of ATL in Japan
with special reference to the Mongoloid dispersal. In: Takatsuki K (ed.) Adult T-cell
Leukaemia, Oxford, Oxford University Press, pp. 91-112.

Tajima, K., Kuroishi, T. (1985) Estimation of rate of incidence of ATL among ATLV (HTLV-I)
carriers in Kyushu, Japan. Jpn. J. Clin. Oncol., 15: 423-430.

Takeda, S., Maeda, M., Morikawa, S., Taniguchi, Y., Yasunaga, J., Nosaka, K., Tanaka, Y.,
Matsuoka, M. (2004) Genetic and epigenetic inactivation of tax gene in adult T-cell leukemia
cells. Int. J. Cancer, 109: 559-567.

Takemoto, S., Matsuoka, M., Yamaguchi, K., Takatsuki, K. (1994) A novel diagnostic method of
adult T-cell leukemia: monoclonal integration of human T-cell lymphotropic virus type I
provirus DNA detected by inverse polymerase chain reaction. Blood, 84: 3080-3085.

Takemoto, S., Mulloy, J.C., Cereseto, A., Migone, T.S., Patel, B.K., Matsuoka, M., Yamaguchi,
K., Takatsuki, K., Kamihira, S., White, J.D., Leonard, W.J., Waldmann, T., Franchini, G.
(1997) Proliferation of adult T-cell leukemia/lymphoma cells is associated with the
constitutive activation of JAK/STAT proteins. Proc.Natl. Acad. Sci. USA, 94: 13897-13902.

Takemoto, S., Trovato, R., Cereseto, A., Nicot, C., Kislyakova, T., Casareto, L., Waldmann, T.,
Torelli, G., Franchini, G. (2000) p53 stabilization and functional impairment in the absence of
genetic mutation or the alteration of the pl4(ARF)-MDM?2 loop in ex vivo and cultured adult
T-cell leukemia/lymphoma cells. Blood, 95: 3939-3944.

Tatcno, M., Kondo, N., Iboh, T., Chubachi, T., Togashi, T., Yoshiki, T. (1984) Rat lymphoid cell
lines with human T-cell leukemia virus type | production: Biological and serological
characterization. J. Exp. Med., 159: 1105-1116.

Tie, F., Adya, N., Greene, W.C., Giam, C.-Z. (1996) Interaction of the human T-lymphotropic
virus type 1 Tax dimer with CREB and the viral 21-base-pair repeat. J. Virol., 70: 8368-8374.

Tomsons, V., Chernobayeva, L., Kozireva, S., Konicheva, V., Peregudova, J., Murovska, M.,
Tikchomirova, L. (1993) An expression of specific RNA in cell cultures with integrated
asRNA gene and its possible correlation with inhibition of BLV reproduction. Biopolymers
and cells, 9:59-62 (in Russian).

Trentin, B., Rebeyrotte, N., Mamoun, R.Z. (1998) Human T-cell leukemia virus type 1 reverse
transcriptase (RT) originates from the pro and pol open reading frames and requires the
presence of RT-RNase H (RH) and RT-RH-integrase proteins for its activity. J. Virol., 72:
6504-6510.

Trovato, R., Cereseto, A., Takemoto, S., Gessain, A., Watanabe, T., Waldmann, T., Franchini, G.
(2000) Deletion of the pl16™** gene in ex vivo acute adult T cell lymphoma/leukemia cells
and methylation of the p16™~** promoter in HTLV type I-infected T cell lines. AIDS Res.

Hum. Retroviruses, 16: 709-713.



Uchiyama, T., Yodoi, J., Sagawa K., Takatsuki, K., Uchino, H. (1977) Adult T-cell leukemia:
clinical and hematologic features of 16 cases. Blood, 50: 481-492.

Umehara, F., Izumo, S., Ronquilio, A.T., Matsumuro, K., Sato, E., Osame, M. (1994) Cytokine
expression in the spinal cord lesions in HTLV-I-associated myelopathy. J. Neuropathol. Exp.
Neurol., 53: 72-77.

Vandamme, A.-M., Van Laethem, K., Liu, H.-F., Van Brussel, M., Delaporte, E., de Castro
Costo, C. M., Fleisher, C., Taylor, G., Bertazzoni, U., Desmyter, J., Goubau, P. (1997) Use of
a generic polymerase chain reaction assay detecting human T-lymphotropic virus (HTLV)
type I, II and divergent simian strains in the evaluation of individuals with indeterminate
HTLV serology. J Med Virol, 52: 1-7.

Vandamme, A.-M., Fransen, K., Debaiseiux, L., Marissens, D., Sprecher, S., Vaira, D,
Vanderbroucke, A. T., Verhofstede, C. (1995) Standardisations of primers and an algorithm
for HIV-1 diagnostic PCR evaluated in patients harbouring strains of diverse geographical
origin. J. Virol. Methods, 51: 305-316.

Vanden Driessche, T., Chuah, M.K.L., Chiang, L., Chang, H.-K., Ensoli, B., Morgan, R.A.
(1995) Inhibition of clinical human immunodeficiency virus (HIV) type 1 isolates in primary
CD4+ T lymphocytes by retroviral vectors expressing anti-HIV genes. J. Virol., 69: 4045-
4053.

Varga, L. V., Toth, S., Novak, 1., Falus, A. (1999) Antisense strategies: functions and
applications in immunology. Immunol. Lett., 69: 217-224.

Vine, A.M., Heaps, A.G., Kaftantzi, L., Mosley, A., Asquith, B., Witkover, A., Thompson, G.,
Saito, M., Goon, P.K., Carr, L., Martinez-Murillo, F., Taylor, G.P., Bangham, C.R. (2004)
The role of CTLs in persistent viral infection: cytolytic gene expression in CD8+ lymphocytes
distinguishes between individuals with a high or low proviral load of human T cell
lymphotropic virus type 1. J. Immunol., 173: 5121-5129.

Vine, A M., Witkover, A.D., Lloyd, A.L., Jeffery, K.J., Siddiqui, A., Marshall, S.E., Bunce, M.,
Eiraku, N., Izumo, S., Usuku, K., Osame, M., Bangham, C.R. (2002) Polygenic control of
human T lymphotropic virus type [ (HTLV-I) provirus load and the risk of HTLV-I-
associated myelopathy/tropical spastic paraparesis. J. Infect. Dis., 186: 932-939.

Von Ruden, T., Gilboa, E. (1989) Inhibition of human T-cell leukemia virus type I replication in
primary human T cells that express antisense RNA. J. Virol., 63: 677-682.

Weiss, B., Davidkova, G., Zhou, L.W. (1999) Antisense RNA gene therapy for studying and
modulating biological processes. Cell Mol Life Sci; 55: 334-358.

Weiss, R. (1984) Tissue-specific transformation by human T-cell leukemia virus. Nature, 110:

273-274.

116



Wessner, R., Wigdhal, B. (1997) AP-1 derived from mature monocytes and astrocytes
preferentially interacts with the HTLV-I promoter central 21 bp repeat. Leukemia, Suppl. 3:
21-24.

Whitton, J. L. (1994) Antisense treatment of viral infection. Advances in virus research, 44:
267-303.

Wu, K., Bottazzi, M.E., de la Fuente, C., Deng, L., Gitlin, S.D., Maddukuri, A., Dadgar, S., Li,
H., Vertes, A., Pumfery, A., Kashanchi, F. (2004) Protein profile of tax-associated complexes.
J. Biol. Chem., 279: 495-508.

Wycuff, D.R., Yanites, H.L., Marriott, S.J. (2004) Identification of a functional serum response
element in the HTLV-1 LTR. Virology, 324:540-553.

Xing, H.C., Xu, X.Y., Liu, Z., Wang, Q.H., Yu, M., Si, C,W. (2004) Down-regulation of
CXCR(4) expression in MT4 cells by recombinant vector expressing antisense RNA to
CXCR(4) and its potential anti-HIV-1 effect. Jpn. J. Infect. Dis., 57: 91-96.

Xu, R., Cai, K., Zheng, D., Ma, H., Xu, S., Fan, S.T. (2003) Molecular therapeutics of HBV.
Curr. Gene Ther., 3: 341-355.

Yamada, Y., Kamihira, S., Murata, K., Yamamura, M., Maeda, T., Tsukasaki, K., Jubashi, T.,
Atogami, S., Sohda, H., Taguchi, T., Tomonaga, M. (1997) Frequent hepatic involvement in
adult T cell leukaemia: comparison with non-Hodgkin’s lymphoma. Leuk. Lymphoma, 26:
327-335.

Yamada, Y., Tomonaga, M. (2003) The current status of therapy for adult T-cell leukaemia-
lymphoma in Japan. Leuk. Lymphoma, 44: 611-618.

Yamamoto, N., Hinuma, Y. (1985) Viral aetiology of adult T-cell leukemia. J.Gen. Virol., 66:
1641-1660.

Yamashita, 1., Katamine, S., Moriuchi, R., Nakamura, Y., Miyamoto, T., Eguchi, K., Nagataki,
S. (1994) Transactivation of the human interleukin-6 gene by human T-lymphotropic virus
type 1 Tax protein. Blood, 84: 1573-1578.

Yao, J. and Wigdahl, B. (2001) Human T cell lymphotropic virus type I genomic expression and
impact on intracellular signalling pathways during neurodegenerative disease and leukemia.
Frontiers in Bioscience, 5: 138-168.

Yodoi, J., Uchiyama, T. (1992) Diseases associated with HTLV-I: virus, IL-2 receptor
dysregulation and redox regulation. Immunology Today, 13: 405-410.

Yoshida, M. (2001), Multiple viral strategies of HTLV-1 for dysregulation of cell growth
control. Annu. Rev. Immunol., 19: 475-496.

Yoshida, M., Miyoshi, I.. Hinuma, Y. (1982) Isolation and characterization of retrovirus from
cell lines of human adult T-cell leukemia and its implication in the disease. Proc. Natl. Acad.

Sci. USA, 79: 2031-2035.

117



Yoshida, M., Seiki, M., Yamaguchi, K., Takatsuki, K. (1994) Monoclonal integration of human
T-cell leukemia provirus in all primary tumors of adult T-cell leukemia suggests a causative
role of human T-cell leukemia virus in the disease. Proc. Natl. Acad. Sci. USA, 81: 2534-
2537.

Youn, H.G., Matsumoto, J., Tanaka, Y., Shimotohno, K. (2003) SR-related protein
TAXREB803/SRL300 is an important cellular factor for the transactivational function of
human T-cell lymphotropic virus type 1 Tax. J. Virol., 77: 10015-10027.

Younis, I., Khair, L., Dundr, M., Lairmore, M.D., Franchini, G., Green, P.L. (2004) Repression
of human T-cell leukemia virus type 1 and type 2 replication by a viral mRNA-encoded
posttranscriptional regulator. J. Virol., 78: 11077-11083.

Yuan, J., Cheung, P.K., Zhang, H.M., Chau, D., Yang, D. (2005) Inhibition of Coxsackievirus
B3 replication by small interfering RNAs requires perfect sequence match in the central
region of the viral positive strand. J. Virol., 79: 2151-2159.

Zamore, P.D. (2001) RNA interference: listening to the sound of silence. Nature Struct. Bio., 8:
746-750.

Zhang, J., Yamada, O., Sakamoto, T., Yoshida, H., Iwai, T., Matsushita, Y., Shimamura, H.,
Araki, H., Shimotohno, K. (2004) Down-regulation of viral replication by adenoviral-
mediated expression of siRNA against cellular cofactors for hepatitis C virus. Virology, 320:

135-143.



BJIMSTHUE T'EHOB acPHK U IOCJIEJOBATEJIBHOCTEM
«JIOBYHIKH» BUPYCHOI'O TPAHCAKTUBATOPA HA CUHTE3 PHK
HTLV-I
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PE3IOME

3HauumenvHoe  KOAUYECMBO  HAYYHbLIX  NYOIUKAYUll  NOCEAUEHHBIX
UHUOUPOBAHUIO BUPYCHOU pennukayuu ¢ nomouvio 2enos acPHK nokaszvieaem,
Ymo 3mom NoOX00 SBNSeMCS NO-NPEHCHEMY AKMYANbHbIM Ol 2eHHOU mepanuu
supycHuix uHgexkyuu. [Ina usyyeHus: 803MONCHOCMU NOOABNEHUS PeNnpOOYKYUU
supyca HTLV-I acPHK Hamu 0vbn co30an psd peKoMOUHAHMHBIX NIA3MUO,
cooepxcawux 2etvl acPHK nanpaenennvie k USLTR u pX obnacmsam HTLV-I kak
noO KOHmMpoleM npomomopa eupyca muenonponugepamusrou capkomwl (MPSV),
mak u 6e3 ne2o. Memooom cmabuneHoU Kalbyuu-pocpamuoi mpavcgexyuu c
nocneoyrowen cenrexkyueu 6 npucymcemeuu G-418 bvinu nonyuenvl KiemouHwvle
K1OHbL Ha ocHose aunuu RaHOS, necywue e monvko cenvl acPHK, Ho u

nocneoo8amelbHOCmu, cnocobuwvie cB53b168aMb cobcmeeHHbill
mpancakmugamopHuiti  6enrox  HTLV-I,  m.e.  «108ywKy»  6uUpycHozo
mpancaxkmusamopa (J/IBT). Cyos no oanHeiM 00m-2ubpuou3ayuoOHHO20 aHaIU3a
eupychou  PHK, gbl0eneHHol U3 KlemouHmulx — k10Ho8  RaHOS,

nocneoosamenvHocmu JIBT cnocobuer nodaensime cunmes eupycHvix PHK Ha
90%, 6 mo epems kax acPHK nanpasnenreie k obnacmu pX na 50%.

EFFECT OF ANTISENSE RNA AND “TRAP” FOR VIRAL
TRANSACTIVATOR ON HTLV-1 RNA SYNTHESIS
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SUMMARY

A number of scientific publications devoted to the inhibition of viral replication by
complementary addressed polynucleotides (antisense RNA and DNA, ribozvmes,
etc.) have clearly showed that this approach still remains one of preferred ones in
the gene therapy of viral infections. To investigate an inhibition possibility of
HTLV-I replication by antisense RNA (asRNA) we have constructed recombinant
plasmids containing asRNA genes targeted to U3 LTR and pX regions under
control of myeloproliferative sarcoma virus (MPSV) promoter and enhancer
sequence recognized by viral transactivator Tax —* trap” of viral transactivator
(TVT). The constructs were transfected into HTLV-I-infected monolayer cell line
RaHOS and cell clones, carrying the introduced constructs were established.
According to dot-hybridization analysis of viral RNA, TVT sequence decreases the
level of HTLV-I RNA synthesis about 90% and asRNA gene targeted to pX region
about 50%.

BBEJEHHE

T-mumborponnsiii Bupyc 4uyenoBeka 1 Ttuma (HTLV-I) sBusercs
OHKOT€HHBIM PETPOBHPYCOM, CIOCOOHBIM BBI3BIBATH JIEHKO3bI/TUMPOMBI Y
HHOQHUIMPOBAHHBIX JIOJEH MOCIAE€ [UIMTEJbHOrO JAaTEHTHOro mnepuoja. [-
KJIETOYHBIH  Jeiiko3  B3pocibix (ATL), BBI3BIBAEMBIH  3THUM  BHPYCOM,
XapakTepU3yeTCs 3JOKAYECTBEHHBIM TEYCHHUEM M PAIOM [PYTHX KIMHUYECKHUX
ocobennocrert (1, 2). IloMmumo oOHKoOJOrHYecKUX 3a00/E€BaHUH, 3TOT BHUPYC
cnocoben Be3biBaTh HTLV-I-accoumupoBanHyo MHENONATHIO, U3BECTHYIO TAKXKE
kak Tponuyeckudt cnactudeckuit mnapanape3s (TSP) (3,4), wu npyrue
HEBpOJIOrUYECKUEe paccTpoicrBa (5,6), a TaKe UENbIH Pl BOCMAIUTEIBLHO-
J€reHePaTUBHBIX 3aboneBanuii (MHO3UTHI, YBEHUTHI, JIepMaTHUTHI,
OpOHXOMHEBMOHHH U T.11.) (7).

Wnounuposanue HTLV-I He npuBOAMT K OTHOCHTENBHO OBICTPOMY
Pa3BUTHIO KaKoro-mobo 3abosieBanus, Kak B caydae BUY-undpexunn. OT MOMeHTa
HHQULUUPOBAaHUA [0 BO3HHUKHOBEHMSA, Hanpumep, [-KiIeToyHoro Jneiko3a
B3pocierx npoxoaut ot 10 qo 50 ner. Ilpu 3ToM TO/BKO 1-2 yenoBeka Ha 1000
UHOUIHPOBaHHBIX “MOXUBAOT B Anmonuu, snnemuynoM ant HTLV-I paitone, 0o
Pa3BUTHS Y HUX T-KI€TOYHOrO JieHKo3a/ THMQOMBI.

B neuenun 3abosieBanuii, cesa3anupx ¢ HIL V-1, mupoko npumensior
HHTCHCUBHYIO NOJIMXUMHOTEPAIIHIO, KOMOMHAaUHIO MPOU3BOIHBIX
aHTHPETPOBUPYCHOTO areHTa asuaoTuMuavHa (AZT) c¢ o-uHTepdepoHOM,
TpaHCpETHHOEBYW KkucaoTy. Ho, HecMoTps Ha 9370, HOOMTBCA CTOMKOTO
pesyibTaTa B JIEUEHHH HE YJa€TCs; pa3BUBAETCA PE3UCTCHTHOCTH K
XUMUOTEpANHHU, HMMYHOJETIpeCCHsi M IpPOrHO3 Ul OOJBHBIX 4Yalle BCETO
HeOmaronpusaTeH. IIponomKUTENbHOCTh KH3HH OOJBHOTO B OCTpPOH CTaauH
3a0o/icBaHMs TIpH HMHTEHCHUBHOH XUMMOTEpallMM He npesblinacT 10 Mecsues.



IMosToMy octaerca mpobieMa moucka MPUHIIMIKAILHO HOBBIX MPENapaToB i
neyenus 3aboneaHui, cBa3aHHbIX ¢ HTL V-I-undekuuei.

OnHUM M3 LIUPOKO HCCIEXYeMbIX 3a mociemHde 20 JieT HanpaBieHHW B
J€YCHUHM BHUPYCHBIX 3a00JieBaHMil, ABNACTCS TEeHHAs Tepanus C [OMOIUBIO
KOMILIEMEHTapHO-aApecoBaHHbIX NoMHYKiIeoTHAOB (KAIT). KAII npeacraBastor
co6oit antucMeiciioBsle PHK (acPHK), pu60o3uMsl, CHHTE3UpOBaHHBIE XHMHYECKH
AQHTHCMBICIIOBBIE  OJIMTOJE30KCHHYKJIEOTHAHl M T.A. Ocolyw  LIEHHOCTH
KOMILJIMMEHTAPHBIM IIOJIMHYKJIEOTHAAM KaK MOTEHIHATHHBIM TepaneBTHYECKUM
areHTaMm IpUJaeT UX [paKTH4YeCKH abcoioTHas cneuuuYHOCTh H, BHIMMO,
HH3Kasg TOKCHYHOCTH (4). KpoMe TOro, BO3MOXXHO CO34aHHE peKOMOHHAHTHBIX
MIasMUI C alOUTHUBHBIM 3(pdekToM u TkaHecneuuduuHoctbio. acPHK Opun
NPEJUIOXKEHbl B KAayeCTBE IOTEHUHAIBHBIX TEPAllEBTUUECKUX AareHTOB JJIA
NIPOUIAKTHKH U JieueHus paja 3aboneBannii. HeckodbkMMHU aBTOpamMu rnokasaHa
cnocobHocTh acPHK MHrHOMpOBaThpenpodyKIHMIO CJEIYyIOmUX BHpycoB: RSV
(9,10), AdS (11), BLV (12), HIV (13), SIV (14), FIV (15), HBV (16).

Eme omHuM areHTOM, HanpaBlIEHHbIM Ha IMOJABICHHE BHPYCHOM
penpoaykimy, sBisnorcs JIHK-nocnenoBarensHOCTH «JIOBYIIEK» BUPYCHBIX
tpaHcakTuBaTopoB (JIBT). Dddext ux nefictBus ObLT paccMOTpEH HAMHU paHee Ha
NpUMepe IOJaBICHUS PEIUIMKAllMM BHpyca JIeHKo3a KPYIHOro pOraTtoro ckora
(BLV) (17). Takum obpa3om, nsydenue BmsHus acPHK u nocnenoBatenbHocTEH
JIBT na cunte3 PHK HTL V-1 sBisercs akTyanbHO# 3afadeit B pa3paboTke HOBBIX
noxxoaoB K neyenuto HTL V-I-accouunpoBanHbIX 3a601eBaHuUH.

Ilear Hacrosmeit paborel - u3ydeHue UHrubupyromero nedicteus acPHK.
HampaBJeHHBIX Ha pas3auuHble obmactu  remoma HTLV-I u  JHK-
nocienosarensHocTeit JIBT Ha cunTe3 BupycHo# PHK, a Takxke uX aqauTUBHOTO
s¢pdekra B KynbType knerok RaHOS, He Tonpko coaepxamedl HHTErpHpOBaHHBIN
nposupyc HTLV-I, Ho 1 3KcnpeccupyoLICH BUPYCHBIE AHTHTEHBI.

MATEPHAJIBI H METO/IBL.

Mamepuanvi. B paboTe 6b1/M HCITOJIb30BaHH 1abopaTopHble ITaMMBl E. coli
DH5a, JM109, XL 1-blue. [ns BeipamuBaHusg OakTepud ObUIH HCMOJIB30BaHbI
cpennt LB, SOB u SOC. KnonnpoBanue (pparMeHTOB pETPOBUPYCHOTO TeHOMa
HPOBOMMIM C TMOMOUIBIO CICAYWIIMX IUIa3MHIHBIX BeKTopoB: pGEMS5Zf+
(Promega, USA), pBluescript KS™ (*Stratagene™), pekoMOMHaHTHOH IJIa3MHUIbI
pMPSVEH, mo6e3Ho npeaocTaBieHHo# a-p Artelt u miasmuasl pCO21, mobe3Ho
npenocrasienHoi O.A. [lasmm (MucTuTy T Kanueporenesa PAMH, Mocksa).

Ipy mpoBeNeHHH IKCNIEPUMEHTOB OBLIM MCHOJIb30BaHBI KIECTOYHBIE JIMHHH
HOS u RaHOS., mobe3Ho mnpenoctaBiaeHHble A-p M.Myposcka. Jluaus HOS
IIpeACTaBIsAeT COOON KJIETKH OCTEOCAPKOMBI YE/IOBEKA M ABJIACTCA IIEPMHMCCHBHOM
ans  pewmkaupy  HTLV-1. Jlumma RaHOS nomywena B pesynsrate
coxkynbTuBHpoBanus JMHHH HOS ¢ KyabTypoit nedKouMToB Kpoiuka Ra-1,
npogyuupyromeit HTLV-I.  JIna KyJIbTHBMpOBaHHS  KIETOK  IPUMEHSIH
cieayromue nuratenbHele cpeasl: DMEM  (“HyClone™, CIIA) 1 DMEM/F12



(npousBoactea MIIBIL. MockBa), conepxasmue 10% >MOpHOHANBHYIO
CBIBOPOTKY KpynHoro poraroro ckora (FBS) (bemopycckuit wunctuTyT
MHUKpoOuosiorud, MuHcK).
Memooei.

Bce reHHO-HHKeHEepHbIE MAHUITYJIUMH NPU MOJYYSHHH PEKOMOMHAHTHBIX
M1a3MUJI DPOBOAMIIM 110 CTaHAAPTHBHIM ITpoTokoJiaM (18).

DIEKTPOHHAS MUKPOCKOIIHUS

Knetouynsii MoHOcHoU ¢uxcupoBamu 2,5% 3a0ydepeHHBIM Ty TapOBBIM
anpAeruaoM 4 daca ¢ nocneayrouiei nodukcamueit 1% OsO, B TeueHHe 2 4acos,
3a7MBajlM B CMECh OJIOH-apaIIUT. YJIBTPAaTOHKHE Cpe3bl KOHTPACTHPOBAIIH
ypaHUJaUeTaTOM M HIWUTpaTOM CBUHIA, HaOmonanmu u dororpadupoBam B
3JIEKTPOHHOM MHKpockorte Xutaun H-500.

Tpancdekius, cenekuus 1 KJIOHHPOBAaHUE KIIETOK

Knerounste maaum HOS u RaHOS BeipammuBamuce Ha cpene MEM
momupuiuposanHoit lansbexo (IAMEM) ¢ npobaBiaenueM 10% cCHIBOpOTKH
amMOpuoHoB KopoB (FBS), renHtamunmHa W amM@orepHiiHa 10 KOHEYHOH
KoHUeHTpauuu 50 Mxr/mn u 2,5 MKI/MJI COOTBETCTBEHHO MpH 37°C u nipu 5%
CO,. CyOkynpTHBHpPOBaHHE NMPOBOJIIM IIyTeM 00pabOTKH KIETOYHOrO0 MOHOCJION
cmecsio  0,0025% pactBOopa TpumcuHa W pacTBopa BepceHa B paBHOM
COOTHOILIEHUH TIPH 37°C B Teuennu 10-15 MuH. ¢ [IPEJBAPUTENLHON 3-X KpaTHOMU
OTMBIBKOH M C MOCIEAYIOMNM pecycIeHadpoBanueM B 5-1,0 Mi1 pocToBOil cpebl.
3areM KOIHWYECTBO KJIETOK ONpeAeiaiM MOACYETOM B KaMepe [ opsieBa H BeiceBaJIH
pH 60Jice HU3KUX KOHLECHTpAITUAX.

IlepeHoc 4y epOIHBIX T€HOB B KJIETKH MJIEKONHTAIOIUX OCYLIECTBISICS
MetoznoM Ca-docdarnoit mpeuunuranuu no Graham [19].

Cenexuus xierok COS-I Ha cpene ¢ HEOMHIIMHOM ITPOBOAMIIH CJIETYIOIIUAM

obpazom.
Yepes 24 yaca nocie TpaHceKIy KJICTKH NIEpeHOCHIM ¢ 6 ¢M yarek Ha ase 10
cMm vamku llerpu, conepxamue B cpeae G-418. CenekTHBHast KOHUEHTpaius
reHeTUulMHa Obula nmoxoOpaHa SMIUpHYECKH paHee H cocTaBisiaa 400 Mkr/MiL
CMeHy pOCTOBOHM CEJICKTUBHOM Cpelbl MPOMW3BOJMIIM 4epe3 Kaxible 2-3 JHSA.
Yepes 10-14 el morydyeHHbIE KIETOYHBIE JIMHUM CyOmaccHpoBaM TPHWXKABI HA
CEJICKTHBHOM CpeJie ¥ IIEPEBOIUIM Ha OOBIYHYI0 POCTOBYIO CPELY.

Brioenenne JTHK u PHK u3 xneroxk.

MoHOC/ION KIETOK ¢ ABYX KyJIbTYpPaidbHbIX (DJIAKOHOB pasMmepoMm 25 oM’
cHuMaiu ob6pabotkoit cMechro 0,25% tpuncuda, 1MM 3JITA u PBS, asaxmb
ot™bIBasH PBS u nusuposanu B 350 mxa 6ydepHoro pactBopa. coaepskapuiero S50
MM Tpuc-HCI (pH 8.0), 100 MM BITA. 100 MM NaCl, 0,01% SDS u 100 Mxr/mi



nporenHasel K. Jlanee k sm3ary npobGaenmsiam  paBHBIA  0o0beM  ¢eHOINa,
HaceieHHoro Tpuc-HCl (pH 8.0). Ilpo6wei uentpudyruposanu mnpu 15000
0o6/MuH 5 MuUHYT. Hajgocano4Hyio XXMIKOCTh OTOHpai¥ B YUCThiE TPOOHPKH H
TIPOBOOWIM 3KCTPAKUUIO LIEHTPUGYTHPOBAHUEM C PaBHBIM KOJMUYECTBOM CMECH
denos/xnopodopm Ha 15000 06/MuH B TeueHue 5 MHHYT. BHOBL Ha/0caI09HYIO
KUIAKOCTE OTOMpalli B 4YMCTblE NOpOOMpPKH, n00GaBIAIM paBHBIH 00BEM
xnopodopMa U HEHTPHGYTHPOBAIH NPH PaHEE OMUCAHHBIX YCI0BUAX. OcakeHHE
JIHK u3 Hamocago4HOH JKHIKOCTH TPOBOIMIM XOJOIHBIM 3TaHolom 96° B
npucyTcTBuM aerara Harpua. Ocagok JIHK pactBopsiiu B GydepHoM pacTBope
TE, no6assamm 1 Mxn PHKa3e1r A B koHUeHTpauuu |MKI/MI U MHKYOHpOBAJIM B
teuenue 30 MunyT rpu temneparype 37°C.

I Beiaenenuss PHK knetodHbldi M3aT pacTBOpsAIM B paBHOM o0beme
IyaHUJUHTHOI[HOHATA. 3ateM IpPOBOIUIA IKCTPaKIIHIO CMECHIO
dbeHon/xnopoopM U ABKIB XJIOPOHOPMOM NPHU pAHEE OMUCAHHBIX VCIIOBUAX.
Ocaxnenne PHK npoBoaumm nakyO6anuei HanocagouHol xuakoctu ¢ § M LiCl B
KOJIMYECTBE TPETH OT MCXOJHOro obOneMa B TeueHHe 12-14 yacoB 1ipH
temneparype 4°C 1 nociaenyromem ueHTpudyruposanuu Ha 15000 06/MuH. 3aTem
0CaJIoK nipoMbIBaJIH pactBopom 2M LiCl.

Jot- rubpummzaimonsbiit anamis JJHK-PHK.

Jns npoBeaeHHs NOT-TUOpHAM3ALNM TOTOBHIM PaAMOAKTUBHO MEYEHbIN
3o ¢ mnomompbio [IIP npu wucnonp3oBaHun crneuuduunbix ams HTLV-I
mpaiimepos  (MP0O1, MM2, PX) c¢ noGaBieHHEM B pPEaKLMOHHYIO CMECh
o *PIATO. [Ipn nposeaenuu I[P B KkauecTBe MaTpHIbl HCMNOIL30BAIH
naasMHIBl CO BcTpoeHHbIMH B HUX ¢parmentamu [IHK HTLV-I: pMHTs n
pMP1100as. B kadecTBe MNOJOKUTEIBHOIO KOHTPOJI MNPOXOXKACHHSA peaKUuu
KCTIONIB30BAIM [MOJIHOpa3MepHbid BuUpycHbIi reHoM HTLV-I, BbipesaHHblli u3
mwiasmMuabl  pMT-2. Hapsany ¢ aHanM3upyeMbIMM  KJIETOYHBIMH  JIMHHSAMH
ucnonp3oBand ucxoanele guHud HOS u Ra-HOS B kauecTBe KOHTpOJIEH.
W3mepenue curHana npoBoawau paaunoadrorpadueit. IlomyveHHbie NaHHBIE
nepeBoalyM B KonudectBeHHbld skBuBaieHT JIHK wmmm PHK ¢ momomsio
nporpammel “LabWorks™ (Bio-Rad Laboratories).

Y cnoBus NpoBeIeHHS TOJTMMEPA3HOM LIEMHOH peaKuuy.

B peakuusx ucnoaszosaau 10X 6ydep ans IHP: 500 MM KCL, 100 MM
Tpuc-HCL, pH 8.4, 25 MM MgCL,; 10X dNTP: no 2 mM dATP, dCTP, dGTP.
dTTP; npaiimepsl mo 20-100 nMo/1b KaXI0r0 Ha PEAKLHIO: TEPMOCTAOHIIbHYIO
Tag-nommmepasy M3 pacueta 1 ex. ¢depmenta Ha 1 mxr JIHK. uccrexyemsie
o6pasusl [IHK u MuHepaibHOE Maclio.

Jlnvna mpaiiMepoB coctaBisia 20 HyKI€OTHAOB. B Xone npoBeneHHs paboThI
ObLIM KCIIOJB30BaHbI creaytomue npaimepel: MPO1 ccc-aag-gac-ctg-aad-tga-cc;
PX02 aaa-cag-tcc-tcg-ggt-aga-at; MM agg-acg-gct-tga-caa-aca-tg; MM2 tct-atc-
gga-gga-ctg-gcg-cg; MM3 aaa-cat-ttc-cgt-gaa-aca-ga; MM4 ggg-agg-aaa-tgg-gte-



gtt-cc, kommepueckue rnpaiimepsl Forvard u Revers mns T7 u Sp6 mpomoTtopos
¢ara M13 (Promega).

Pacuer TemmepaTypsl OTKMra MHpOBOIWICS MO CTAHAAPTHOW METOIUKE:
4°C*(G+C)+2°C*(A+T)-5. Jlenarypauus asyxuenodeqnoi JITHK npoxomuna mpu
94°C B teuenue 30 cexyHna. JIMTENBHOCTH LUKIOB OTXHra cocrasisia 30-60
CeKyHA. JUTMTENbHOCTh MKJIA JIOHTALMU ONPEACIIsId B 3aBUCUMOCTH OT JUIMHBI
oxxkumaemoro ammupukara w3 pacyera 1 muHyta Ha 1000 HYKJI€OTHIOB U
nposoxum npu 72°C.

O0beM peakiHOHHON cMecu cocTaBiasn 25-50 Mk, W3 HUX 1-2 MK
npuxoawiocs Ha JIHK. Peakuus npoxoamna B aBTOMAaTUYECKOM YCTPOMCTBE
"Tepuuk" (/lua-M, Poccus) ais npoBeIeHUS HEMHONW peaKlUud MOJIUMEPU3ALUHN C
yaacteMm Taqg-noimmepassl.



PE3Y/IBTATHI H OBCYK/IEHHE.

KonctpynpoBanue pekoMOWHAHTHBIX nmasMHa ¢ redamu  acPHK
OCHOBBIBAECTCA HA [BYX TNpUHLUNAX. [lepBblii - BHIGOP B BHPYCHOM TreHOME
ONTUMAJILHOW MulIeHH 1 aedictBus acPHK. Kak npasuiio, MUIIEHSIMH CTyXaT
T€HBl DEryJATOPHBIX O€NKkoB, 00JaCTH, OTBETCTBEHHBIE 3a TPAHCKPHUIILHIO
BupycHoit PHK, 3a skcnpeccuro MOBEpXHOCTHOrO aHTUreHa W T.4.. Bropoit -
BbIOOp CHJIBHOTO KOHCTHTYTHBHOIO TPOMOTOpPA LI JKCIIPECCHM ITHX TEHOB.
BhiiensnoKeHHble  NMpUHUUOBL  ObUIH  IHOJIOKEHBI B OCHOBY IMOJy4E€HHS
PEKOMOHMHAHTHBIX MJIa3MUI.

Koucmpyuposanue peKoMOUHAHMHbIX __N1A3MUO, COOEPHCAU{UX _2€HbI
acPHK.

Cyas mno wumerommmcs jgasHbiM o HTLV-I m HekoTopslx apyrux
perpoBHpycax, ynooHoi Mumensro 114 acPHK sasnserca Us obaacts LTR HTLV-
[. Bo-nmepBbix, OHa HrpaeT BaAKHYK poOJb B IIPOLECCE TPaHCAKTUBALMH
NPOBHPYCHOM aKTHUBHOCTH, BO-BTOPBIX, Y4acTBYET B pelumkauud resoma HTLV-
I. JIpyro# unrepecHoit MumeHbro ana aciicteus acPHK saBmgercs obnacte pX,
Koaupyromas peryaiaropuble Oemxu Tax u Rex. B murteparype onmcasl
skcepuMeHTHl mo BiausHuio acPHK Ha Tpancdopmupyromyo cnoco6HOCTH
HTLV-I B nepeuunbix T-mumdornrax yenoseka. B atux skcnepumenrax acPHK
ObUTH HampaBieHbl K o0nactd pX WM K CiS-IeHCTBYIOMIEMY JJIEMEHTY Ha 5°
konue BupycHoil PHK (20). B mpyrux pabGortax Obulo MNoOKa3aHO AeHCTBHE
puOO3UMOB ¥ OJIUIOJE30KCUHYKIIEOTHAOB Ha penpoaykuuio Bupyca HTLV-I B
KYJbType KJICTOK. BBUIO BBIACHEHO. YTO HauOosiee ONTHMAIbHOH MHLICHBIO IS
JIEACTBHS aHTHCMBICJIOBBIX OJIMTOAE30KCUHYKJIEOTHAOB Obljla 0051acTh T'eHa env
(21). Ins BLV onTHManpHOH MHLIEHBXO [UIA NEHCTBUS aHTHCMBICIOBBIX PHK
okazasics yyacTok R obmactu BupycHoro LTR, nepexpbiBaroluuii JOHOPHBIH caiT
crutaficudra mit Beex cyoreHomubrx BupycHeix MPHK (22). Ilepen namu crosna
3a7a4ya MOJY4YHTh peKoMOHHaHTHBIE I1a3MHabI ¢ reHamu acPHK, HanpasneHHbIMH
K obmactam U; u pX u npoBepuTh ux AevictBue Ha cuHTe3 PHK HTLV-I B
YCIOBHSAX KJIETOYHO-KYIbTYypaIbHOH MOAENH HHAEKIIHH.

B kauectBe ucTOyHHKa (parmMeHTOB g reHoB acPHK Obuim B3gTHI
nnasmuasl pMT-2, conepkamas nmoaHopasmepHsiil resom HTLV-I, u pCO-12-20,
cogepxkamas obnacte pX. B xauecTBe BekTOpa Oblla MCHONB30BaHA IUIA3MHMIA
pMPSVEH, coaepxainas MpOMOTOp BHPYCa MHUENONPOU(EPATHUBHON CapKOMBbI
yenoBeka (MPSV). Bubop MPSV npomoTopa 00yCIOBJIEH TEM, YTO OH, Cy[s MO
JIUTEPATYPHBIM JaHHBIM, CIOCOOEH 00ecTieYnBaTh 3HAYMTEIBHBIH YPOBEHb [€HHOM
Jkcrpeccud B GuOpobIacTax, KIETKaX MHEJIOHIHOTO ¥ JTUMQOHIHOTO psaja Mo
CPaBHEHMIO C JPYTMMH IPOMOTOPaMM, TAKAMH Kak paHHHHd npomotop SV40 u
TpaHc-akTHBUpYeMblii npomoTtop HIV (23).

B xoze nponenaHHod pabGoTel ObUIM TOMYYEHBI CIICAYIOLIME TEHHO-




WH)KEHEPHBblE KOHCTpYKUMH. [lepBas KOHCTpYKHHSA COAEPXKUT OOJBIIYIO YacThb
obnactu pX (7283 m.o. - 8308 m.o.), BcTpoenHyw B mnasmuxy pMPSVEH B
00paTHOH opueHTauuu 1o oTHomeHHIo K MPSV npomoropy. [li1a aToro mia3smuna
pCO-12-20, conepxamias obnactb pX, Oblna oOpaboTaHa pPECTPUKIIHOHHBLIMU
snonykieaszamu EcoRl u Pstl. IloxydenHsiii pparment, pasmepom 1100 m.o.,
6611 BcTaBiieH B miasmMuay pBluescript KS™ nmo caiitam pectpuxumu EcoRI u Pstl
(xoncTpykuus pB1100). Or60op pekoMOHMHAHTHBIX IUIa3MHJ Ha 3TOM IJTafe |
Jlajee MPOBOJAMJICS C MOMOLILI PECTPUKIMOHHOrO aHaym3a TurasmuaHor JIHK
KJIOHOB, MOJIy4€HHBIX mocie TtpaHcdopmauuu E-coli. Taxke OBLJIO NpOBedeHO
oTpe/ie/IieHHe HYKJICOTHAHOH TOC/IEI0BAaTEIbHOCTH IO KOHLIAM BCTPOEHHOTO
¢parMeHTa U MOJTy4eHHbIE JaHHbIE NOATBEPAWIN Pe3yJbTaThl PECTPUKIIMOHHOTO
aHanu3a. 3areM TmoJjydeHHas TiasmMuna  pBl1100  Osuta obpaborana
PECTPUKLIMOHHBIMU 3HOOHYKIeazaMu BamHI u Hindlll 1 noxydeHHbld PparMeHT
Ob11 BcTpoeH B mnasmuay pMPSVEH no 1em xe caiitam pecTpuKIMU B 0OpaTHO#
OpueHTalMu 1o orHomeHHo Kk MPSV npomortopy. IlomydeHHas KOHCTpyKuMs
conepxutr red acPHK x oGmactu pX u HasweiBacTcas pMP1100as. Cxema
ITOJTy4YEHHM S KOHCTPYKLIMH [IPEACTaBJIEHA HA pHC. 1.

Bropas koHCTpykuus conepkut ¢parmeHT U; oGmactu BupycHoro LTR
pasmepoM 226 m.o. (29 m.o. - 255 m.o.). Jauupiii @parmMeHT OBLI BBIpE3aH MO
calitam pectpukuuu Smal, Hincll w3 nnasmugsl pMT-2 u BcraBiaeH no caiity
Smal B Bextrop pMPSVEH. 13 npoanamu3upoBaHHbIX KJIOHOB ObLIIM 0TOOpaHHI Te,
YTO COOEpP)KAJIM BCTABKY B OOpaTHOH OpHEHTAlMM IO OTHOWIeHHIO K MPSV
npomotopy. [lomydenHyo koHcTpykuuto o6o3Haumui pMHTas. Takum obpazom,
nanHas kKoHcTpykims cogepxkut reH acPHK k U; permony HTLV-I. Cxema
IOJTy4EHHs KOHCTPYKIIMH NIPEACTABJICHA HA PHC. 2.

Koncmpyupoeanue  peKomMOuHaHmHbLX n1asmuo, cooepicauiux
nociaedosamenvhocmu JIBT. Brnepsoie aeiicteue JJHK-nocienosatensHocTeid,
Ha3bIBAEMBIX («JIOBYIIKAMH» BHPYCHBIX TPaHCAKTHMBATOPOB OBIJI0 MOKAa3aHO A
BLV B kynerype wierok CC81. Dddext noaaBiieHHs TPaHCKPUIIIIMOHHON
aktuBHOcTH Tnpomotopa Us obmactu LTR, o0ycsoBiieHHBIM KOHKypeHUUEH 3a
CBA3bIBAaHWE BHUPYCHOTO TpaHcaKTHBaTopHoro Oenka p38tax, Habmozam B
npucytcteue 20-d — 30-TH KpaTHBIX MOJIAPHBIX M3OBITKOB IJIa3MHABI, HECyIIei
JHXAHCEpHbIE  TMOCJICAOBAaTEIPHOCTH BHpPYCHOoro mnpomortopa (12). Ham
MpEACTABIAIOCH HHTEPECHBIM MPOBEPHTh 3()(HEKT KOHKYPEHTHOrO CBS3BbIBAHHS
koHcTpykuuamu ¢ JIBT Genka p40Otax HTLV-1. ®parment U; obGmactu LTR
pasmMepoMm 226 n.o. (29 n.o. - 255 m.0.), coacp)aiui y4yacTKu CBA3bIBaHHA Oejka
p40tax, 6s11 BcTpoeH B Bektop pMPSVEH no caifty pectpukuun Smal B npsamoii
OpHCHTAUMH OTHOCUTENIBHO MPOMOTOpa. DTa KOHCTpYKUUS Obli1a HasBaHa pMHTs.

Cremyrwmas koHcTpykuus - pGHT conepkana Bblieyka3aHHBIA (parMeHT
U; obnact, BcTpoeHHBIi B BekTop pGEMSZ mno caifty pectpukuun EcoRV u
SBJIANIACH TPAHCKPUIIIIMOHHO HEaKTHBHOM.

K aTo0it 5xe rpynrmne ciaemyetr OTHECTH paHee ONHMCaHHYIO Itasmuay pMHTas,




TJI€ OJIHA ¥ Ta € BCTPOEHHAA MOCJIE0BATEIbHOCTh COAEPXKUT He Tosibko JIBT, HO
U crnocobHa TpaHckpuOupoBath acPHK. CxeMbl IMOJyYeHHS KOHCTPYKLHH
IIpECTaBJICHbI HA PHUC. 2.

IIpennomnaranoce. urto Bce Tpu kKoHcTpykuun - pMHTs, pMHTas u pGHT -.
OyayT mnposaBiiATh 3GQEKT TOBYUIKM BHPYCHBIX TpPAHCAKTHBATOPOB, TaK Kak
coaepkar crienupuyeckue NOCJIEA0BATEBHOCTH CBSA3BIBaHUS
TPaHCAaKTUBATOpHOro Oesika p40tax; Mpu 3TOM OpueHTalMs pparMeHTa He JOJDKHA
BIMATH Ha CBs3piBaHME Oenka. Koncrpykuus pMHTas npeanonoxuresibHO Moriia
JaTth ABOMHOH 3d¢exT, NockoibKy noMHUMO mocienoBarenbHoctell JIBT
conepxut reus acPHK.

Honyuenue riemounvlx JAuUHUH, CcMAOUILHO MPAHCHUUUDOBAHHBIX
naazmuoamu, cooepxcawiumu 2euvl acPHK wuiu nocieoosamenvHocmu
JIBT

B kauecTBe KIETOYHOH MOZETM BHUPYCHOH HH(GEKIHMHU, BbI3bIBAEMOH
HTLV-I, MoryTt 6bITh HCHIOIb30BaHb TUMQOLHTHI YesIoBEKa, 00E3bIHbBI, KPOJIMKA
WIM MBIIIEH. DKCIEPUMEHTAIBHO 10Ka3aHO. 4TO T KJIETKH 4YesioBeKa MOryT ObITh
MHQUIUPOBAHBI, a TaKKE HMMOPTAIM30BaHbl U TpaHC(HOPMHUPOBaHBI MpH
cokynpTuBauu ¢ HTLV-I-npoayuupyromumn mimdonutaMu, NoaydyeHHbIMH OT
ooapupix ATL (24, 25). Taxxke ©Obulo mnokazaHo, uyrto HTLV-I Moxer
UHPHUIUPOBaTh U TPaHCGOPMHPOBATh KJIETKH HEIUMGOMIHON NpPUPOIBI, TaKHe
KaK KJIETKH OCTEOCAapKOMBI ¥ 3HIOTeNHaIbHbIE KieTkH (26, 27, 28, 29). [1pu atom
MPOLIECCHHT CTPYKTYPHBIX O€JIKOB BHpYCa, SBJIAIOIINXCI NPOAYKTaMH I'€HOB gag
U env, HIET 110 IyTH, aHAIOTHYHOMY [UI KJIETOK JUM(OUIHOH NMpupoabl. beuio
OTMEYEHO, YTO TPaHC-aKTHBHpYOmas (QyHKUMA OelkoB Oblia BbIpaKeHa B 3THX
JHMHHAX CHJIbHEe, YeM B JuMponaHoi smuun MT-2, npoxynupyromeit HTLV-I u
noyuyennoi ot 6ospHoro ATL. MeTonoM Henpsmon MMMYHOQTyOpECLEHIIMH
NoKa3ajaM, 4To B TpaHchuumpoBaHHoi smHNM Hela Genok p40 (tpancaktuBartop)
OospIIEH 4YacThIO JIOKATHM30BaH B fApe, B TO BpeMs KaK Jpyrue CTpYKTypHBIE
Oenku B nMroiuiasMe w/um MmemOpaHe. Mbl B cBoeit pabore ¢ HTLV-I
HCIOJIH30BAIM KJIETOUYHbIE JIMHUU ocTeocapkoMbl dyenoBeka HOS u RaHOS. Jins
nonyyenuss swHuM RaHOS MonocnoiHas xkineroynas JmuHus HOS  Opina
HHpHUIIUPOBaHA COKYJIb THBUPOBAHHEM c HTLV-I-npoxyuupyromumu
muMQOMAHBIMH KJI€TKaMH Kposiuka JmHuH Ra-1. HHterpauus mnposupyca B
Ky1eType RaHOS 6bl1a BbISBIEHA ¢ NOMOIIBIO IOJMMEPA3HON LETHON peakUnH
NI mocliefoBaTebHOCTeH gag, env, tax W LTR. Dkcnpeccus BHpYCHBIX
anTureHoB U pasmMHoxkenue HTLV-I Opumi yCTaHOBJCHBI METOAaMHM HENPAMOMH
MMMYHO(DIYOpECIICHIIMH, PEAKUMHM CHHIMTHEO0pa3oBaHMs W C  IIOMOUIBIO
0OpaTHO-TPaHCKPUMNTA3HOH INoONMMEpasHoi UenHoi peakuud (30). Ilocne
amrtensHoro  maccupoaHus  kiaeTkd  RaHOS  npuoOpenm  npusnaku
TpaHCc(OPMUPOBAHHBIX: Mocie 18-ro maccaka NOBBICKUNIACH MpOHMdepaTHBHAs
aKTUBHOCTB. nociie 30-ro maccaxa KJIETKH HpuUobpeiH  crnocoOHOCTH
06pa30BEIBaTh KOJIOHHH B MATKOM arape. nocie 60-ro B Ky/bType NOSBUIHCH



odarn MHorocioifHoro pocta (30,31). IlpoBeneHHOe HaMH 3JEKTPOHHO-
MHKpocKonuieckoe ucciaeaoBande muHun RaHOS He moarBepausno nmpongyKuuro
3THMH KJIETKAMH BHPUOHOB, THUIUYHBIX I PETPOBHPYCOB, HYTO MOXKHO
OOBACHUTH, HHU3KUM TUTPOM BHMpyCa M HEHOCTATOYHOH YYBCTBHTEJIBHOCTBIO
JIaHHOT'0 METO/1a YICKTPOHHOM MHKPOCKOIMHH.

Hanee mnpoBOAMIMCHL JKCIEPUMEHTHI Mo TpaHcdekuuu smHuM RaHOS
PEKOMOMHAHTHBIMH NasMuaaMH, cojepxamumu redsl acPHK wuma JIBT.
Monens ans mnpoBeneHHs TpaHceknuu Obijla TpeaBapUTebHO oTpaboTaHa
cHavyana Ha JmHuu HOS, a 3areM na nuamum RaHOS Ha ocHoBe Mapkepa
3$(HEKTUBHOCTH TPAaH3UEHTHOM TpaHC(EKUHH C HCIMOIb30BAHUEM ILITA3MHIbI
pCMV  -B—Gal-SPORT, Hecymelh reH [f-ranakro3ugassl MOJ KOHTPOJIEM
npeapanHero CMV-npomortopa. DKcenpeccuio reHa B-rajakro3uaasbl BBISBIISAIH
OKpalIBaHueM (QPUKCHPOBAHHBIX KJIETOK PaCTBOPOM, COJIEPXKAIIUM XPOMOTEHHBIHM
cyoctpar X-gal. C moMouIbi0 MHKPOCKOMUYECKOTO HCCIIEIOBAaHUA OLICHHBAIH
KOJMYECTBO SPKO OKPAUICHHBIX CHUHHUX KJIETOK Ha (GoHe OecLBETHOrO MOHOCIION
gyepe3 48 yacoB nocie TpaHchexuu. DPdhekTUBHOCT TpaHCGHEKIINH ONpeACIIIH
JENeHHEeM  4YMcjla  OKpAalleHHBIX  KJIETOK Ha  obmiee  KOJIMYECTBO
TpaHCHHIMPOBAHHBIX KJIETOK W BBIpaXalH B MpoueHTaX. DPPEeKTHBHOCTH Kak
BpEMEHHOH, TaK M CTaOWIbHOM TpaHcPeKIMid B HaMMUX 3KCOEPHMEHTaX
coctaBisina 2%-3%.

B nepeBuBaemyro wieroudyro guHuio RaHOS wmeromom Ca-docdartnoit
koTpaHcdekimu BBogwym JIHK pekoMOMHAHTHEIX IUTa3MHU[, CONEPIKABIIMX Te€HBI
acPHK uw/unu nocnenosarensHocte JIBT, a Tarke miasmuny pSV2neo, Hecymryro
reH YCTOHYMBOCTHM K HeoMHmmHY (G-418). Jlanee mis NoyyeHHs KIIETOYHBIX
KJIOHOB MNpPOBOJWIN CEJIEKIIMK) KJIETOK B MPHUCYTCTBHH HEOMMIIHHA, KOTOPBIH
n00aB/sIM Ha TPETUH ACHBb MOcie TpaHCheKUUH. | paHCULIMPOBAHHBIE KICTKH
BbIpAlllBaIM B IPUCYTCTBUU HEOMHIIMHA B KOHUCHTpauUuu 350 MKI/MJI B TeueHHE
4 Helmenp OO MOJMY4YEHHSA OTACJIBHBIX KJICTOYHBIX KJIOHOB. JlonroBpeMeHHas
YCTOHYMBOCTh KJIETOK K HEOMHLHUHY, ITOJY4YECHHBIX B pE3yJIbTaTe CTaOHIIbHOM
TpaHC(EKIIHUH, SBJSLJIaCh CBH/IETEILCTBOM UHTErparuu re’a
HeomunmHdpocdoTpanchepassl B reHoM KiIeTku. BMmecte ¢ nimasmunoi pSV2neo B
TCHOM KJIETKH MOTJIH BCTPOMTHCA B KOHKAaTOMEpHBIX (hopMax pekOMOHMHAHTHBIC
IUIa3MHIBI C IOCJIEA0BATENLHOCTAMY reHoB aHTHCMBICIOBIX PHK u/wm JIBT.
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N3omupoBaHHble KIOHBI KJIETOK HapallliBaiM M Jajiee aHATM3HPOBAIA Ha
HAJIMYME HMHTETPUPOBAHHBIX PEKOMOMHAHTHHIX mmasMuA ¢ reHamu acPHK wiamn
JIBT MeTonoM nmomMmepa3HOH LEMTHOMN peakiliy.

JUId 9TOro M3 NoJy4eHHBIX KJIETOYHBIX JMHMI BbLAeasu cymmapHyro JTHK
M C 1noMomblo crneudpuyeckux mnpaiiMepoe MPOl u MM2 onpenensnu
npucyrcteue MPSV  npoMmotopa aas KOHCTPYKUHMA Ha OCHOBE ILJIA3MM/IBI
pMPSVEH (puc. 3).

Takoit Be1OOp mpaiiMepoB ¥ MHUIIEHH OOYCJIOBIEH TEM. UTO HCCJICIOBaHHE
nposoaunocs Ha UHGuiupoBanHodH HTLV-I kyneType KieTok., U Mbl HE MOTIIH
HCTIONB30BaTh MpaiiMepsl, crneuMHYHBIE I BCTPOCHHOTO B  IUIa3MUAY
¢parMeHTa. B 3TOM ciyyae OHH OTHOBPEMEHHO OTXKHUTAIUCh OBl KaK HA BUPYCHOM
reHoMe, TaK ¥ Ha BCTPOCHHOM (parMeHTe, SBISIOLIEMCS YaCThlO BUPYCHOTO
reHoMa. Takke He ynanoch moaodpars npaitMepsl, OAHH U3 KOTOPHIX HAlleJIeH Ha
MPSV npomorop. a apyroit Ha ¢parMeHT BHPYCHOrO reHoma. B atom ciyuae
oOpazoBanue  HecnmeuudwuHplx npoaykroB [IIIP  3aTpyanwno  aHamu3
TpaHCPHUIUUPOBAHHBIX KJIOHOB. B KauecTBe MOJIOKUTEILHOrO KOoHTpoas B ITLIP
ucnionp3oBam 1wiasmMugy pMHTs, a orpunaremsHoro — JIHK wietox muHMM
RaHOS. Daekrpodopes npoxykros I[P npoBommu B 1,5%-0M arapo3Hom rene.
Cnenuduyeckuii pparment pazmepoM 120 m.0., CBUAETEIBCTBYIOLUUH O HATMYUH
MPSV npomoTopa, nokazaH Ha pUCyHKe 3 CTPEJIKOH cJleBa.

Jina BeiseiaeHus miaasMuabl pGHT B KIETOYHBIX KJIOHAX HCIMOIb30BAJIM
komMmepueckue npaiiMepsl Forvard u Revers (Promega), dnankupyromue
nomumHkep wiasMuasl pGEMSZ{+ (pue. 4). Kak n B npeplayieM ciydae. Mol
HE MOIUIM HMCIIOJb30BaTh HpaiMepbl, ceud@HUHbIE BCTPOCHHOMY (GparMeHTy H,
COOTBETCTBEHHO, BHPYCHOMY TeHOMY. [IONMOXKHUTENBHBIM KOHTPOJIEM CITyXKHJIA
wiasmuaa pGHT, a orpuuarensueiM — JIHK u3 kneroxk uHuk RaHOS.
DiexktpodopeTHYecKuil aHaIM3 MPOoBOIMIM B 8%-0M IOJIMAKPHIAMHIHOM TeJie.
Crtpenkoii cieBa obo3Havyen criennpudeckui nmpoaykT ITHP pasmepom 430 n.o.
Kak BuaHO HaA pucyHke, 27 U 32 KJIOHBI COAEPXAT IMOMHMO OXHMIAEMOIO
¢parmenTa eie U HeCeUH(PHUECKUH MTPOAYKT MEHBIIETO pasMepa, II0ITOMY Ui
NaTpHEHIOWX HCCIENOBaHHM ObLI BBIOpaH 25 KJIOH, coaepXalluii HauMEHbIlee
KOJIMYECTBO HeCreUPUIECKUX IPOAYKTOB.

Ananuz eruaHua 2eHoe aumucmbvic.106biX PHK u nocieoosamensvHocmeii
N08YUIKU 8UDYCHO20 mpancakmusamopa Ha cunme3 PHK HTLV-I1 6
Kiemounbix KioHax Aunuu  RaHOS. Jlis OUEHKHM TPOTHBOBHPYCHOIO
a¢dekTa acPHK u JIBT HeobXxoaumMo ObLIIO HCIO/Ib30BaHUE
BBICOKOYYBCTBHTC/ILHOTO  METOJA  KOJMYECTBEHHOrO  ONPENEIeHUs  YPOBHS
cuaTesa PHK HTLV-1. C 3Toii 1i€/1b0 UCHIOJIB30BAIM METO AOT-THOpUIN3ALUH
supycnoit JJHK u PHK. Mertox rudpuan3alini HyKJIEHHOBBIX KHCIOT HECKOJIBKO
YCTyNaeT mo 4yBCTBHUTC/IBHOCTH ILIP, Ho B TO Xe BpeMs [Aa€T BO3MOXKHOCTh
y4yeTa KOJHYECTBA CBA3aHHOIO C HYKJICMHOBOMH KuCJIoTON 30Haa. Tak, mpu
HCIIONAL30BAHMM B KadyeCTBE 30HIa PaTHOAKTUBHO MEUYEHHBIX cheuuHUecKHX




HykjenHoBbIX KucanoT ([TL{P-¢parMeHTOB) HHTEHCHBHOCTH pPagHOAKTHBHOTO
CUrHala M COOTBETCTBYIOLIEE €H KOJHYECTBO HYKIEHMHOBOM  KHCJIOTHI,
crietuGuyYHON 30HIY. MOXKHO ONPEICIUTH C MOMOIIBIO KOMIBIOTEPHOI'O aHaJIn3a
IIpU UCTIOJIB30BAHUH CHIEHMATIbHBIX IPOTPaMM.

B Hamem ciyyae BbIOOp npaiiMepoB IS MOJIYyUYSHHUS 30HIa OCNOXHSICA TEM
(haKToOM, UTO aHAIM3 NPOBOJUJICS HA HHOHUIIMPOBAHHON BUPYCOM KYIbType. 3OHI,
crneuupuUHbIN (parMeHTy BUPYCHOTO F€HOMa, BCTPOSHHOMY B PCKOMOHMHAHTHYIO
nnasMuny, Oyaer takxke crenududeH u mnocienoatesbHocTH JHK mm PHK
Bupyca. TakuM oOpa3oM, Ucronb3oBaHue cneunduanoro wit U3 obnactu 30HIa
Bo3MokHO Obuto s Ha JIHK xionoB RaHOS, momyueHHBIX B pesylibrare
TpaHchEKIMM  KOHCTPYKUMEH ¢  mociemoBatenbHOCThIO pX  (W1asMuaa
pMP1100as). B 3TroM cioydae 30HA THOPHAM3YETCA TOJBKO C BHPYCHOM
HYKJIEMHOBOH KHCJIOTO# ¥ Mbl MOXKEM JOCTATOYHO TOYHO OLIEHHTH KOJIHYECTBO
supycHot JIHK B naHHBIX KIOHaX. AHAJIOTHYHO Mbl MOCTYIATM W HpH BBIOOpE
3oxaa A ki1oHoB RaHOS, coxepxkaBumx ¢parment U3 obmactu LTR HTL V-1
3oua Obu1 cnenmduueH obsacti pX U HUCHOIB30BAICA NPH H3YYEHHH KJIOHOB
RaHOS, conepxasmux pexombunanthble miasmuasl pMHTs, pMHTas, pGHT
(conepxar ¢parmenr U3 obnactu). Takas mepekpecTHas CHCTEMa IO3BOJIHIIA
HU30ekKaTh JOMOJHHUTENPHOTO CHEUMPUYHOIO CBA3BIBAHUSA 30HIOB IOMHMO
BupycHoit [HK wmu PHK c¢ xoHcrpykuwmsmu. [l nomaydeHHs 30HAA K
rnociaegoBatesibHOCTH pX uHcnonb3opad nnasmMuay pMP1100as u npaiitmepst
MPO1 u PXO01, oxun u3 xoTopeix O HanpasieH k MPSV npomoropy, a BTopoii
K pX peruoHy, O6mmpke k ero 3’ koHuy. a1 nmomydenus 3oHna x U3 peruony
ucnonb3loBau masmuay pMHTs u npaiimepsr MPO1 u MM2, rme mnepsbiid
npaitMep Tak ke HarnpasiaeH K MPSV npomoropy, a Bropoit k U3 obnactu. Ilpu
nposeaenud I1IP B peakuoHHy10 cMech 100aB/IsAIM o> ’PIATO.

B kayecTBe IOJOXKHUTETBHOTO  KOHTPOJSA  TPOXOXXICHHUS  PEAKIHH
HCNOJB30BAIH BBIPE3aHHBIM U3 IasMuael pMT-2 nosiHopasMepHBI BHPYCHBIH
renoM HTLV-I B konuentpaimu, paBHoit 2 Hr JIHK nHa Ttouxy. Hapsmy c
aHATM3UPYEMBIMH  KJICTOUYHBIMA  JIMHUSIMHM, IOJYYEHHBIMH B  pe3yJIbTaTe
TpaHCPEKIMH peKOMOWHAHTHBIMH IUIA3MMIaMH, HCIIO/Ib30BAJIM HCXOJHBIE JIMHUH
HOS u RaHOS B kauyectBe koHTposnei. M3MepeHne curHaia mnpoBOOUIIM C
noMomisl0  paguoadrorpadun.  [losmydeHHble  NaHHBIE  MEPEBOJHIM B
KOJIMYECTBEHHBIH 3KBHBAJICHT ¢ ITOMOILI0 nporpamMmbl “LabWorks™ (Bio-Rad).
PesynbTaTel 00T-rubpran3aiOHHOrO aHajIM3a [IPEACTaB/IeHbl Ha pHC. 5 U pHc. 6.

Ilposectn anamu3 sxcnpeccud acPHK B ycnoBusx naHHOH cHCTEMBI
OKa3aJoCh CJOXHO, T.K. JKcmpeccupyeMsle MoJieKyasl acPHK wuaeHTHYHBI
yuactkaM BupycHbiXx MPHK. B ostom ciydae paamoakTUBHBIH 30HI MOXET
rubpuauzoBatecs kak ¢ acPHK, 1tak M ¢ Bupychoit PHK wu curnan
pannoasTorpada Oyer coepxarh B cede X CyMMapHOE 3Ha4YCHHE.

Anam3 kommdectsa PHK HTLV-I nposoaunu metonqomM not-rubpuausanuu
PHK. s 3toro Beiaensnu cymmaphyio PHK kiioHoB knerounoii muauu RaHOS,
MOMYyYEHHBIX B pPE3yJbTaTe TPaHCPEKUUH NAHHOH JIMHUM pPEeKOMOMHAHTHBIMH
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masMuiaMu. BEIOOp nocie10BaTenbHOCTH 30HI0B OIIPEEIIAIM, PYKOBOICTBYSCh
pacCyXICHHMAMM, KaK Y IIpu BbIOOpe /Ui aHaimm3a KoimuyecTBa BupycHou JIHK,
T... OmuH ObUl HampaBieH K obmactd pX W HCIONB30BAICH HAa KIOHAX C
KOHCTPYKUHUAMH, coaepkamumu U3 oOnacts. BTopoii 30H1 HaNpaBiI€H K PETHOHY
U3 ¥ wucnome3oBaics Ha KIOHAX €  KOHCTPYKUHUSMH, COJEPKAIIUMU
nocieqoBaTebHOCTh pX. B peakimonnyro cmecs s TP noGasisimu 32PaATO.
PesynpTaTel aHanM3a npeCTaBICHE! HA pUC. 7.

Kak BugHo 13 pue. 7, Ha paguoaBTorpade cialblii CHrHAJ BO BTOPOM TOUKE,
4TO CBHICTEILCTBYET O HebombimoM konmdectBe BupycHod PHK B 25 kione
maaun RaHOS u, coOTBETCTBEHHO, MHIMOMPOBAHMH BUPYCHOM PENpPOXYKIIHH
nocnenosarensHocTamMu JIBT. B Tperbeit Touke ruOpuau3anus 30HAQ IIJa HE
TosbKO ¢ BupycHoi PHK, Ho u c acPHK k reny pX.

OuenuBas pe3ynbrarsl no cHikenuto yposus PHK HTLV-I (puc. 8), MmoxHo
3aK/IIOYUTh, 4YTO uHruOupyromee jgeiicteue ©Ha HTLV-I okazamm  JIBT-
nocnenosarenbHocTy M acPHK k obmact pX. Dddext JIBT Boipaen s
TPAaHCKPUIILIMOHHO HeakTuBHOM munasmuasl pGHT wu cocraBisier okomo 90%
MHrubupoBanus skcnpeccuu BupycHod PHK. AutuBupycHBbIi >ddekr B cayuae
TPAaHCKPUIIIIMOHHO aKTHBHOM masmMuael pMHTs cocraBmaser okono 50%. B
ornowmenuu acPHK s pernona U3 mbl He HaOmogam aHTUBHPYCHOro ¢ dexra.
Kouctpyknuss pMHTas conepxxut JIBT u onHoBpemenno skcnpeccupyetr acPHK.
Bo3MOXHO, MpH CUUTHIBAHUN TpaHCKpuOupyemoit odsnactu JIBT, ynepxusatomeii
Oenku p40tax, mexxaxy PHK-nomumepasoii u komriekcom p40 taxCREB Bosuukaer
koHKypeHuus 3a JIHK-marpumy. Takoe B3ammoaeiicTBHE MOKET CHHKATh Kak
obpazoBanue acPHK, Tak u mnpenstcTBoBaTth cBsizbiBaHuI0 Oenka p40tax. B
ornomennu acPHK ans obnactu pX ypoBeHb 1M0/1aB/ICHUs BUPYCHOM PENPOAYKIIMHU
coctaBui okoio 50%.

Takum o0pa3oM, IPOBEACHHbIE HAMU HCCIEIOBAaHUSA II0Ka3bIBAIOT, YTO B
YCIOBHAX XPOHHYECKOH BHPYCHOM HH(EKUHMU MOXKHO J0OMTHCA CHHUKEHHSA YPOBHSA
cuare3za PHK HTLV-I ¢ ucnoms3oBanuem acPHK m JIHK-mocienoBaTenbHOCTEH
JIBT. JIna ycuneHus uxX dpQeKxra NpeACTaBIsAETCS HHTEPECHBIM HCCIIE0BAHUE
cosmectroro aeiictBus JIBT um renoB acPHK nampaBmennsix K obmactn pX.
[Tockomeky mocnenoBatembHocTd JIBT noxasasmn penpoaykuuio HTLV-I nourtn
Ha 90%, a acPHK nanpaBnenHas x odnactu pX nouytu Ha 50%, To B JanbHelmem
WX CJEIyeT M3yYUTh B CHCTEME in vivo. B KadecTBe >KMBOTHOH MOAEIH MHOEKIHH
s HTL V-1 noaxoaar o0e3bsHbl, kKposmkd (32, 33), meimu (34) 1 Kpeics (35, 36).
Takue wucclenoBaHusA TMMO3BOJAT ONPEACIUTh JSPEPEKTUBHOCTH HMCIOIB30BAHMSA
acPHK u JIBT B »MBBIX CHCTEMaX, a TaK JX€ MOMOTYT BBISBHTH BO3MOXKHBIC
HEraTHBHbIE CTOPOHBI JAHHBIX TEPANEBTUYECKHX CPEJICTB, TAKHE KAK TOKCHYHOCTH,
TEPATOrE€HHOCTh, FEHETUYECKAsA HECTAOMIBHOCTh FTEHOMA XO35MHA U T. 1L,



HIITIOCTPALIAH

2 PUCYHKA, 1 THCTOTPAMMA, 5 ®OTOI' PA®UI
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Puc. 1.

5 3

gag | pol | env pX
Ll us | R | Us

BUPYCHBIH FreHOM
dparmenT BupycHoi ITHK
7283 n.o. 8308 n.o.
¢dparmenT BupycHoii JHK
N pB1100

MPSV npomoTop

q

f f

EcoR1 Pstl

¢parment Bupychoi JJHK

B AHTHCMBIC/I0BOH OPHEHTAUHH poly A

r 3

T T pMP1100as

BamH1 HindlIl



Puc. 1. Cxema no.ryyenust koHcTpykuud pMP1100as.

Oo6o3Hauenus: MPSV — npomotop BHpyca muenonpoiaudepaTUBHONW CapKOMBI
yenoBeka, 0003HauYeH CTpenkoi, poly A — curHan moauaaeHUIMpPOBaHHs, 00O3HAYEH
LITPUXOBBIM MPAMOYTOJILHUKOM. Knonupyemstii dbparmeHT 0003HaueH
NpSAMOYTrOJIBHHKOM, B KOTOPOM CTPENKO# yKaszaHa opueHTauusi ¢parMeHTa mpu
KJIOHUPOBAHUH.



Puc. 2.

i 3°
gag | pol \ env pX
U3 R Us U3 R Us
v
29 n.o. 255 .0,
Smal Hincll
noBywkKa aas 6eaka Tax Poly A
mpSV
q s : ——————— pMHTs
Y S
Smal Smal
red acPHK aas U3 obaactu
MPSV 4 JIoBymiKa aas oeaxa Tax Poly A
q o P ———————— pMHTas
Smal Smal
SP6 JIOBYILIKA T7
> aas 6enaxa Tax ] pGHT
EcoRV EcoRV




Puc. 2. Cxema noJsy4eHus IJIa3MHU[, COAePrKANHX NOCJI€10BATE]IbHOCTH
“10BymIKH” BHPYCHOro TpaHcakTuBatopa. OGosnauenus: MPSV — mpomotop
BUpyca MuenornpoiudepaTtuBHOW CapKOMbl 4YeNoBeKa, MOKa3aH CTpenkoi, poly A —
CUTHAl MOJMAaJCHUIUPOBAHUS, O0O3HAYEH LITPUXOBBIM MpPSIMOYroiabHUKOM, T7 -
npomotop s PHK-nonumepassl ¢para T7, SP6 - npomotop ans PHK-nonumepass! dara
SP6. Knouupyemsiii ¢parmMeHT 0003HAYeH MNPSIMOYrOJBHUKOM, CTpENKaMd MOKa3aHa
opueHTalus pparMeHTa Mpu KJIOHUPOBAHUU.



Puc. 3.

e}

(98]

o —— 40000,
,ﬁ'5l1n<— mnlo.

s s OO

<z oo 1m N.0.



Puc. 3. Anaausz Haauyusa MPSV npomortopa B KI0HAX KJIeTOYHOH JHHUH
RaHOS.

[TopsakoBbIMU HOMepamu 0003HayeHbI: 1, 2 - kIoHb! 12, 14, TpaHchuuMpOBaHHbIE
nnasmunoit pMHTS; 3, 4 — knonsl 33, 38, TpancduumnpoBannsie nnazmuno pMHTas; 5,
6 - k1ousl 31, 35, TpanchuumpoBanHbie m1asmugoit pMP1100as; 7 — nnasmuga pMHTSs
(nonoxwutenpHblid KOHTpoNb); 8 — JIHK u3 knetok nunuum Ra-HOS (otpuuarensHsiii
KoHTponb), 9 — BecoBoit JJHK mapkep (DNA Step Ladder, “Promega”); crpenkoii
noKasaH crneygupuyeckuit [IpOAYKT [1L1P, pasMepom 120 1.0.
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Puc. 4.

350 n.o.

300 n.o.

250 n.o.

200 n.o.

150 n.o.




Puc. 4. Anaaus Haanuus niaasmuasl pGHT B K10HAX KJI€TOYHOH JTHHHH
RaHOS.

[TopsinkoBeiIMM HOMepamu o0003HaueHsl: | - wierku JmHHH Ra-HOS
(oTpunarenbHbINA KOHTPOb); 2 - mnasmuaa pGHT (nonosxuTenbHbIi KOHTPOJIL); 3,
4, 5 — xnonst 25, 27, 32, cogepxamue mnasmugy pGHT; 6 — Becosoit JIHK
mapkep (DNA “Applied Biosystem™); cTpenkoii moka3aH OXHIAEMbBIN
crniennduyeckuit npoaykt [P, pasmepom 430 m.o.



Puc. 5.

5 4.;,{“

.

. 2 3
g . g >
.‘!
6 ¥
Touka 1 2 3 4 d 6 8
KomuuyectBo

JIHK B Hr

1,18

0,94

1,58

0,8

(38




Puc. 5. Pe3yabTaTrhbl BbISIBJIEHHS € MOMOIbIO JO0T-THOPUAM3ALMH BHPYCHOH
JAHK wu unaterpuposannoi niasmuaHoi [IHK, conep:xameii ydacTok peruona
pX, BbiJeJIeHHbIX U3 K/I0HOB KJeTok RaHOS.

Hcnonw3yembiit 301 HanpasiaeH k oonactu pX. [TopsakoBbiMu HOMEpaMy 0003HAYEHBI:
1 - 14 knoH, comepxawuii nnasmuny pMHTSs; 2 — 25 kioH, coaepkaiuuid riasMumy
pGHT; 3 — 35 knoH, coxepxawuii mnasmuay pMP1100as; 4 — 38 knoH, copepkaiui
masmuay pMHTas; 5 — kioH, nomywseHHsli u3 nuauu RaHOS, copepixkauieit
uHterpupoBaHHsblii npoupyc HTLV-I (nonoxutensusiit koutpons); 6 — JIHK u3 knerok
auuud RaHOS (nonokurensHeid koHTpons); 7 — JHK w3 knerok nuaum HOS
(oTpuuarensHblii KoHTpob); 8 — JJIHK HTLV-I.



Puc. 6.

Touxka

KomiuectBO

JIHK B Hr

1,79

1,77

0,6

0,2

113




Puc. 6. Pe3yabTaThl BbIfBJIEHHSA € MOMOMBIO JOT-THOPHAM3ALMH BUPYCHOH
JHK u wunrerpupoBanHon miaasmuaHon /IHK, comepxkameii yuacroxk U3
peruoHa, BblieJIeHHbIX U3 KJI0HOB KJjeTok RaHOS.

Hcrnonb3yemsiii 3081 HanpasineH k U3 pernony. [TopsiakoBeiMu HOMEpaMu 0003HAYEHBI:
1 - 14 knoH, conepxawui muasmuay pMHTs; 2 — 25 kion, coaepxaiiuii niasMusy
pGHT; 3 — 35 knoH, conepxawuii nnazmuay pMP1100as; 4 — 38 knoH, coaepxkaiuuii
mnasmuay pMHTas; 5 - knod, nomyuyeHHsit u3 nuHud RaHOS, copepxaueit
uHterpupoBanHblil npoBupyc HTLV-I (nonoxutensHslit koutpons); 6 — JIHK u3 knerok
muuun RaHOS  (monoxkurenwsHbif koHtpons); 7 — JIHK w3 knerok auaun HOS
(otpuuarensHbld KoHTpOb); 8 — IHK HTLV-1.



Puc. 7.

TOUYKa

Konuuectso

PHK B Hr

0,6

0,06

1,23

1,2

0,98




Puc. 7. Pe3yabTaThl BbISIBJIEHHS] ¢ IOMOMbIO J0T-THOPHAM3ALMH BHPYCHOH
PHK, BbiaesrenHo# u3 kaoHoB Kjaetok RaHOS.

Hcnons3zyemslit 3001 Hanpasiied K o0nacti pX. [TopsakoBeiMH HOMEpaMu 0003HAYEHBI:
1 - 14 knoH, conepxawuid nnasmuny pMHTs; 2 — 25 kioH, coaepkamuii niasMuay
pGHT; 3 — 35 knoH, coaepxawuii mnasmuay pMP1100as; 4 — 38 xioH, coaepikaliui
mnasmuay pMHTas; 5 — knon, nonyuenHsld w3 aunuu RaHOS, conepxaiuei
unterpupoBaHHselil nposupyc HTLV-I (nonoxurensuslit kouTpos); 6 — JJHK u3 knerok
nuuuu RaHOS (nonoxutensusit koHTpons); 7 — JIHK w3 knerok auauu HOS
(otpuuarenbHblit KOHTpOb); 8 — IHK HTLV-L.



Puc. 8.




Puc. 8. lonaBaenue cunreza PHK HTLV-I antucmeicnossiva PHK u JIBT B
kjaeTrkax RaHOS.

O6o3nayenusa: | - HeTpaHCHMUMPOBAHHAs PEKOMOMHAHTHBIMU MJAa3MHUAAMHU KYJIbTypa
kietok Ra-HOS, coaepxaias unterpupoBanusii nposupyc HTLV-I; 2, 3, 4, 5, -
kKynerypa knetok RaHOS, TtpanchuuupoBanHas pekOMOWHAHTHBIMH I[UIA3MHUIAMH
coorserctBeHHo pMHTs, pMHTas, pGHT, pMP1100as; 6 — kyastypa knerok HOS
(oTpHLATENIbHBIH KOHTPOJIB).
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Plazmidu konstruésana, kuras satur HTLV-1 provirusa secibas un kas ir pielietojamas
virusa replikacijas inhibicijas pétiSanai

Viena no daudzsolo$akajam metodém efektivas pretvirusu terapijas izstradg ir specifiska génu
ekspresijas kavésana ar antiinformacijas nukleinskabém. Darba ir aprakstitas plazmidas, kas
satur HTLV-1 LTR U3 rajonu, klonétu informacijas un antiinformacijas virziena attieciba pret
promoteru, ka ari plazmida, kas satur HTLV-1 LTR U3 secibu bez promotera. Sada veida
plazmidas bija konstruétas ar divu veidu selekcijas géniem: neo un gfp, kas vienkarso ievaditas
virusspecifiskas informacijas detekciju $linas. Konstruéto plazmidu ievadiSanai $iinas bija
pielietotas dazadas transfekcijas metodes un parbaudita ievadita markiera géna ekspresija
transfec@tajas Stinds. Labakie rezultati bija iegiiti ar jauno, uz elektroporacijas metodi bazéto
nukleofekcijas metodi. Salidzindajuma ar standarta elektroporacijas metodi ta uzradija augstaku
transfekcijas efektivitati ar vismazako $tinu bojajumu. Paradits, ka visas iegiitas konstrukcijas,
ievaditas MT-2 un Ra-1 $iinas, bija funkciongjo3as, tadéjadi atvieglojot transfecéto $iinu
selekciju péc ievadita markiera géna. Lietojot Vero S$inas, paradits, ka visas ievaditajas
konstrukcijas selekcijas géni netraucé ne informacijas, ne antiinformacijas HTLV-1 LTR U3
secibu ekspresiju. Iegiitie rezultati liecina, ka visas selekcijas génus neso3as konstrukcijas ir
pielietojamas atrakai un efektivakai mérka genétisko materialu nesoso §inu atlasei turpmakajos
HTLV-1 antiinformacijas RNS virusinhibgjosas darbibas p&tijumos.

Raksturvardi: HTLV-1 viruss, replikacijas nomak3ana, plazmidu konstruésana, pretvirusu
terapija.

Introduction

Human T-cell lymphotropic virus type 1 (HTLV-1) is an oncogenic retrovirus, the
causative agent of adult T-cell leukaemia, HTLV-1 associated myelopathy/tropical
spastic paraparesis and other severe diseases. HTLV-1 preferentially targets and
transforms CD4+ T-lymphocytes (Collins et al., 1996); it lacks a typical oncogene
(Weiss, 1984) and integrates randomly into the cell genome (Leclercq et al., 2000).
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The viral regulatory protein Tax has been shown to be responsible for the oncogenic
potential of the virus. The Tax protein enhances the transcription of the virus through
its interaction with a specific sequence (three 21 base pair repeats) in the virus LTR
U3 region (Suzuki et al., 1993). Through the interaction with the groups of cellular
transcription factors and coactivators (e. g. NF-kB transcription factor family), Tax
exerts transactivation of transcription of the number of cellular genes, including cel-
luiar oncogenes (c-fos, c-jun, c-myc, c-ras) and growth factors (IL-2, IL-6, TNF-a, TNF-
b, GM-CSF) (Matsumoto et al., 1997.). It deregulates the normal cell cycle through
binding to inhibitors of cyclin dependent kinases 4 and 6, and can also inhibit some
tumour repressor genes (Wu et al., 2003). Altogether, Tax is able to bind and regulate
many cellular proteins that regulate transcription and cytosceletal related pathways.
These effects on a wide variety of cellular targets seem to cooperate in promoting cell
proliferation, which is an effective viral strategy to amplify its proviral genome through
replication of infected cells (Yoshida, 2001). Nevertheless, it is suggested that HTLV-
1 in infected patients is not silent and is transcriptionally active (Asquith et al., 2000).
Thus, successful treatment of HTLV-1 associated diseases requires inhibition of the
viral transcription as well as pathology specific therapy. Since neither effective che-
motherapy nor vaccines are currently available, it is important to find a suitable
therapy against HTLV-1 associated diseases.

Selective blockage of the virus on the gene expression level offers the possibility
of developing highly specific alternatives to traditional pharmacological antagonists
providing a promising new therapeutic strategy. Although there was originally scep-
ticism toward the possibility of inhibiting gene expression using antisense (as) RNAs,
in the past several years numerous studies have proved their potential utility as thera-
peutic drugs in neurology, psychiatry, cardiology, infectious diseases and oncology
(Weiss et al., 1999; Park et al., 2002; Hilleman, 2003; Sun et al., 2003; Vassalli et al.,
2003). Traditional approaches allow targeting of protein functions, whereas as-RNA
therapy can be directed toward not only the protein-coding regions, but also against
nucleic acid sequences that control replication, transcription, and translation of the
virus. These regulatory sequences mostly are highly conserved, thus the possibility
to target them helps to avoid drug resistance problems, also relevant for viral chemo-
therapy. To use as-RNAs as realistic therapeutic agents, several tasks should be ful-
filled. These tasks are the efficient delivery of genetic material to a high percent of
the cell population, efficient long-term expression from a vector, colocalization with
the target, and specific action with the desired mRNA.

The use of specific vectors for direct delivery of genetic materials into certain
cells and tissues, and application of strong and inducible promoters for effective and
controlled expression of as-sequences, allows the development of optimal constructs
for antiviral protection. At present there are intense studies searching for suitable
promoter systems for controlled gene expression (Chang et al., 2002).

An important issue in the creation of an antisense therapeutic molecule is to
address the as-nucleic acid to a proper virus target gene. It has been shown previ-
ously that as-RNA targeted at the LTR and pX regions of Bovine leukaemia virus
(BLYV) efficiently inhibited replication of the virus (Murovska et al., 1992; Kozireva et
al., 1996). Furthermore, efficient inhibition of BLV was achieved with a plasmid
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containing only the BLV U3 promoter sequence devoid of any as-RNA genes. It was
concluded that the viral promoter sequence could trap the viral transcription co-acti-
vator protein and decrease its intracellular concentration, thus inhibiting replication
of the virus (Shayakhmetov et al., 1997). As BLV is closely related to HTLYV, it was
expected that the sequences targeted to corresponding genes in HTLV-1 genome
could also be active suppressors of the virus replication. Based on this assumption,
plasmid harbouring HTLV-1 LTR U3 226 base pair (bp) sequence in antisense orien-
tation was constructed (pMHTas). As controls the plasmids with HTLV-1 LTR U3
sequence in sense orientation (pMHTs), as well as the original cloning vector
pMPSVEH (Artelt P. et al., 1988) were used. The as-sequence was cloned under the
strong MPSV (Myeloproliferative sarcoma virus) promoter, which is active in the lym-
phoid tissues (Artelt P. ez al., 1988).

HTLV-1 producing cell cultures of lymphocytic origin are very hard to transfect. The
high level of damage to cells induced by electroporation technique makes it difficult to
obtain cells expressing the introduced gene. When transfection efficiency is low, the se-
lection of the cells with the introduced gene is required. For this purpose resistance to
such antibiotics as geneticin (G418, neomycin antibiotic group) and hygromycin is usu-
ally used in mammalian cells (Stanley et al., 1989, Sambrook et al., 1989). Introduction of
neomycin resistance gene is most common. It is also possible to select cells by fluores-
cent reporter gene, gfp (green fluorescent protein) derivatives, which are very popular
and widely used in recent years. The insertion of such a gene into the structure allows
not only selection using flow cytometry, but also convenient visualisation and non-inva-
sive in vivo detection of the cells of interest (Sturm et al., 2003).

As the original vector pMPSVEH with cloned MPSV promoter do not contain
any selection/reporter gene, the cells have to be cotransfected with plasmid, which
harbour the marker gene. Taking into account low transfection efficiency, highly trau-
matic electroporation technique, and laborious and time-consuming cloning proce-
dure, the probability to obtain cell clones harbouring the therapeutic gene decreases
strongly in case of cotransfection. To improve the efficiency of the transformation
system the created as-constructs were modified by the insertion of the neo and gfp
reporter genes into the plasmids mentioned above. Also the constructs harbouring
only HTLV-1 LTR U3 sequence, which contains 21 bp repeats recognized by HTLV-
1 transactivator protein Tax, were made.

Materials and methods

Plasmids

pMPSVEH with cloned MPSV promoter (Artelt P. et al., 1988), pMHTs, pMHTas
with 226 bp fragment of HTLV-1 LTR U3 cloned under MPSV promoter in sense and
antisense orientations were kindly provided by Alexei Borisenko (Moscow Research
Institute for Viral Preparations, Academy of Medical Sciences, Russia). Plasmids
phrGFP-1 with gfp reporter gene cassette and pKO Scrambler NTKV-1907 with neo
selection gene cassette were obtained from Stratagene (USA). pHTLV-1 with cloned
complete HTLV-1 provirus was used to obtain HTLV-1 LTR U3 fragment for cloning.
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Plasmid Isolation and Construction

Isolation and further purification of plasmid DNA was performed using Qiafilter
Midi kit (Qiagene, Germany) according to the manufacturer’s protocol. The A, /A,
ratio of the isolated plasmid DNA was in the 1.8-2.0 range. All enzymes were pur-
chased from MBI Fermentas (Lithuania) and used according to manufacturer’s in-
structions. The isolation of DNA fragments from the low melting temperature agarose
(Sigma, USA) was performed as described by Sambrook et al. (1989).

Cell Cultures

HTLV-1-producing MT-2 human T-cell line (Miyoshi et al., 1979) and Ra-1
(Miyoshi et al., 1983) rabbit lymphoid cells were maintained in RPMI-1640 medium
supplemented with 10 % foetal bovine serum (FBS) (Gibco BRL, UK), 2 mM L-
glutamine and antibiotics. Vero cells were grown in DMEM medium supplemented
with 10 % (FBS), 2 mM L-glutamine and antibiotics.

Transfection

Transfection with the ExGen 500 transfection reagent - 22 kDa linear
polyethylenimine (MBI Fermentas, Lithuania) was performed according to the
manufacturer’s protocol. Briefly, cells grown in 24-well plate were transfected with 2
mg plasmid DNA mix with 6 equivalents of ExGen500 in 100 ml of 150 mM NaCl solu-
tion per well. For electroporation 2x10” MT-2 cells were suspended in 400 ml of RPMI-
1640 with 50% FBS, mixed with 20 mg plasmid, placed in 4 mm gap cuvette model 640
(BTX, USA) and electroporated with 100 V electric pulse for 50 msec followed by 200
msec pause for five cycles.

Nucleofection of MT-2 cells was performed with Cell Line Optimization
Nucleofector™ kit according to manufacturer’s instructions using the apparatus pro-
vided by Amaxa biosystems (Germany). 10¢ cells were suspended in 100 ml of
nucleofector solution V, mixed with 5 mg of the plasmid and subjected to
nucleofection using protocol A-23.

Estimation of Transfection Efficiency and Selection of Transfected Cells

Transfection efficiency was assessed by microscopic examination of GFP fluo-
rescence in non-fixed cell preparations 24 hours after transfection. Selection of G418
resistant MT-2 cells was carried out at 1200 mg/ml of antibiotic for 4 weeks. Then
transfected cells were maintained in the growth medium supplemented with 400 mg/
ml of the antibiotic G418.

Isolation of Total Cellular RNA and Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total cellular RNA was extracted using TRIzol reagent (Invitrogen, UK) according
to the manufacturer’s protocol. After treatment with DNase I (Sigma, USA), 100 ng of
the RNA sample was subjected to reverse transcription using RNA PCR Kit (AMV) Ver.
2.1 (Takara, Japan) in a 20 ml reaction mixture volume according to the manufacturer’s
protocol. After reverse transcription, amplification in 50 ml of 50 mmol/L Tris-HCI, pH
9.0; 20 mmol/L NH,SO,; 1.5 mmol/L. MgCl,; 50mmol/L of each deoxynbonucleotide triph-
osphate; 1 unit of Taq polymerase, was performed. Primers specific to HTLV-1 LTR U3
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region BA2 (sense): S’GCTTAGAGCCTCTCAGTGAA 3’ (position 36-55) and MM 1
(antisense): S’ AGGACGGCTTGACAAACATG 3’ (position 249-231) were used at a fi-
nal concentration of 200 nmol/L. 35 cycles of amplification at 94°C for 30 seconds, 58°C
for 30 seconds, and 72°C for 45 seconds, was performed. Amplification products were
separated in 1.5 % agarose and visualised with ethidium bromide staining.

Results and Discussion

Insertion of the neo Gene into pMPSVEH, pMHTs, pMHTas

The neo selection gene was excised with Hind [/l and BamH [ restrictases from
the pKO Scrambler NTKV-1907 plasmid and inserted between Hind III and BamH I
sites of plasmids pMPSVEH, pMHTs, pMHTas, respectively (Fig.1A). The new con-
structs were designated as Plneo, P4neo and P2neo, accordingly. To construct the
plasmid harbouring only HTLV-1 LTR U3 sequence, which contains 21 bp repeats,
recognised by HTLV-1 transactivator protein Tax, the pKO Scrambler NTKV-1907
plasmid was used as a backbone. First, the thymidine kinase gene was excised with
Rsr II. Then the 226 bp fragment of the HTLV-1 LTR U3 was cut out from pHTLV-1 by
Sma I and Hinc II digestion and inserted into Sma [ site of the intermediate construct
(Fig. 1B). The new construct was named as P5neo.

Insertion of gfp Gene

The MPSV promoter with the HTLV-1 LTR U3 sequence was excised with Pst [
from the plasmids pMHTs and pMHTas and inserted into Nsi [ restriction site of
phrGFP-1 (Fig. 2A). The constructs were designated as P4AGFP and P2GFP, respec-
tively. To construct the plasmid harbouring only HTLV-1 LTR U3 sequence with gfp
reporter gene, the 226 bp fragment excised with Sma [ and Hinc II from pHTLV-1 was
inserted into phrGFP-1. For this purpose the phrGFP-1 plasmid was cut with Nsi / and
protruding termini wete filled in by T4 DNA polymerase. The new construct was
named as PSGFP (Fig.2B).

Transfection of MT-2 and Ra-1 Cells and Selection of Transfectants

In order to test the expression of the inserted marker genes, MT-2 cells were
transfected by different methods. Results of transfection using the gfp gene as a
marker are summarised in Table 1. No significant differences in transfection rates were
observed with different plasmids. All constructs harbouring gfp caused bright green
fluorescence in the transfected cells during at least one week of observation. Trans-
fection efficiency by electroporation in this set of experiments was in accordance with
literature data (Sambrook et al, 1989). This is the first report to our knowledge which
decscribes transfection of lymphocyte cell lines, like MT-2 and Ra-1, using ExGen 500
transfection reagent. The transfection rates achieved by this method are very low
(Table 1) and although they may be probably improved it is obvious that application
of new methods like nucleofection is preferable. The high efficiency of the
tucleofection in comparison with other non-viral transfection methods is notewor-
thy. Probably, it can be explained by the ability of this method to deliver DNA di-
rectly into cell nucleus and initiate expression of transgene in few hours (Lai et a/
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2003; Trompeter et al., 2003). The efficiency depends strongly on the cell line used,
and transfection conditions have to be found selectively for each type of cells. Simi-
lar results were obtained when Ra-1 cell line was transfected by electroporation.

To test efficiency of the neo gene carrying constructs Plneo, P2neo, P4neo and
P5Sneo, ca. 10° MT-2 cells were transfected with Smg DNA of each plasmid using most
effictent novel nucleofection technique. After 24 hours cells were transferred on growth
medium containing 1200 mg/ml of G418, and after two more weeks viable cells were
counted. The efficiency was calculated as a number of viable cells per 1gg of DNA
used for transfection (Table 2). Obvious are differences in the transfection rates when
a control plasmid Plneo (not harbouring any virus sequence), or constructs containing
HTLV-1 sequences in various orientations are used. It 1s tempting to speculate that this
may be due to the expression of the cloned virus sequences in the transfected cells,
but this assumption should be tested more carefully. It should also be mentioned that
no differences were observed with constructs harbouring the gfp gene (Table 1).

Table 1

Transfection efficiency with the constructs harbouring the gfp gene
(average results of 3-4 experiments)

ExGen500 reagent Electroporation Nucleofection
gfp positive | Dead cells, | gfp positive | Dead cells, | gfp positive | Dead cells,
cells, % % cells, % % cells, % %
MT2 | 0.05-0.1 2 3-4 50-80 15-17 10-15
Ra-1 |ND ND 34 60-80 ND ND
Vero | 65-70 1 ND ND ND ND
ND - not done

Table 2

Transfection efficiency of the MT-2 cells after two weeks
of cultivation on medium containing G418 (calculated as a number
of viable cells per 1Img DNA used)

Plasmid Transfection efficiency
Plneo 1.2x10°
P2neo 3.7x 10°
P4neo 8x 10°
PSneo 8x 10
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Examination of as-RNA Expression in Modified Constructs

To assess whether the introduced genes (neo, gfp) did not affect the expression
of as-RNA from the new-made constructs, Vero cells were transfected with the P2neo,
P4neo and P2GFP constructs using ExGen 500 transfection reagent. Vero cells were
used as easy transfectable and HTLV-1 negative cell line to avoid crossreaction with
viral mRNA as one could expect in HTLV-1 producing MT-2 and Ra-1 cells. Total
cellular RNA from transfected Vero cells was isolated and checked for HTLV-1 LTR
U3 RNA expression by RT-PCR. In all tested samples expression of HTLV-1 LTR U3
fragment was clearly observed (Fig. 3) and the introduced marker genes did not affect
it. Thus, the new constructs will allow applying better and faster selection in further
experiments on the efficiency of as-RNA approach in antiviral therapy.
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Summary

The use of antisense RNA and other nucleic acid agents to suppress viral repli-
cation is a promising alternative to traditional therapy. To investigate the possibility
of HTLV-1 inhibition the plasmids carrying HTLV-1 LTR U3 sequence 1n sense and
antisense orientation driven by MPSV promoter as well as non-expressing plasmid
with cloned HTLV-1 LTR U3 fragment were used. As lymphocytic HTLV-1 producing
cell lines are very hard to transfect, the selection of successfully transfected cells 1s
required. To enhance efficiency of the selection procedure and to avoid laborious
and time-consuming cloning, the analogical plasmids harbouring marker neo and gfp
genes were constructed. In order to test the expression of the inserted marker genes,
different transfection methods were applied. The best results were obtained with novel
nucleofection technique based on electroporation, which showed higher transfection
efficiency and lowest cell damage comparing to conventional electroporation. It was
shown that all obtained constructs are functioning and allow convenient selection
by introduced genes in MT-2 and Ra-1 cells. Also inserted neo and gfp genes did not
affect the expression of HTLV-1 RNA from MPSV promoter in HTLV-1 negative Vero
cells, transfected with the new-made plasmids. Thus, the new constructs will allow
applying better and faster selection in further experiments on the efficiency of the

antisense RNA approach in antiviral therapy.
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Figure I. Construction of the plasmids P2neo, P4neo and P5neo.

A. Neomycin Phosphotransferase gene (1647 bp) was excised from pKO Scrambler NTKV-
1907 with BamH I and Hind IIl and inserted between BamH I and Hind III sites of
pMHTas and pMHTs, respectively.

B. Insertion of HTLV-1 LTR U3 fragment into pKO Scrambler NTKV-1907. First, the
thymidine kinase gene (2019 bp) was excised with Rsr II. Then HTLV-1 LTR U3 frag-
ment (226 bp) was cloned into Sma [ restriction site of the construct.

Abbreviations:

MPSV - Myeloproliferative sarcoma virus; SV 40 poly (A) - Simian Virus 40
polyadenilation signal; Ap R - ampicillin resistance gene; ori - replication origin of the plas-
mid; PGK — mouse phosphoglycerol kinase promoter; Neo — Neomycin
Phosphotransferase; Poly (A) — polyadenilation signal; ColE1 ori — ColEl replication origin
of the plasmid; Amp’— ampicillin resistance gene.
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Figure 2. Construction of the plasmids P2GFP, PAGFP and P5GFP

A. MPSV HTLV-1 LTR U3 fragments (about 900 bp) were excised from pMHTas and
pMHTs with Pst I and inserted into Nsi ] restriction site of the phrGFP-1.

B. HTLV-1 LTR U3 fragment (226 bp) was excised from pHTLV-1 with Sma I and Hinc
IT and inserted into Nsi [ restriction site of phrGFP-1.

Abbreviations:

pCMV — cytomegalovirus promoter; MCS 1 - multiple cloning site 1; h*GFP — green fluo-

rescent protein; MCS 2 - multiple cloning site 2; SV 40 pA — Simian Virus 40

polyadenilation signal; f1 ori — f1 origin of single stranded DNA replication; 4p R — ampi-

cillin resistance gene; pUC ori — pUC origin of replication of the plasmid
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< 2140bp

M 1 2 3 - 3

Figure 3. Expression of HTLV-1 LTR U3 RNA in Vero cells transfected with P2neo, P4neo
and P2GFP (RT-PCR).

M — 100 bp DNA Ladder (Promega, USA); line 1 — Ra-1 RNA, positive control; line 2 —

RNA of Vero cells transfected with P2neo; line 3- RNA of Vero cells transfected with

P4neo; line 4 — RNA of Vero cells transfected with P2GFP; line 5 — RNA of intact Vero

cells, negative control; line 6 — water.
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Specific inactivation of gene expression is an attractive approach for development of successful
antiviral therapy. Antisense nucleic acids have great promise in the treatment of retroviral infec-
tion. The potential application of the antisense approach for suppression of human retrovirus
HTLV-1 is discussed. A brief overview of the biology and pathogenicity of HTLV-1, the antisense
approach, the action of different classes of antisense compounds, and the delivery methods of
antisense drugs into organisms, are provided. Also, the choice of the target gene for antisense in-
hibition of HTLV-1 and possible therapy strategies are dicussed. In vitro studies of antisense nu-
cleic acids effect on HTLV-1 replication are reviewed.
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INTRODUCTION

Over the past few years, tremendous progress has been
made towards using antisense (as) nucleic acids as thera-
peutic agents. As-nucleic acids, complementary to specific
chosen virus genome sequences, have proved to be efficient
antiviral agents with high specificity and low toxicity
(Whitton, 1994; Varga et al.,, 1999). Nevertheless, the
evaluation and use of antisense drugs in control of viral in-
fection remains at an early stage of development. Research-
ers still have to demonstrate that this technique works in hu-
man cells and in human bodies. Clinical trials with
antisense nucleic acids have been already started, and cur-
rently more than a dozen successful biotechnology compa-
nies are focused on antisense technology. The goal of this
review is to provide an overview of the current status in the
development of antisense drugs against HTLV-1, the first
human retrovirus to be described, and to assess the future
potential of as-nucleic acid-based drugs as therapeutic
agents against HTLV-1 infection.

BIOLOGY AND PATHOGENICITY OF HTLV-1

Human T-cell lymphotropic virus type | is an exogenous
oncogenic retrovirus which is associated with a variety of
severe human diseases. It is estimated that one to two mil-
lion people are infected by HTLV-1 in Japan alone, where
the virus is endemic, and approximately 10 to 20 million
People are HTLV-1 carriers worldwide (Franchini, 1995).
The main transmission routes are from mother to child, sex-
ual transmission, blood transfusion, and shared contami-
hated needles among drug addicts (Tajima ef al., 1994).
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HTLV-1 is the first characterised human retrovirus belong-
ing to the HTLV/BLV (bovine leukaemia virus) group.
HTLV-1 preferentially targets and transforms CD4+ T-lym-
phocytes (Collins et al., 1996). The virus infects cells
mostly via cell-to-cell contact which results in viral enve-

‘lope-mediated membrane fusion between HTLV-1-infected

cells and adjacent uninfected cells, while infection by free
virus particles is less possible (Sagara et al., 1997). Such
cell-to-cell fusion leads to the production of a multinucleate
cell — syncytium. A cellular receptor(s) for HTLV-1 still re-
mains undetermined. Therefore, the pfenomenon of syncy-
tium formation is used extensively to study virus entry into
cells, as well as for quantitative assesment of the virus
(Delamarre et al., 1997; Niyogi and Hildreth, 2001).
HTLV-1 lacks a typical oncogene (Weiss, 1984) and inte-
grates randomly into the cell genome (Leclercq et al, 2000).
In addition to the structural gag, pol, and env genes, the
HTLV-1 genome has the unique pX region located between
the env gene and the 3’LTR (long terminal repeat) region,
which encodes the Tax and Rex proteins (Figure 1). The vi-
ral regulatory protein Tax has been shown to be responsible
for the oncogenic potential of the virus. The Tax protein en-
hances the transcription of the virus through its interaction
with a specific sequence (three 21 basepair repeats) in the
virus LTR U3 region (Suzuki er al, 1993). Through interac-
tion with the groups of cellular transcription factors and
coactivators (e. g. NF-kB transcription factor family), Tax
induces trans-activation of transcription of a number of cel-
lular genes, including cellular oncogenes (e. g. c-fos, c-jun,
c-myc, c-ras) and growth factors ( e. g. IL-2, [L-6, TNF-a,
TNF-b, GM-CSF) (Matsumoto et al., 1997; Yao and
Wigdahl, 2001). It deregulates the normal cell cycle through
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Fig. 1. Genomic structure of HTLV-1 proviral DNA ( modified from Yao
and Wigdahl, 2001). The viral mRNAs and the corresponding viral pro-
teins are also shown. Dashed lines represent introns in the viral mRNAs.

The structural proteins, the virion-associated enzymes, and envelope pro-
teins, are encoded by the gag (group-specific antigens), po! (polymerasc),
and env (envelope) genes respectively, which are common to all known
retroviruses. The HTLV-1 genome is flanked at each end by a long termi-
nal repeat, LTR. Each LTR is composed of U3 (unique 3°), R (repecated)
and US (unique 5°) regions. LTR is important in regulating proviral gene
expression as well as mRNA termination and polyadenylation. The U3 re-
gion contains three 21 basepair repeats wich are responsible for Tax-medi-
ated trans-activation of viral transcription. NT is a non-translated region.
Two important viral regulatory proteins, Tax and Rex, are encoded by the
pX region. Both are translated from doubly-spliced subgenomic mRNAs
and are essential for the viral life cycle. The functions of other regulatory
proteins (plZ', p13", p30", not shown here), encoded by pX region are not
clearly understood yet.

binding to inhibitors of cyclin dependent kinases 4/6, and
can it inhibit also some tumour repressor genes (Cereseto et
al., 1996; Low et al., 1997). These effects on a wide variety
of cellular targets seem to co-operate in promoting cell pro-
liferation. This is an effective viral strategy to amplify its
proviral genome through replication of infected cells
(Yoshida, 2001). Nevertherless, it is suggested that HTLV-1
in infected patients is not silent and is transcriptionally ac-
tive (Asquith et a/., 2000). Thus, successful treatment of
HTLV-1-associated diseases requires inhibition of the viral
transcription as well as pathology-specific therapy.

Persistent infection by HTLV-1 can cause an agressive and
lethal disease, adult T-cell leukemia (ATL), which is char-
acterised by clonal expansion of HTLV-Il-transformed
cD4" lymphocytes and a long latency period (2030 years)
(Kawano et al., 1985). HTLV-1 is the etiologic agent of the
neurodegenerative disease HTL V-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP). A characteristic
feature of this peripheral nervous system disorder is a
strong, destroying response of the immune system to
HTLV-1 antigens (particularly Tax) (Bangham, 2000).
HTLV-1 is also associated with arthritis, uveitis, infective
dermatitis, polymyositis, and other pathologies (Yodoi and
Uchiyama, 1992). The list of diseases associated with the
HTLV-1 has been ever more extended in the past several
years (for a review, see Yao and Wigdahl, 2001). Despite
vaccination, which has reduced the incidence of several vi-
ral infections (e. g. polio, mumps, rubella, measles), the
treatment of diseases caused by retroviruses (e. g., the
HTLV/BLV group, the human immunodefficiency virus
HIV) remains problematic. Although some progress in the
treatment and prophylaxis of HTLV-1 infection has been
made, neither vaccines nor satisfactory treatment of
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HTLV-1 associated diseases is currently available. Th
the development of suitable theraupeutic means aga
HTLV-1 infection is still of great importance.

ANTISENSE TREATMENT STRATEGIES

A promising new therapeutic strategy is selective blocka
of the gene involved into pathogenesis of a disease. It mig
be possible to design gene therapy strategies that altoge
avoid viruses and their drawbacks. Traditional approac
allow targeting of protein functions, whereas antisense th
apy can be directed toward not only the protein-coding
gions but also against nucleic acid sequences that cont
replication, transcription, and translation of the virus. D
ferent antisense strategies depending on the nature of {
pathological condition can potentially be applied to inhi
certain viruses. These include using different types of
compounds, administration routes applied and ways of g
livery into a cell, therapy target choice, as well as combi
tion of multiple targets for therapy simultaneously. To
antisense nucleic acids as realistic therapeutic agents, s¢
eral tasks should be first fulfilled. These tasks are the ¢
cient delivery to a high percent of the cell populatio. . ¢ffj
cient long-term expression from a vector, co-localisat
with the target, and specific action with the desired mRN

Antisense nucleic acids and the mechanism of their
tion. Two strands of nucleic acids can form a ng
covalently bound duplex as a result of Watson—Crick b3
pairing, where adenine can form a hydrogen bond W
thymine/uracyl, and cytosine can bind with guanine In @
case of DNA, one strand serves to store the genetic col
and is called the sense strand, while the other provides @
complementary supporting strand and is known as the 4
tisense strand. RNA is generally copied from the antise
strand and has the same sequence as the DNA sense stran

Three main mechanisms of action have been reported
the antisense nucleic acids: 1) oligonucleotides, designed
antisense orientation, hybridise to their target mRNA i
strict base-pair specific manner (Watson—Crick base p3
ing) and thus block the translation; 2) they can bind 10 8@
genomic DNA in the nucleus and thus block the transcr
tion (Hoogsteen-type base triplets), 3) the third, unspec
mechanism of the action is the binding of the as-nucl
acid to a target protein that has been referred to as antiset
aptamer-binding (Lavrovsky ef al., 1997). Thus, inhibit
can take place on different levels of gene express
(mRNA transcription, processing, and translation) (Fig
2).

Mainly two types of as-nucleic acids are used: as-oli§
deoxynucleotides (ODNs) and as-RNAs. As-oligodec§
nucleotides are short (15-25 base-pairs), single-straiid
DNA molecules complementary to the target mRNA 3
DNA sequence, which are administered exogenously "%
cell. As-RNAs are produced intracellularly from an exXf®
sion vector which can be introduced into a cell by differd
approaches (Mahato er al., 1997).
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Fig. 2. The stages of retrovirus replication which could
be affected by as-nucleic acids; ss-RNA, single-

AS-nucleic
stranded RNA; ds-DNA, double-stranded DNA.
acid
/ During the retrovirus life cycle, as-nucleic acids can
Adsorption / / \ T Viralbudding  affect the virus at different levels of its replication: re-
) pﬁg verse transcription, viral mRNA transcription, process-
<2 T — i ol ing and protein synthesis (translation). Adsorption of
Uncoating ¢ Assembly T the virions on the cell membrane also could be affected
ssRNA —— by exogenously added nucleic acids, due to unspecific
2 i a0 Viral proteins  interaction with the cell membrane (Miyano-Kurosaki
RU5 U3R P = et al., 1996). At the stage of reverse transcription, ef-
l transcription Transla(ionT fective inhibition could be achieved with as-RNAs
ds-DNA complementary to the viral reverse transcription inter-
——————_ Genomic RNA mediate, a plus-strand strong-stop DNA (LTR region)
U3RU5 U3RUS — (Peng et al., 1997). Complementary binding of as-DNA
Integration into — ] Spliced RNA 41 a5-RNA to viral mRNA transcripts or proviral DNA
the cell genome ? physically obstructs their translation or transcription,
Nucleus correspondingly. An additional effect of as-nucleic acid
Provird transcription RHA pracassing binding to the targeted DNA or RNA sequence is the
UMBRUS BB b5 » — cleliivlage of DNA‘;-}}\?NA ;nddfg;A-RTl\-lA duplf?ccs; by
Integrated proviral DNA 7 N7 Transcribed viral RNAS i s b e

A major concern with the use of as-ODNs has been their
low stability in tissue culture medium and, ultimately, in the
living host. Such short nucleic acids (due to constraints in
the permeability of cell membranes for big molecules) are
susceptible to nuclease degradation when they are adminis-
tered into an organism. Modifications in the base, sugar,
and phosphate moieties of oligonucleotides have been re-
ported to stabilise the molecules (e. g. phosphorothioates,
morpholino) (Summerton and Weller, 1997).

Antisense RNAs hold great promise for therapeutic use in
the future. Contrary to as-oligonucleotides, as-RNAs are
produced in the cell continuously and, in comparison with
short oligonucleotides, they can bind longer sequences and
block their expression. Therefore, the as-RNA action is ex-
pected to be much more specific and more long-term (Weiss
et al., 1999).

These “classic” antisense approaches, catalytic RNA mole-
cules called ribozymes, are being assessed as potential an-
tiviral agents. Ribozymes can cleave other RNAs and, after
destroying one target molecule, they can move to the next,
thus offering the potential benefit of cycling (Whitton,
1994). The ribozyme RNA consists of antisense sections
(Which allow to target it specifically) and a catalytic do-
main. Two classes of ribozymes, defined by the secondary
structure of the ribozyme RNA catalytic core, are being
used as antiviral agents: hammerhead and hairpin ribo-
Zymes. Ribozymes combine enzymatic processes with the
specificity of antisense base pairing (James and Gibson,
1998). They can be delivered to cells as preformed ribo-
Zymes (exogenous delivery) or as ribozyme genes, a method
of endogenous delivery.

!ntroduction of therapeutic nucleic acids into an organ-
sm. Methods for introduction of an alien gene into an or-
ganism are not completely developed so far. There is no
“8ood universal” vehicle to transfer the gene of interest. All
of the vectors that are currently available have both advan-
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tages and disadvantages. Traditionally, viral vectors have
been used as an effective means of gene therapy. To use vi-
rus as a vector for gene therapy, specific genes involved in
viral replication of the intact wild-type virus are modified or
deleted, and a transgene is inserted into the viral genome us-
ing molecular biological techniques. Viral gene delivery of-
fers many intrinsic advantages: 1) specific cell-binding and
entry properties; 2) efficient targeting of the transgene to the
nucleus of the cell and; 3) the ability to avoid intracellular
degradation (Robbins and Ghivizzani, 1998). However, the
use of viral vectors requires expensive cell culture methods,
because the cell population must be expanded significantly
to produce a sufficient quantity of the virus. Also, it can
cause an inflammatory response of the organism leading to
undesirable side effects. Therefore, in the past few years, in-
tensive research has been focused on the development of
non-viral gene delivery vectors that employ plasmid DNA
encoding a target gene (for a review, see Mahato et af.,
1997). Non-viral transfection techniques allow to reduce the
risk of introduction of a potentially replicating virus and the
respective inflammatory response of the organism. A major
problem in development of non-viral delivery systems is the
low transfection efficiency which limits their application.
Nevertheless, this is an attractive in vivo gene delivery strat-
egy which is simpler, less expensive, and lacks some of the
risks inherent in the viral systems. It has been demonstrated
that lyposomes, receptor-mediated polycation systems, and
that virus-like particles are promising carriers for delivery
and expression of plasmid DNA encoding genes into the
target cells (Boussif et al., 1995; Abe et al., 1998; Pumpens
and Grens, 1999).

The in vivo approach involves the transfection of tissue cells
by introducing an as-drug through systemic administration
or in situ through direct injection into target organs. Gene
therapy by systemic administration of an as-drug with a
non-viral carrier does not seem to be practical because of
the rapid elimination of the plasmid DNA from circulation,
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poor target specificity, and possible toxicity to non-target
tissues (Mabhato et al., 1997). Local administration methods,
such as direct injection into the target site (liver, thymus,
bone marrow, etc.) are being attempted in in vivo gene ther-
apy (Wood and Prior, 2001). The importance of bone mar-
row cells, particularly the sub-population of hematopoietic
cells, has never been underestimated in the context of gene
therapy. Their potential for self renewal and differentiation
into all hematopoietic lineages makes them very attractive
as targets for gene transfer, especially when long-term
transgene expression is required. These techniques could be
of potential value in the antisense therapy of human leuke-
mias. Clinical trials of anti-HIV-1 therapy, where as-RNAs
were transduced with a retrovirus-based vector into hemato-
poietic cells, have been reported (Liu et al., 2001). Autolo-
gous CD34" hematopoietic stem cells from HIV-1-infected
patients were transduced with three antisense sequences tar-
geted either to the TAR or to two separate sites of the TAT
region in the HIV-1 genome. The continued expression of
the anti-HIV-1 antisense genes in HIV-1-infected subjects
was detected in peripheral blood mononuclear, CD4" (98%
pure), and bone marrow CD34" cell populations isolated
from the patients infused with the transduced bone marrow
CD34" stem cells. Such a strategy could be prospective also
for the treatment of adult T-cell leukemia caused by
HTLV-1.

Construction of as-nucleic acids expression vectors.
Choice of a promoter. A long-term approach is to clone an
as-sequence into a mammalian expression vector, with the
intent to control expression of the as-sequence or ribozyme.
A large excess of as-RNA molecules over target RNAs is
important for effective inhibition of virus replication (Shay-
akhmetov ef al., 1997). To achieve this goal, the as-gene
should be inserted into an expression vector behind an ap-
propriate promoter sequence. A promoter is a regulatory se-
quence of DNA that is located upstream of a gene, and to
which proteins (transcription factors and RNA polymerase)
bind to initiate the synthesis of mRNA and subsequently
protein. Appropriate promoter systems allow to ensure high
levels of as-gene expression in a target tissue, required for
effective antiviral action of as-RNAs. Therefore, the pro-
moter choice is one of the crucial points in the construction
of the as-RNA expression-vectors.

Usually, strong promoters, mostly derived from pathogenic
viruses, are used to drive the expression of as-RNA genes
(Shayakhmetov et al., 1997; James and Gibson, 1998). Two
strategies are commonly used. First, the as-gene is inserted
behind a strong promoter for RNA polymerase II, which
may be of viral origin or a strong endogenous promoter
(e. g. the actin gene promoter). One of the main advantages
of the RNA polymerase 1I promoter is the availability of a
tissue-specific and regulable promoter. Second, an alterna-
tive to RNA polymerase II is use of the RNA polymerase 111
promoter. The RNA polymerase HI transcribes a variety of
small nuclear and cytoplasmic RNAs that are abundant in
all cell types (e. g. tRNA). However, in their present form,
this type of promoter cannot be regulated, and its use in cer-
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tain applications is limited (Lavrovsky et al., 1997; Jy
and Gibson, 1998).

Strong viral promoters have been successfully used ix
in mammalian cell cultures where the inflammatory ¢
kines are not present. However, it has been reported thy
expression of sequences cloned behind some widely
strong viral promoters (e. g. cytomegalovirus promoter)
be affected by cytokines produced by immune system
(INFy, TNF-a) in vivo (Gribaudo et al., 1993).

The ideal as-RNA constructs must provide expressio
antiviral as-RNA genes only in those cells of the orga
which can be infected by the virus, and only when they
infected. Shayakhmetov et al. (1997) demonstrated
these criteria can be achieved, at least partially, by using
own promoter of the virus to drive the as-RNA gene.
authors showed a 75 % inhibition of BLV replication
as-RNA targeted to the BLV LTR RUS region driven by
BLV U3 promoter. This strategy was also applied succ
fully for HTLV-1. It was demonstrated that the HTL
LTR driven antisense c-myc construct suppressed c-myc
pression and inhibited the growth of HTLV-|-infected
transformed cells of the human T-cell line HUT102 (F
and Shiku, 1993).

Choice of the target. An important issue in creation o
antisense therapeutic molecule is to address the as-nuc
acid to a proper virus target gene. As it is known, certain
rus sequences are highly conserved. Such "immutable”s
would be difficult to target as protein, but they may be
accessible to antisense assault. In this case, the emerge
of antisense-resistant mutants is unlikely. In the case of
animal virus BLV which is closely related to HTLV-1,
fective inhibition was demonstrated by using as-RNAs
geted to the virus LTR RUS and pX regions. A numbe
constructs were obtained under the control of various
moters (HSV TK, SV40). The most effective suppressio
BLV replication was observed with as-RNA against
RUS region of BLV LTR. A significant but less mar
suppression was observed with as-RNA targeted to the B
pX region (Murovska er al., 1992; Shayakhmetov o
1997). Peng et al. (1997) also showed that intracellular
pression of HIV-1 sense or antisense U3RUS5 sequen
conferred long-term inhibition of HIV-1 replication, des
the continuous presence of viral challenge in the transdu
Jurkat cell line.

A promising candidate for HTLV-1 suppressive gene t
apy is the Tax protein, as it is an early transactivator of
expression of all HTLV-1 genes. Therefore, the as-nucl
acids targeted to the fax gene and to the HTLV-1 LTRR
region are prospective targets for HTLV-1 suppressive

apy.

As the LTR U3 region contains the Tax-responsive enh
cer sequence (three 21 base-pair repeats), it would be of
terest to study the antiviral activity of constructs targeted
the HTLV-1 rax gene and LTR U3 region sequences siM
taneously. Also, in the case of HTLV-1, one could exP
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that a mechanism other than antisense binding could be in-
volved additionally. Briefly, when a plasmid vector express-
ing as-RNA to the LTR U3 region is introduced into a cell,
also the sense LTR U3 DNA sequence of the introduced re-
combinant DNA can compete with viral and cellular DNA
sequences for the virus transactivator Tax (trap for the Tax
protein). Hence, the effects of aptamer binding and block-
age of Tax translation through an antisense mechanism (by
as-RNA produced from the plasmid vector) may be com-
bined. Such a possibility was assumed by Shayakhmetov et
al. (1997) in work with BLV, where the inhibition of the vi-
rus was observed using a plasmid harbouring only the virus
promoter LTR U3 sequence as a control (without the as-se-
quence). Theoretically, this strategy could be promising for
more efficient inhibition of the virus transcription and Tax-
mediated oncogenic and immunogenic effects.

INHIBITION OF REPLICATION OF HTLV-1 BY AN-
TISENSE NUCLEIC ACIDS

The use of the antisense approach to inhibit HTLV-I repli-
cation has been described mostly in vitro, in cell cultures.
There are only a few publications where it was demon-
strated in vivo.

Studies in vitro. Antisense oligodeoxynucleotides. Maeda

et al. in 1997 showed a 59 % inhibition of syncytium for-
mation between HTLV-1-producing human T-cell line
C91/PL cells, and HTLV-1-uninfected human glioma cell
line U251-MG cells, by antisense oligonucleotides comple-
mentary to the region of initiation codon of tax gene. Also,
the effects of ODNs complementary to the first splice junc-
tion, the Rex-responsive site, gag, env, tax, rex, and p21, on
syncytium formation, have been evaluated. Syncytium for-
mation was significantly inhibited by as-ODNs to env, tax,
gag, p21, and rex, with as-ODNs to env being the most in-
hibitory. Antisense ODNs to env and fax also inhibited re-
verse transcriptase activity (Maeda et al., 1998).

It is important to note that the action of exogenuously intro-
duced ODNs is short-term. Therefore, ODNs must be intro-
duced repeatedly many times. Such a strategy does not
seem optimal for therapy of integrative viruses. Also, it is
not known how specifically these short nucleic acids will
act. Nevertherless, this system is valuable for primary
screening of potentially active antisense sequences.

Antisense RNAs. Von Ruden and Gilboa in 1989 demon-
strated that primary human T-lymphoid cells could be made
partially resistant to HTLV-1 via as-RNA-mediated inhibi-
tion. In that study, two segments of HTLV-1 were chosen as
the targets: (1) the sequence spanning 5’end of mRNA, har-
bouring cis-elements, essential for viral gene expression
(S’splice site) and virus replication (tRNA primer-binding
Site), and (2) the pX region, corresponding to the first
kilobase of the rax gene. It was shown that as-RNA expres-
sion leads to significant, although not complete, inhibition
of HTLV-1 replication (Von Ruden and Gilboa, 1989).
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In our laboratory, recombinant DNA harbouring the
HTLV-1 LTR U3 antisense sequence under the strong
MPSV (Myeloproliferative sarcoma virus) promoter, which
is active in the lymphoid tissues (Artelt et al., 1988), is be-
ing tested. This antisense construct was transfected into a
HTLV-1-infected monolayer cell culture, originally ob-
tained in our laboratory (Bratslavska et al., 2000; Ivanova et
al., 2001). Four cell clones containing the as-RNA gene
were obtained. It was found that the as-RNA gene is inte-
grated into cell genome and inherited during passaging of
the cells. The study showed also stable expression of the in-
troduced sequence in the cells during more then 40 pas-
sages. Preliminary results indicate that the expression of
HTLV-1 in these clones is inhibited. Previous reports and
our results demonstrate that as-RNAs genes targeted to reg-
ulatory sequences of the HTLV-1 genome inhibit the ex-
pression of HTLV-1 in cultured cells, and that they can be
proposed as potential therapeutic agents (Von Ruden and
Gilboa, 1989; Maeda ef al., 1998).

Ribozymes. Antiviral activity of ribozymes targeted to the
HTLV-1 tax and rex genes has also been reported. Ham-
merhead ribozyme targeted against HTLV-I tax/rex mRNA
was introduced into synovial cells obtained from patients
with HTLV-l-associated arthropathy and from patients with
HTLV-I-negative rheumatoid arthritis. The ablation of Tax
expression as well as the ability of the cells to stop prolifer-
ating and to undergo apoptosis were examined. Both tran-
scription of tax mRNA and Tax protein synthesis were in-
hibited significantly, resulting in inhibition of synovial cell
growth and induction of apoptosis (Kitajima ef al., 1997a).
Intracellular activities of the ribozymes targeted to HTLV-1

“tax/rex mRNA were studied also in HTLV-1 tax cDNA-

transfected rat embryonic fibroblasts (Rat/Tax cells) which
expressed the Tax. Tax protein levels were decreased by
about 95 %, while Tax antisense oligodeoxynucleotides re-
duced Tax expression by about 20 % (Kitajima et al,,
1997b).

Experiments in vivo. Very little research has been con-
ducted so far with respect to investigation of anti-HTLV-1
activity of as-RNA and ribozymes in animal mode! systems.
The existing animal models of HTLV-1 infection display
different patterns of infection and resulting pathologies;
thus, choice of the animal model depends on the pathology
studied. Kitajima et al. (1992) reported the occurrence of
suppression of fibroblastic tumours developed in HTLV-1
Tax transgenic mice by as-ODNs to the NF-kB transcription
factor. Treatment with ODNs to Tax showed virtually com-
plete suppression of Tax expression, but not regression of
the tumours (Kitajima et al., 1992).

Due to many technical difficulties associated with the pro-
duction of transgenic animals, there are few reports of the
anti-viral effects of as-RNAs genes in transgenic mammals.
However, the results of these few studies indicate that as-
RNA-mediated inhibition can effectively prevent viral in-
fections in vivo. Kozireva et al. (1996) studied the sensitiv-
ity of rabbits to BLV infection, both in wild type and trans-
genic animals, in the latter with the as-RNA gene targeted at
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the LTR RUS region of BLV. The obtained results indicated
that the anti-BLV as-RNA gene confers enhanced resistance
to BLV infection in transgenic rabbits compared to wild
type animals. Continuing this investigation, the authors
found that the expression level of as-RNA in transgenic rab-
bits was not sufficient to block completely BLV reproduc-
tion, although it was sufficient to abort infection in rabbits
(Murovska et al., 2001). Therefore, the investigation should
be continued to elucidate optimal targets and as-gene-
expressing constructs that can inhibit effectively the virus
replication and prevent pathologies.

CONCLUSIONS AND FUTURE PROSPECTS

Data on inhibition of HTLV-1 and other retrovirus infec-
tions by using antisense technology suggest that antisense
nucleic acids and ribozymes can effectively inhibit HTLV-1
replication in vitro. In previous studies with ODNs, the
most preferential target sequences for effective inhibition of
the virus have been determined. The next logical step is the
design of vectors expressing antisense RNAs and ribo-
zymes, to create more specific and flexible antisense thera-
peutic systems. The use of specific vectors for direct deliv-
ery of genetic materials into certain cells and tissues, and
application of strong or inducible promoters to regulate the
expression of as-sequences, allow the development of new
as-constructs for antiviral protection. As the pathogenesis of
HTLV-1 associated diseases is very complex, a panel of
antisense drugs targeted not only to the virus, but also to
some virus-activated cellular genes (e. g. NF-kB and
c-myc), needs to be established. With improvements in sta-
bility, delivery, and design of as-nucleic acids, the antisense
approach is certain to become one of the most important
tools in gene therapy. Despite the present drawbacks, the
potential power of antisense therapy remains undisputable,
and soon these techniques will make an important contribu-
tion to viral infection therapy. To accumulate needed expe-
rience for the practical application of modern antisense
technologies for the supression of the certain viruses (e. g.
HTLV-1), more trials in vitro and especially in vivo should
be performed.
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HTLV-1 INHIBICIJAS IESPEJAS, IZMANTOJOT ANTIINFORMACIJAS PIEEJU

Viena no daudzsolo3akajam metodem efektivas pretvirusu terapijas izstradé ir specifiska génu ekspresijas kavé3ana ar antiinformacijas
nukleinskabem. Ipada nozime 3is metodes izmanto3anai var biit retrovirusu infekciju profilaksé un arsté3and. Apskata raksta ir analizétas
cilvéka retrovirusa HTLV-1 inhibicijas iespéjas, lietojot antiinformacijas tehnologiju. Dots iss parskats par HTLV-1 biologiju un lomu
patologiskos procesos, par antiinformacijas nukleTnskdbju pamattipiem, to iedarbibas principiem un ievadi$anas pap€mieniem 30na un
Organisma. Apspriesta terapijas mérkgéna izvéle HTLV-1 genoma un aprakstiti in vitro pétijumi, lai noskaidrotu uz HTLV-1 genoma
dazadiem rajoniem adresétu antiinformacijas nukleinskabju pretvirusa tedarbibu.
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The aim of this work was to obtain a convenient monolayer cell culture model to study antisense
RNA inhibitory effect on HTLV-1 replication and transforming ability. For this purpose, a
monolayer human osteosarcoma (HOS) cell line was infected with HTLV-1 by co-cultivation with I V
the virus-producing lymphoid rabbit cell line Ra-1. It was demonstrated that HTLV-1 infection of
HOS cells was productive, stable and long-term. We also found that the obtained cell culture
acquired features of transformation, compared to the initial cell line HOS. This study describes
a useful cell culture system for further examination of new antiviral agents such as antisense

polynucleotides.

Key words: HTLV-1, monolayer cell culture, antisense nucleic acids, cell transformation.

INTRODUCTION

The human T-cell lymphotropic virus type 1 (HTLV-1) is a
transforming human retrovirus which can cause adult T-cell
leukemia (ATL) and HTLV-1-associated myelopathy/tropi-
cal spastic paraparesis. HTLV-1 infection is also associated
with various inflammatory disorders such as arthritis, uvei-
tis, and infective dermatitis (Sarma and Gruber, 1990; Yo-

doi and Uchiyama, 1992).

Since no effective chemotherapy is currently available, it is
important to find suitable therapeutic treatments against
HTLV-1-associated diseases. Antisense RNAs have proved
in many cases to be efficient antiviral agents in cell cultures
(Veres et al., 1998). Up to now, the known HTLV-1-pro-
ducing lymphocyte cell lines are susceptible to cell damage
induced by transfection procedures: the cell density de-
creases after selection with antibiotics which usually leads
to apoptosis (Brielmeier et al., 1998). Therefore, it is diffi-
cult to obtain cell clones which would contain antisense nu-
cleic acid and could be used in the study of antisense con-
struction inhibitory effect and mechanisms of action.

The aim of this work was to obtain a convenient monolayer
cell culture model to study the antiviral activity of antisense
constructions against HTLV-1. It has been shown previ-
ously that HTLV-1 can productively infect the non-lym-
phoid human osteosarcoma (HOS) cell line (Clapham et al.,
1983). By infecting cell culture HOS with HTLV-1, it was
found that HTLV-1 infection in HOS cells is stable and
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long-term. Moreover, after a long passage, the infected cell
line obtained features of transformation.

MATERIALS AND METHODS

Cell cultures. HOS line TE85, human cervical carcinomse
(HeLa) monolayer continuous cell lines, and the HTLV-1-
producing rabbit lymphoid cell line (Ra-1) were used. HOS
and HeLa cells were maintained in Dulbecco’s Modifiec
Eagle’s Medium (DMEM) supplemented with 10 % foeta
bovine serum (FBS; Gibco BRL, UK), 2 mM L-glutamine
and antibiotics. Ra-1 cells were grown in RPMI-1640 me-
dium supplemented with 15 % FBS, 2 mM L-glutamine
and antibiotics.

HTLV-1 infection of HOS cells. The HOS cells were in
fected with a HTLV-1 Japanese strain, by co-cultivatior
with virus-producing Ra-1 cells which were previousl:
treated with mitomycin C (5 ug per ml, for 1 hour at 37 OC)
Co-cultivation was carried out using a suspension of Ra-
lymphocytes at a concentration of 1.5-10° cells per ml. The
virus-infected HOS subline was designated as RaHOS.

Cytogenetic analysis. Cytogenetic analysis of 48-h mono
layers of the RaHOS and HOS cell lines in the phase of ex
ponential growth was performed. The cells were incubate:
with colchicine (1 pg per ml; Sigma, USA) for 30 min, hypo
tonised with 1 % sodium citrate for 30 min, then fixed with

mixture of methanol and glacial acetic acid (3:1) and staine.
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with Giemsa (azure-eosin-methylene blue in phosphate buf-
fered saline) according to Seabright (1971). Metaphase chro-
mosomes were analysed under a light microscope.

Cell proliferative activity. The proliferative activity of
HOS and RaHOS cells was estimated by incorporation of
3H.thymidine (Bratslavska et al., 2000).

Soft agar assay. The ability of RaHOS cells to grow in
semi-solid media was tested according to the protocol of
Freshney (1994, pp. 166-167). One thousand viable single
cells were suspended in I m| DMEM medium containing
0.3 % Noble agar (Difco, USA) and 15 % FBS. The cells
were incubated for three weeks by regular addition of fresh

medium.

Detection of HTLV-1 proviral DNA. Polymerase chain re-
action (PCR) analysis was used. Genomic DNA was iso-
lated from up to 3x10® HOS, RaHOS, Ra-1 cells by
proteinase K digestion followed by standard phenol/chloro-
form extraction. DNA quality was confirmed by PCR for
human B-globin gene according to Vandamme et al. (1995).

One pg of DNA was analysed for the presence of HTLV-1
provirus by nested PCR using primers targeted to HTLV-1
gag, env, and tax genes and the 5° long terminal repeat
(5’ LTR) region. The sequences of primers and PCR condi-
tions have been previously described (Bratslavska et al.,
2000). The DNA from Ra-1 cells was used as a positive
control, and sterile water and the DNA from HTLV-1 free
HOS cells were used as negative controis. The amplified
samples were analysed further by electrophoresis on 1.7 %
agarose gel, followed by ethidium bromide staining and
visualisation in UV light.

Detection of HTLV-1 expression. Rcy_erss_tmnsnnplas:_
polymerase chain reaction (RT-PCR) analysis. Total RNA

was extracted using an “RNeasy Total RNA Kit” (Qiagen,
Germany), from 3x10° HOS, RaHOS and Ra-1 cells as well
as from 1000 fold concentrated (by ultracentrifugation) vi-
rus-containing medium of RaHOS cell culture. After treat-
ment with DNase [ (Sigma, USA), 200 ng of the RNA
sample was subjected to reverse transcription using
M-MuLV reverse transcriptase (MBI Fermentas, Lithuania),
in a 20 pl reaction mixture volume according to the manu-
facturer’s protocol. After reverse transcription, amplifica-
tion with primers to the HTLV-1 tax and gag genes was
performed.

Indirect immunofiuorescence assay (IFA). Cells grown on

cover slips were fixed for 20 min with methanol at —20 Oc
and then air-dried. IFA was performed by a common proce-
dure. Sera from ATL patients were used as the primary anti-
bodies for HTLV-1 antigen detection. As secondary anti-
bodies, a goat anti-human immunoglobulin G labeled with
fluorescein isothiocyanate (FITC) was used.

Syncytia assay (SA). The ability of the RaHOS cells to

induce multinuclear giant cells (syncytia) in HeLa indica-

tor cells was assessed by co -cultivation at a ratio of 1:10

l]'e9$pect1vely (5x10% 5x10* cell per ml) (Hayami et al.,
84).
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RESULTS

Morphology and cytogenetic features of the RaHOS cell
line. Morphological studies of RaHOS cell cultures (using
Romanowsky-Giemsa staining) revealed some signs of
transformation, compared to the initial HOS cell culture.
Although both cell cultures were cultivated simultaneously
in equal conditions, after 60 passages of cultivation, focuses
of multilayer growth in the RaHOS cell culture appeared
while the initial HOS cell culture lacked such features.

Also, the proliferative activity of RaHOS cells differed from
the initial HOS cell culture. After 18 passages, the incorpo-
ration of JH- thymidine in RaHOS cells was 1.4-times
higher, and at the 135th passage 2-times higher, in compari-
son with HOS culture. At 96 hours, the incorporation of
3H- thymidine in RaHOS cells remained high, while in HOS
cells, its level was decreased.

After 30 passages, the RaHOS cells possessed the ability to
form colonies in soft agar. About 0.1 % of the cells formed
colonies of ca. 0.1 mm in diameter. The capacity to form
colonies increased during further passaging, and after 60
and 150 passages, already 0.4 % and 1.3 % of cells, respec-
tively, had formed clumps of increased size (0.15-0.20 mm
in diameter). The initial cell culture HOS TE8S5, used in our
study as the control, did not form colonies in soft agar.

Cytogenetic analysis of RaHOS cells showed that this cell
culture had the human karyotype. The modal number of
chromosomes in RaHOS (60 and 125 passages) and HOS
cells was identical — 48. However, in the RaHOS cell cul-
ture (125th passage), the percentage of polyploid cells was
slightly elevated in comparison with HOS cells (5.4 % and
4.6 %, respectively).

Presence of HTLV-1 proviral DNA in RaHOS cells. Us-
ing a set of HTLV/STLV generic outer and HTLV-1 spe-
cific inner primers for the tax gene, DNA samples extracted
from RaHOS cells were positive for HTLV-1 sequences in
repeated experiments. HTLV-1 infection was further con-
firmed by the presence of gag and env genes, and the
5’LTR region of the virus. During the entire observation pe-
riod (up to 150 passages), the integrated proviral DNA re-
mained.

HTLV-1 mRNA expression. To determine the virus
mRNA transcripts in infected cells, RT-PCR analysis with
HTLV-1 specific primers complementary to the gag and tax
genes was applied. The expression of gag and tax genes was
detected in RaHOS celis at different passages of cultivation
during the observation period from 20 to 150 passages. The
RNA samples were free from contaminating DNA, which
was confirmed by the absence of any amplification products
after PCR with omission of RT.

Presence of HTLV-1 antigens. The presence of HTLV-I
antigens was estimated by IFA. Bright fluorescent regions
in cytoplasm and diffuse fluorescence around the nucleus
were detected in 75-80 % of RaHOS cells at the 65th pas-
sage, when IFA was carried out with HTLV-1 positive sera.
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At the same time, fluorescence was not observed in HOS
cells incubated with HTLV-1 positive sera, nor in RaHOS
cells incubated with HTLV-1 negative sera. The specific
fluorescence in cytoplasm of RaHOS cells was observed
during the whole observation period up to the 150th pas-
sage.

The capacity of RaHOS cells to induce syncytia in HeLa
cells was studied. The proportion of multinuclear cells in
control HeLa cell culture did not exceed 0.6 % and the
number of nuclei in these cells was up to 5. When RaHOS
cells were mixed with HeLa cells, syncytia containing 5-15
nuclei appeared in the indicator HeLa cells, and the total
amount of syncytia increased by up to 1.5-4.0 %. The repli-
cation of HTLV-1 in the RaHOS cell line was also con-
firmed by inhibition of syncytia formation in the presence
of anti-HTLV-1 antibodies, while in the presence of
HTLV-1 negative sera, the syncytia inhibition was not ob-
served.

The productive infection of HTLV-1 in RaHOS cell line.
The production of HTLV-1 virions in RaHOS cell culture
was shown by the presence of the HTLV-1 genomic RNA
in RaHOS culture liquid. For this purpose, the virions were
sedimented by ultracentrifugation and viral RNA was sub-
jected to RT-PCR with HTLV-1 gag- and tax-specific prim-
ers. By using RNA from the cell-free RaHOS supernatant,
HTLV-1 gag- and tax-specific amplification products in
RT-PCR were detected. These results were reproducible in
dynamics during the observation period from 20 to 110 pas-

sages.

Thus, the HTLV-1 replication was demonstrated by the
PCR, RT-PCR, IFA, and SA methods (Figure 1).

DISCUSSION

HTLV-1 preferentially targeted and transformed CD4+
cells. However, the expression of HTLV-1 receptors is not
restricted to CD4+ cells only (Sagara et al., 1998). Co-culti-
vation of HTLV-1-producing cells with a variety of human
and animal non-lymphoid cell types induces cell fusion
leading to the formation of large multinuclear syncytia as a
result of the expression of HTLV-1 envelope antigens
(Delamarre et al., 1997). Only some non-lymphoid cell
types have been shown to be permissive for the replication
of the virus (Clapham et al., 1983; Hoxie et al., 1984). Cell
culture HOS was infected with HTLV-1 using co-cultiva-
tion with HTLV-1-producing rabbit lymphocytes. PCR
analysis for virus regulatory (tax, 5’ LTR) and structural
(gag, env) genes in dynamics showed integration of the vi-
ral DNA in RaHOS cells. The results of PCR have proved
that integration of the virus remained stable during the ob-
servation period, for more than 150 passages of cultivation.
Also, the detection of viral mRNA in the cells at different
passages using the RT-PCR method indicated continuous
replication of the virus in this cell culture. IFA and SA con-
firmed the expression of HTLV-1 antigens in the cell cyto-
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Fig. 1. Detection of human T-cell lymphotropic virus type 1 (HTLV-1) in
RaHOS cell culture.

RaHOS, HTLV-1 infected human osteosarcoma cell line; PCR, polymer-
ase chain reaction; RT-PCR, reverse transcriptase—polymerase chain reac-
tion; IFA, indirect immuno fluorescence assay; SA, syncytia assay, gag,
env, and tax, HTLV-1 genes; LTR, long terminal repeat.

plasm and on the cell surface. The presence of viral RNA in
cell free culture liquid gave evidence of viral particle pro-
duction by RaHOS cells. Thus, RT-PCR, IFA, and SA indi-
cate that HTLV-1 infection in RaHOS cells is productive,
stable, and long-term. The continuous HTLV-1 replication
in non-lymphoid cells can be explained by the presence in
these cells of unique or activated cellular transcription fac-
tors required for the transactivation of HTLV-1 transcrip-
tion from its long terminal repeat (Newbound et al., 1996).

It was also found that, after a long period of cultivation
(more than 60 passages), the morphology of the obtained
RaHOS cell culture had changed, comparing to the initial
cell culture HOS. RaHOS had a higher saturation density of
the monolayer, higher proliferative activity, enhanced for-
mation of multilayer growth focuses and the ability to form
colonies in soft agar. The cytogenetic analysis of RaHOS
cell culture confirmed that the karyotype was identical to
that of initial HOS cells. Therefore, the observed morpho-
logical changes apparently were the result of long-term
HTLV-1 replication in these cells. The acquired phenotypic
changes of the obtained cell culture indicate a change of the
phenotype towards malignant transformation of the cells,
previously not shown for HTLV-I infected non-lymphoid
cells. Thus, this cell culture can be a useful tool for investi-
gation of the changes in cell genetic regulation which occur
upon HTLV-1 infection. In the case of the existing HTLV-1
infected T-cell lines, the analogous non-infected clones are
absent, preventing the possibility of a comparative analysis.
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It is known that different lines of cultured cells vary by sev-
eral orders of magnitude in their ability to take up and ex-
press exogenously added DNA (Sambrook er al., 1989,
pp. 16.30-16.31). The efficiency of establishing stable
transfected cell lines is dependent on the efficiency of gene
transfer into a given cell line, as well as on the survival of
successfully transfected cells when a selective pressure is
applied. Lymphocyte cell cultures are mostly transfected by
using electroporation techniques. The disadvantage of this
method is the high incidence level of damage to cells, which
makes it difficult to obtain cell clones expressing the intro-
duced gene. Monolayer cell culture allows using more ef-
fective and convenient transfection techniques such as CaJ'_Jr
co-precipitation or liposome- or polycation-mediated gene
delivery.

A non-lymphoid monolayer cell line, which continuously
produces HTLV-1, was obtained. This cell line possesses
signs of transformation and can serve as a useful system for
further investigation of the HTLV-1 biology and malignant
potential, as well as for examination of new antiviral agents
such as antisense RNAs.
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SUNU KULTORA KA MODELIS HTLV-1 ANTIVIRUSALO ARSTNIECIBAS LIDZEKLU PETISANAI

Darba mérkis bija petit HTLV-1 spgju ilgstodi replicéties cilvéka izcelsmes nelimfoidas $@nas un jegiit &tu monoslapa 3inu kultdras
modeli, lai pétTtu antiinformacijas RNS inhib&joso ietekmi uz HTLV-I replikaciju un transformgjo3ajam ipasibam. Cilvéka osteosarkomas
(HOS) 3iinu Inija tika inficéta ar HTLV-1, kokultivgjot to ar trusa limfocitaro $iinu liniju Ra-1. Bija paradits, ka HTLV-1 HOS 3inas izsauc
stabilu un ilgstoSu produktivu infekciju. Salidzinot ar sakotngjo HOS %anu liniju, HTLV-1 inficétaja RaHOS §tnu linija paradijas
transformacijas pazimes. Aprakstito $inu kultiru k@ értu modeli var izmantot talakiem antivirusu savienojumu pétfjumiem, ieskaitot

antiinformacijas nukleinskabes.

Proc. Latvian Acad. Sci., Section B. Vol. 55 (2001), No. 1
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MALIGNANT TRANSFORMATION OF HUMAN NOIN-LYMPHOID CELL
LINE INFECTED BY HTLV-I

0. Bratslavska"*, K. Ivanova’, S. Kozireva', G. Kalnberza?, V, Tomsone', M. Murovska'
'Department of Oncovirology, August Kirchenstein Institute
of Microbiology and Vimlogy, LV-1067 Riga, L::tvia
"2 Latvian State Medical Genetic Centre, LV-1079 Riya, Latvia

3NIOKAYECTBEHHASI TPAHC®OPMALS HEJIMM®ONJHON
" INMHUN KNETOK YEJIOBEKA, MTHOULUMPOBAHHDBIX HTLV-|

e , ]
0. Bpaycnaecxan'*, K. Heanosa', C. Kosvipeea', I. Kannbepsa®, B. Tomcone’, M. Mypoascra
'Omaden onxoeupycorozuu Hucrmumyma MUKPOOUOROZUU U GUDYCOROZUL
um. Aszycma Kupxemwumeiina, Puza, Jlamaus:
? Jlameuiickuil zocydapc:naelatotii yenmp meduryuicoti zenem ru, Puza, Jlamoust

Human T-cell lymphotropic virus type I (HITLV-T) is an etiological agent of T-cell [:ukemia and- llTLy-l-associuLcd
myelopathy/tropical spastic paraparesis. The virus is known to target and transform pmfcrcnflally (,D./o"cclls. T!m
aim of this work was to investigate a tran-" -rming activity of HTLV-I in non-lymphoid cell line permissive for its

replication as well as to establish a conveni+ -t model for studying the antiretrovital substances. For this purpose
monolayer hnman osteosarcoma HOS cells : ~re infected with HTLV-I by co-cultivation with IITLV-I-producing
rabbit lym:" id Ra-1 cells. Cytogenetic analysis of HTLV-I-infected IOS cell culture (Ral10S) confirmed the
buman ka: iype identical to that the initial HOS cells. Integration of HTLV-I provirus was delected by
polymerasc chain reaction (PCR) for HHITLV-I gag, env, {ax and LTR scquences. Expression of viral antigens and
HTLV-I replication in RaHOS cells were confirmed by immunofluorescence assay, RT-PCR and syncytia inhibition
assay. The features characteristic of malignant transformation of RallOS cells developed in the following order:
.increasing proliferative activity (after 18 passages), colony-forming ability (after 30 passages), appearaucc of the
focuses of multilayer cell growth (after 60 passages). All these fcatures increased progressively throughout passage
bistory of the cells. At the same time the initial HOS cells did not form colouics in soft agar and focuses of
multilayer cell growth. Thus, RaHOS cells is the first characterized monolayer cell culture expressing IITLV-I in
which HTLV-I transforming activity is observed. This cell line could be a suitable model for studying the changes
in expression of different cell genes upoos HTLV-I infection as well as the effects of various anti-retroviral compounds.

Key Words: HTLV-1, trapsformation, IOS cells.

T-mmborpomisiii Bupyc I Tana (HTLV-1) — srnonormyecknii arent T-kreromnioro neil.:o3a — mudmunpyer 1 tpancdop-
mHpyert npenmyectsenno CD4*-anmdountsi. lleasio paGoTsl ADHIOCE HCCaEAOBANME BI3MOXKIIOTO TPANChOPMIPYIONLC-
ro peticrena HTLV-1 B neanmdonaioft kaerounoll kyastype, nepmuccnsiofi ans ero paivinkawn. Monocaoftnas kacron-
Hast AMHMA ocTeocapkomsl yenopeka (HOS) Gbuia nudrnupponana KoKy sTHDHPOBANHCM C HTLV-I-upoaympyrouum
KxpomibiMi anmponmImbiMI kKieTkamn aunkin Ra-1. [hrorenernyecinit ananus uudsstusiponamiois ITTLV-T kyasrypit
(RaHOS) nokasan, 4To oMa HMEET KapHOTHN Ye]OBeKa, HAaenTHunbil TakoboMy B HMcxoanolt xyavrype. Huterpannn
nposupyca HTLV-I » kyastype RaHOS 6bina ppianiena ¢ noMOMsio NoanMepasnoi Lenno peakium /s 1ocaenona-
TensHocteil gag, env, tax 1 LTR. 9xenpeccia BUPYCHBIX aNTHIEN0B i peiLTiKaltna GbUnit YCTANOBACHbE METOAGMH Jenpa-
Mol ummynodayopecuerium, HHIHGHUIH CHIMTHEOGPA30BAIMA H ¢ TOMOWBIO o0partwo-Tpanckpinmaanofi nommepas-
Ho#l uemoit peaxiym. Mocne amrensitoro naccuposanus kretin RallOS npnobpemn s:pisnakn tpancdopaponannvix,
KOTOpble NPOABSUMMCE B ciieayiolell nocienosarenbloct: nocie 18-ro naccaxa nusicinacs nx npompeparnmian
aKTHBHOCTB, nocne 30-ro naccaxa kaetkn RaHOS npnobpemt croco6nocts 06pa3oni:path KOAOINH B MArKOM arape,
nocae 60-ro — s xyastype RaHOS noamumics ovarn miorocaoiinoro pocra. Bee ot ceoGenocmn nporpeccnano napa-
CTRM B npouecce Aanblieirero Ky sTHeHponanna kaetok. [lonyvennan namn kyastyp: ticrok RallOS — ieppas oxa-
PaKTEPHI0BANHAA MONOCIORNAA KYABTYPa KAETOK, B KOTOPOil BolsiBrena ie Toabko skcitpecens ITTLV-L, no n ero Tparc-
¢opmupyloman axthenocts. Krerkn RallOS umeror nenndmunposaimsifl ananor n neatomy smoryt cayxrs yaoGnoii
MOJIENBI0 MPH HCCAEN0BAIHH HIMENEIHH B SKCIPECCHH KIETOWNIBIX renop, obycaoaren:ivix midiexupeit HTLV-I, n upn
nayyernn murHGHpyowmero a¢dexta coennnenndl, 061azal0NMX NPOTHBOPETPOBHPYCHGH AICTHBIOCTBIO.

Knoueswe cnoea: HILV-I, tpancopmauns, xaerxn HOS.

Received: May 25, 2000. macrophage colony-stimulating factor; HAM/TSP — HILV-I-
*Correspondence. Fax: (371 2) 428-036, associated myslopathy/tropical spastic paraparesis; HOS — human

E-mail: modra@iatnet.lv osteosarcoma cell line; HTLV-1 — human T-lymphotiopic virus
Abbreviations used: AMP — adenosine monophosphate; ATL —  type I; IFA — indirect immunofluorescence assay; PCR —

adult T-cell leukemla; BLV —bovine leukemia virus; Cdk — cyclin-  polymerase chain reaction; Ra-1 — HTLV-! infecled rabbit
depsndent kinase; CREB/ATF — cyclic AMP rasponse element  lymphocyle csll flins; RaHOS —- HOS call line infecied by HTLV-I;
binding protein/activating transcription factor, FCS — fetal calf ~ RT-PCR — reverse lranscriplie-polymerase chain reaclion; SIA —
serum; FITC — fluorescein isothiocyanate; GM-CSF — granulocyto-  syncytia Inhibition assay; SRF — serum response factor.
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Human T-cell lymphotropic virus type | (HTLV-I) is
the first characterized human exogenous retrovirus, a
member of the Oncovirinae subfamily. HTLV-I is an
etiologic agent of an aggressive and lethal disease —
adult T-cell leukemia (ATL) and the neurodegenerative
disease, HTLV-I-associated myelopathy/tropical
spastic paraparesis (HAM/TSP). HTLV-I is also
-associated with arthritis, uveitis, infeclive dermatitis,
polymyositis and mild immunosupression [48, 62].

In addition to the structural gag, pol and env genes
HTLV genome has the unique pX region between env
and the 3' LTR encoding Tax, Rex, p12', p13"and p30"
proteins [1]. Tax is a potent transcriptional activator of
the HTLV LTR [51, 52). While Tax activales the trans—
cription of HTLV-! itself, this protein is also known as
trans-aclivator of a number of cell genes such as c-
fos, c—jun, fra—1, c—myc proto-oncogenes [11, 37, 53],
immediate early serum responsive genes egr! and egr2
[12], genes encoding growth factors (IL-2, IL-6, TNFa,
TNFB, GM-CSF, TGF-B1) (2, 7. 16, 23, 57, 60] as well
as the gene of a—chain of IL-2 receptor [33]. Tax exerts
pleiotropic effects on virus—infected cells by interacting
directly with key transcription factors including the cyclic
AMP response element binding protein (CREB/ATF),
serum response factor (SRF), and the components of
the NF-xB/rel signalling pathway [27, 40, 46, 61].

Tax deregulates the normal cell cycle control through
protein—protein interaction, for example Tax binds
spedcifically with cyclin—-dependent kinase (cdk) inhibitor
p16™ “* and trans—activates the promoter of another cdk
inhibitor, p21™V*'  which is overexpressed in HTLV-|
infected T cells {3, 32]. Apoptosis is also known o be affected
by Tax [31, 36). This protein is thought to be responsible for
the transtorming features of HTLV-!. Tax has been shown
to immortalize T lymphocytes and to transform rodent
fibroblasts in vitro [13, 22, 59). Transgenic mice expressing
Tax develop leukemia and mesenchymal tumors [14, 38].

HTLV-I preferentially infects and transforms CD4*
cells [6, 8, 62]. However, expression of HTLV-I
receptors is not restricted to CD4* T cells. HTLV-I can
also infect other blood mononuclear cells including CD8*
cells, B cells and monocytes [10, 17, 25, 30]. Many
non-lymphoid cell types derived from human and
various animal species also turned out to be permissive
for HTLV-I adsorption and penelration in vitro [15, 26,
48]. However, HTLV-I was incapable o replicate
continuously in these cells. Only non-lymphoid human
osteosarcoma HOS cells and human endothelial cells
were permissive for HTLV—-I replication [5, 18].

Although HTLV-| Tax protein involvement in cell
transtormation is well known, precise mechanisms of
HTLV-Il-related leukemogenesis as well as the role
HTLV-lin the pathogenesis of HAM/TSP is far from being
elucidated. It is not yet known whether HTLV-| could readily
transform the cells of non-lymphoid origin. Therefore, the
analysis of HTLV-I transforming activity in the ditlerent
types of celis is important to fully understand the
mechanisms of the malignant transformation. With this
aim in view HTLV-I-producing non-lymphoid cell fine
RaHOS has been initiated by co-cultivation of HOS cells

with HTLV-I-producing culture of rabbit lymphocytes
{Ra-1 cells). Upon long-term passage history HTLV-I-
infected RaHOS cel's became transformed. The model
oblained seems to be useful for studying the mechanisms
of HTLV-I-related transiormation as well as for in vitro
screening of anli-HTLV-I substances, in particular,
complementary addressed polynucleolides. At the same
time as far as RaHOS has its non-infected counterpart —
HOS, it allows us to lollow up the changes in expression
of cell genes in the HTLV-I-infected culture.

MATERIALS AND METHODS

Cell cultures. The following cell lines were used in the
study: Ra—1 — HTLV-I Japanese strain producing lymphoid
rabbit celt line; HOS TE85 — human Caucasian osteogenic
sarcoma, monolayer epithelioid cell line; HeLa — human
cervical carcinoma monolayer epithelioid cell line.

Ra-1 cells were cultured in suspension in 36 mm
Petri dishes (3 ml per dish, 1 - 10° cells/ml) and reseeded
twice a week. Cells were grown in RPMI-1640 medium
{Gibco BRL, USA) supplemented with 15% heat inactiva-
led fetal calf serum (FCS), 300 pg/ml L-glutamine and
50 pg/mi gentamycin and incubated at 37°C in 5% CO,.
HOS and Hela celis were maintained in Dulbecco
modified Eagle’s medium (DMEM) supplemented with
10% heat inactivated FCS, 300 ug/mi L-glutamine and
50 ng/ml gentamycin. The cells were reseeded 2-3 times
a week at 2 - 105 cell/ml using trypsine~-EDTA mixture.

HTLV infection of HOS cells. HTLV-I-infected HOS
cell line was established by co—cultivating HOS cells with
HTLV-I-producing Ra-1 cells (1.5 - 10fcells/mi), which were
treated by mitornycin C (5 pg/mi) for 1 h at37°C. The virus—
infected HOS subline was designated as RaHOS.

Detectlon of HTLV-I provirus integration by PCR.
Total DNA was isolated from up to 3 - 10¢ cells by
proteinase K digestion followed by standard phenol/
chloroform extraction [47]. Quality of DNA was assessed
by PCR using primers for human p-globin gene [54] and
only samples positive in this assay were further processed.

1 ng of DNA was analyzed for the presence of HTLV-I
provirus by nested PCR using primers targeted to HTLV-I
gag, env, tax genes and 5' LTR region. The primer
sequences and PCR condilions were described previously
[28, 29, 35, 55] and are shown in Table. DNA from the
HTLV-I positive cell line Ra-1 was used as the posilive
control and DNA from the HTLV-I frée cell ine HOS as the
negative control. The products of DNA amplitication were
analyzed by electrophoresis on 1.9% agarose gel folowed
by ethidium bromide staining and visualization in UV light
for the presence of DNA bands of appropriate sizes.

Detection of HTLV-I expression by RT-PCR.
Total ANA was extracted using "RNeasy Total RNA Kit”
(Qiagen) from 3 - 10° celis and from virus conlaining
culture media of RaHOS cells 1,000 fold concentrated
by ultracentrifugation. The samples were then treated
with DNase | (Sigma, USA) and subjected to RT-PCR.
Reverse transcription was performed in 20 pl volume
according o the manufacturer protocol (MBI Fermentas,
Lithuania). Reaction mixlure contained RT buffer
(50 mM Tris~-HCI pH 8.3 at 25°C, 50 mM KCI, 4 mM
DTT), 200 ng of RNA, random hexamer primers (1 pM),
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ribonuclease inhibitor (1U/ul) and M—MulLV (Moloney
murine leukemia virus) reverse transcriptase (1U/l).
Alter reverse transcription at 37°C for 1 h followed by
5 min at 99°C and 5 min at 5°C the samples were
subjected to amplification with the primers for HTLV-}
gagand tax genes. All PCR and RT-PCR reagents were
from MBI Fermentas (Lithuania). The primer sequences
and PCR conditions used are shown in Table.

Indiract immunofluorescence assay (IFA). Cells
growing on glass coverslips were fixed with methanol at —
20°C for 20 min, air—dried and then incubated at 37°C for
40 min with the primary antibodies (two sera of Japanese
ATL patients) diluted in phosphate buffered saline (PBS).
Two HTLV-I negative sera from normal persons were used
as the negalive control. After incubation the cells were
washed with cold PBS four times for 15 min and incubated
with the secondary antibody (goat anti-human FITC labeled
IgG) diluted in PBS. The secondary antibody was then
removed by washing as described above.

Syncytia inhibition assay (SIA). The ability of the
RaHOS cells to mediate the formation of multinuclear
giant cells — syncytia, was assessed by co—cultivation
of RaHOS cells with Hela indicator cells. HelLa cells

- were seeded at a density 5 - 10* cell/ml into 35 mm Pelri
dish in DMEM with 5% FCS. After over—nightincubation
at 37°C in 5% CO, Hel a cells were co-cultivated with
5 - 10° RaHOS cells which were pretreated by mitomycin
C (5 ug/mi) in DMEM + 10% FCS for 2 days. Then the
cells were washed twice with PBS, fixed in methanol
for 15 min and stained by the Romanowsky — Giemsa
technique. Syncytia were counted per 5,000 cells under
the light microscope atx 20 magnification. Only
multinuciear cells containing more than 5 nuclei were '
scored. Inhibition of syncytia formation by anti-HTLV-I
serum was done using sera from two Japanese patients

Table. Primer sequences and PCR conditions used for HTLV-! detection

with ATL. Two sera from healthy blood donors were
used as a negative control.

Proliferative activity assay. Prolilerative activily of
HOS and RaHQS cells was estimated by incorporation
of 3H-thymidine in DNA. Cells were seeded in 24-well
plates at a concentration 1 - 105 cells per well. Alter 24,
48, 72 and 96 h of cultivation *H-thymidine (25 Ci/mmol,
Amersham, England) was added (2 pCi/well) and cells
were incubated for 1 h at 37°C, 5% CO,. Then cells
were collected using trypsine—EDTA and transferred to
the Millipore filters (diameter of pores — 1.5 um). The
filters were washed twice with PBS and 3 limes with
5 ml of 5% trichloroacelic acid to precipitate DNA. The
DNA was fixed by 1 mi of 96% ethanol and air dried at
37°C. The incorporation ot *H-thymidine was measured
in Packard liquid scintillation counter.

Soft agar assay. 1,000 viable single cells were
suspended in 1 ml DMEM medium containing 0.3%
Noble agar (Difco, USA) and 15% FCS and were placed
in 6—well plates over a base layer of DMEM medium,
containing 0.6% Noble agar and 15% FCS. Celis were
incubated at 37°C in the humid box with 5% CO, for
two weeks. Cultures were fed every 3 days, and
colonies larger than 0.1 mm were counted.

Cytogenetic analysis. After 48h of cultivation
1 ug/mi of colchicine (Sigma, USA) was added to culture
liquid of RaHOS and HOS cells. The cells were
incubated with colchicine at 37°C in 5% CO, incubator
for 30 min. Then the cells were treated with trypsin—
EDTA, suspended in DMEM with 5% FCS, sedimented
by centrifugation and hypotonized with 1% sodium
citrate for 30 min at 37°C. The cells were lixed with a
mixture of methano! and glacial acetic acid (3 : 1),
dripped onto slides and stained with Giemsa (azure-
eosin—methylene blue in PBS).

Target Cods Position Saquence (5'-3) Conditions Product Relerence
region length (bp)
tax AV45 7501-7517 GGACGCGTT(A/G)TC(A/G)GCTC 94°C- 30s '
AV46 7803-7783 (G/T)GG{A/G)GAIAG(C/T) TGGTA(G/T)AGGTA 50°C- 15s } x45 [55]
72°C- 45s
100
AV49 7626-7647 CGCTCCTTCCTCCAGGCCAT 95°C- 30s
AV80 7725-7702 GGTCTGGAAAAGACAGGGTTG §5°C-~ 30s } x40
72°C- 45s
gag gagM2 1313-1337 TCCGGCTTGCGGTGCAGCAGTTTGA 94°C- 1min
gagM3 1543-1518 GCCAGAGTTGCTGGTATTCTCGCCT 60°C- 1min } x30 (35]
. 72°C- 2min
150
gagM4 1351-1375 GACCTCCAAGACCTCCTGCAGTACG 94°C- 1min
gagM$5 1500-1476 ATTGTTGGCTTGGACACGGAGGGGA 60°C- Tmin } x35
72°C- 1min
5 LTR HFLS 124-144 AAGGCTCTGACGTCTCCCCCC 95°C- 30s
HFLE 901-881 GTTAAGCCAGTGATGAGCGGC 55°C- 30s } x 30
72°C- 455 [29]
. 595
HFLS 202-220 TCATAAGCTCAGACCTCCG 95°C- 30s
HFL10 796-779 TCCCGGACGAGCCCCCAA 55°C- 30s } x 30
72°C- 455
env env3 §142-5160 CTGCATGCCCAAGACCCGT 95°C- 30s
anvé 6707-6689 GGCTGGAGGCGATGTGGTT §5°C- 30s } x30
72°C- 455 [28)
562
env7 6048-6067 GCTCCGTCAGCTACGACACC 95°C- 30s
env8 6609-6530 CCTCCGTCAGCTACGACACC 55°C- 30s } x 30
72°C- 45s
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Experimental animals. 5 to 6 weeks—old female
nude mice of BALB/c background were obttained from
animal facility of August Kirchenstein Institute of
Microbiology and Virology. The mice were kept at
24 = 2°C in filtered laminar air, and supplied with sterile
food, water and bedding.

Tumorigenicity of RaHOS cells in nude mice.
Tumorigenicity of HOS and RaHOS cells was tested by
inoculating 1 - 10°~107 viable cells in 0.2 ml PBS to each
mouse subcutaneously into a subscapular area. Cell
viability was determined by trypan blue exclusion and
phase—contrast microscopy. The animals were observed
for 2 months. Each group included 3 mice. All experi-
ments were performed according to the approval of the
Ethics Committee of the Latvian Council of Science on
investigations using laboratory animals [24].

RESULTS )

The presence of HTLV-I proviral DNA in RaHOS
cells. The presence of HTLV-I proviral DNA sequence
in the RaHOS cell line was analyzed by PCR. Using a
set of HTLV/STLV generic outer and HTLV-I specific
inner primers for tax gene, DNA samples extracted from
RaHOS cells were clearly positive for HTLV-I sequence
(Fig. 1, b). The HTLV-l infection was further confirmed
by the presence of gag, env genes and 5' LTR region of
the viral genome (Fig. 1, a, ¢, d). The results were
reproducible in atleast three independent experiments.

Productive infection of HTLV-I in RaHOS cells.
We employed RT-PCR analysis with HTLV-I specific
primers complementary to the gag and fax genes to
determine whether the cell line is persistently producing
the virus or is latently infected. To confirm the specificity
of the amplification product and to exclude conta—
mination with genomic DNA, simultaneous reactions
were performed in the absence of RT (Fig. 2). The
expression of gag and fax genes in RaHOS cells was
detected throughout all the observation period (20—
110 passages) (Fig. 2). The results were reproducible
in RT-PCR analysis using another primer set derived
from pX region (data not shown).

The replication of HTLV-] in RaHOS cells was
monitored by the presence of the HTLV-Ivirions in RaHOS
culture medium. HTLV-I gag and tax specific amplification
products in RT-PCR were detected using RNA from the
cell-free RaHOS supematant (Fig. 2). These results were
reproducible 20 through 110 passages.

Presence of HTLV-I antigens. HTLV-I antigens
were estimated by IFA. Bright fluorescent regions
in cytoplasm and diffuse fluorescence around the nucle—
us were detected in 75-80% of RaHOS cells at pas-
sage 65, with HTLV-I positive sera (Fig. 3, a). At the
same time fluorescence was observed neither in HOS
cells incubated with HTLV-I positive sera nor in RaHOS
cells incubated with HTLV-I negative sera (Fig. 3, b).
The specific fluorescence in the cytoplasm of RaHOS
cells was observed throughout all the period of
observation (150 passages). However, the number of
fluorescence positive RaHOS cells decreased with
increasing number of passages, and at passage 150
the fluorescence was observed only in 5% of cells.

Fig. 1. Detection of HTLV-I proviral sequences in DNA of RaHOS
cells. DNA was amplified with primers complementary to the
regions of tax gene (a): gag gene (b); env gene (c); 5LTR (d).
M — markers: pUC13 DNA/Mspl (a, b), MassRuler DNA Ladder,
Low range (c, d); 1 — DNA extracted from HTLV-| producing
Ra-1 cells line (positive conlrol); 2-5 — DNA exltracted from
RaHOS cells after 45, 57, 77, 130 passages, respectively; 6 —
DNA extracted from HOS cells (negative control); 7 — control
without DNA. The size of the amplification product (bp) is indicated
on the right side

150 bp

Flg. 2. Expression of HTLV-I gag (a) and fax (b) sequences in
RaHOS cells (passage 110) and RaHOS cell culture supernatant
(passages 106-110). M — markers: pUC 19 DNAMspl; 1 — DNA
extracted from HTLV-I-producing Ra-1 cells (posilive control); 2 —
RT-PCR: RNA from HTLV-I-producing Ra-1 cells; 3— RT-PCR:
RNA isolated from RaHOS cells aiter 110 passages; 4 — RNA
from RaHOS cells, PCR without RT; 5 — RT-PCR: RNA extracted
from RaHOS cell culture supernatant; 6 — RT-PCR: RNA extracted
from HOS cells (negative control); 7 — RNA extracted from HOS
cells, PCR without RT; 8 — control without RNA. The size of the
amplified product (bp) is indicated on the right side

Syncytia inhibition assay (SIA). The replication of
HTLV-lin RaHOS cells was confirmed also by SIA. While
the amount of multinuclear cells in control Hela cells did
not exceed 0.6% with no more than 5 nuclei, upon co-
cultivation of RaHOS cells with HelLa cells syncytia
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Fig. 3. Detection of HTLV-I antigens in RaHOS celis by IFA.
RaHOS cells at passage 65 were Incubated with serum of ATL
patient (a) or with HTLV-I negative serum (b). Fixation and
staining were performed as described in Materlals and Methods,
magnification x 600

containing 5-15 nuclei appeared (Fig. 4, a) and the total
amount of syncytia increased up to 1.5-4%. The formation
of'syncytia was inhibited in the presence of anti-HTLV-I|
antibodies (Fig. 4, b) while in the presence of HTLV-I
negative sera the syncytia inhibition was not observed.

Morphology, cytogenetic and transforming
features of RaHOS cell line. After co—cultivation of initial
HOS cell culture with Ra-1 cells the syncytia containing
5-12 nuclei have been registered. Their amount
increased for the next 6 passages of RaHOS cells with
following decrease. By passage 14 only single syncytia
remained. Sometimes the single multinuclear cells were
observed during the rest of cultivation of RaHOS cells.
After 60 passages the focuses of multilayer growth had
appeared in RaHOS cells (Fig. 5).

Cytogenetic analysis of RaHOS cells showed human
karyotype with the modal number of chromosomes identical
to those in HOS cells — 48. However, at passage 125 the
polyploidy percentage in RaHOS cells was slightly elevated
in comparison with HOS cells (5.4 and 4.6% respectively).

The proliferative activity of RaHOS cells differed from
that in the initial HOS cells. After 18 passages the
incorporation of *H-thymidine in RaHOS cells was 1.4
times higher and after 135 passages — twice higher

s Flg 4. Syncytia lormallon ln HeLa cells co-cullivated with RaHOS

cells (a) and Inhibition of syncytia formation in the presence of
serum of ATL patient (b). The mullinuclear cells are marked by
arrows. SIA was performed as indicated in Materials and Methods

Flg 5 Formation of foci of muhalayer growlh in HaHOS cells
(passage 105) upon 72 h of culture. The foci of multilayer growth
are marked by arrows
than in HOS cells (Fig. 6). Moreover, itis interesling to
note that the maximal *H-thymidine incorporation into
the HOS cells was observed at 48-72 h decreasing by
96 h. The incorporation of °H-thymidine in RaHOS cells
at 96 h remained high.

Alter 30 passages RaHOS cells had got the ability
to form colonies in soft agar. 0.1% of the cells gave



Experimental Oncology 22, 110-117, 2000 (September)

115

6000

:

&
8
i

g

—=— HOS
—&— RaHOS, passage 100
—>— RaH0S, passage 135

H-thymiding. incorporation, cmp
W

..

8

S
L

)

48 72 96
Time of cultivation, h
Fig. 6. Proliferative activity of RaHOS and HOS cells. Proliferative
activity assay was perfomed as described in Materials and Methods

Q
N
&

growth in colonies of about 0.1 mm in diameter. The
colony-forming capacity increased during further
passages (0.4 and 1.3% of the cells respectively, after
60 and 150 passages, with 0.15-0.20 mm colony size
in diameter). The initial cell culture HOS TE85 used in
the study as the control neither formed the colonies in
soft agar nor developed tumors in nude mice.
Meanwhile, RaHOS cells also were not tumorigenic in
nude mice.

DISCUSSION

It is clearly demonstrated that HTLV-I Tax protein
could transform both lymphoid cells and the celis of non—
lymphoid origin [34]. Atthe same time in transgenic mice
expressing the tax gene mesenchymal tumors and
leukemia devslop [14, 38]. In patients with HTLV-I|
associated diseases virus replicates preferentially in CD4*
T cells; HTLV-I could also infect and transform CD4*
cells in vitro [6, 8, 62]. Up to the present non-lymphoid
cells were not known as the possible targets for HTLV-|
transformation. It could be explained by an inability of
HTLV-I to replicate continuously in such cell cultures.

HOS cells are known to be permissive for HTLV-I
replication [5] . On the other hand, HOS cells could be
transformed by nitrosoguanidine or Kirsten virus [42,
43). Theretore, we could expect that HTLV-| would be
capable to transform them.

It is known that the free viral particles of HTLV-BLV
viruses are poorly infectious and viral transmission occurs
almost exclusively via cell-to—cell contacts. The capacity
of the virus to mediate such a cell-to-cell transmission is
known to correlate with the syncytia—forming ability of the
virus [9, 45]. So we infected HOS TE8S cells co—cultivating
them with HTLV-I producing rabbit Ra—1 lymphoid cells.
HTLV-kinfected HOS cell culture designated as RaHOS
maintained human karyotype. The numerous syncytia in
RaHOS cells were observed through the first six passages
after co—cultivation. As the cell fusion is mediated by HTLV-1
envelope glycoproteins [9, 45] this could be indicative of
HTLV-I expression in RaHOS cells. The integration of
HTLV-I provirus and expression of viral antigens as well as
HTLV-I replication were confirmed by PCR, IFA, RT-PCR
and SIA. In contrast to HOS TEB85 cells RaHOS cells were

changing their morphology throughout their passage history.

The features characleristic of malignant transforma-
tion of RaHOS cells developed in the following order:
increasing proliferative activity (after 18 passages),
colony-forming ability (after 30 passages), appearance
of the focuses of multilayer cell growth (after 60 passa—
ges). Meanwhile, RaHOS cells were incapable lo form
tumors in nude mice. We do not know whether this could
be attributable to insufficient tumorigenic potential of
RaHOS cells or whether the transplanted cells were
rejected by NK cells of the host. Such a rejection holds
true in case of HTLV-I-transformed human T-cell line
MT-2 [21, 41]. Imada et al. have shown thal only
leukemic non—producing HTLV-I-infected cell clones
and fresh cells from ATL patients were capable to pro-
liferate in SCID mice (CB17 scid/scid), while
HTLV-I-infected lymphoid cell lines of non-leukemic ori-
gin could not be engrafted in SCID mice [19, 20]. How-
ever, HTLV-I-transformed human T-cell line (MT-2)
was successfully grafted in SCID mice treated with anti-
asialo GM-1 antibody [21], while according to the data
of Inodi et al. [19] MT-2 cells without such a preliminary
treatment could not ba engrafted. Thus, it is possible
that the ability of HTLV—I-transformed cells to produce
virus switches on the defense mechanisms remaining in
immunodeficient mice sufficient to reject the foreign cells.

In 1983 Chen et al. and Sodroski et al. [4, 50] had
made the construct of HTLV-1 and HTLV-II LTR with
reporter gene and found that reporter gene expression
was restricted to lymphoid cells. They suggested that
frans—acting regulatory protein expressed only in lymphoid
cells may act directly on LTR to enhance the expression.
Authors also suggested that a product of the HTLV X gene
itself acts as the frans—regulatory protein on LTR funclion
[50, 58]. Later it had been shown that activation of HTLV-|
gene expression involves direct interaction of Tax with
the CREB/ATF family of cellular transcription factors
leading to the enhanced dimerization and subsequent
binding of these factors to 21-bp repeats in the HTLV-I
LTR [56, 63]. Newbound et al. [39] demonstrated that cell
tropism of HTLV-lis determined by the expression levels
or aclivation states of Tax—responsive cellular transcription
factors binding with HTLV-I LTR, the rate of viral
transcription and protein production in HTLV-Il-infected
primary CD4* cells being higher than in primary CD8" cells.
This increase was most notably observed in the presence
of the viral trans-activating Tax protein. These data
suggested that unique or aclivaled transcription factors,
particularly Tax-responsive factors in CD4' T cells,
recognised regulatory sequences within HTLV-] LTR
mediating the enhanced viral transcription in these cells
[39]. It could be supposed that the differences in levels or
activation states of transcription factors between various
cell lines and various types of cells could determine the
permissiveness to HTLV-linfection. Long—term replication
of HTLV-1in RaHOS cells suggest that initial HOS cells
possessed transcriptional factors required for HTLV-I LTR
aclivation. At the same time long-term Tax action could
result in the shortaga of cell transcriptional factors
interacting with Tax or even to the negalive selection of
Tax—expressing cells [31, 44] which seemed to be a
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probable explanation of the decreass in the number of
cells expressing HTLV-I antigens upon long-term
passage history of RaHOS cells.
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