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In contrast to other retroviruses of the oncovirinae subgroup, the primate and bovine leukemia viruses (HTLV, STLV, and
BLV) encode genes in the X-region of the genome, between the env gene and the 3’ long terminal repeat. In HTLV-I, two
overlapping open reading frames (ORFs) in the distal half of the X-region encode tax and rex genes, while two ORFs (X-I
and X-11) in the proximal half of this region potentially encode proteins designated p12*' (or rof) and p30™" (or tof). The
biological functions and mechanisms of tax and rex have been studied extensively whereas the roles of the other ORFs
have not yet been established. To identify possible functions for ORFs X-I and X-II, an infectious molecular clone of HTLV-
| and a mutant provirus lacking these ORFs were compared with respect to virus replication, gene expression, and ability
to immortalize primary T-cells. When transiently transfected into 293 cells, both intact and deleted proviruses directed
the synthesis of virus mRNAs and proteins that were quantitatively and qualitatively identical. These viruses were also
indistinguishable in their abilities to infect and replicate in DBS-FRhL cells, which are permissive for HTLV-I propagation.
Immortalized T-cell lines were established after cell-free or coculture methods for infection of activated, human peripheral
blood or cord blood lymphocytes with each of the cloned viruses. The growth kinetics, cytokine dependence, and cell
surface markers of the infected T-cell cultures were similar for each provirus clone. Thus, ORFs X-I and X-II are not essential
for virus infectivity, replication, gene expression, or T-cell immortalization in vitro.

INTRODUCTION

Human T-cell leukemia virus type | (HTLV-I) is the etio-
logic agent of adult T-cell leukemia and progressive neu-
rological disorders collectively referred to as HTLV-I-as-
sociated myelopathy/tropical spastic paraparesis (HAM/
TSP) (Gessain et al., 1985; Poiesz et al., 1980; Osame et
al., 1986; Yoshida et al., 1982; Franchini, 1995). HTLV-I
transforms predominantly CD4" T-cells in vivo although
other cell types are infected both in vivo and in vitro
(Poiesz et al., 1980; Hattori et al., 1981; De Rossi et al.,
1985; Richardson et al., 1990; Clapham et al., 1983; Ho
et al., 1984; Hoxie et al.,, 1984; Longo et al., 1984; Mann
et al., 1984; Hoffman et al., 1992). HTLV-I, with HTLV-II,
simian T-cell leukemia viruses, and bovine leukemia vi-
rus form a unique subgroup of oncoretroviruses charac-
terized by a unique genome organization and coding
potential. Unlike the less complex oncoretroviruses, the
HTLV group of retroviruses contains several open read-
ing frames in a region located between the envelope
gene and the 3’ long terminal repeat (Fig. 1). The overlap-
ping tax and rex genes, located in the distal half of this
region, have been extensively characterized and shown
to regulate transcription of cellular and virus promoters
and to mediate nuclear export of viral mRNAs, respec-

tively (Felber et al., 1985; Inoue et al., 1987; Fujisawa et
al., 1985; Sodroski et al., 1984; McGuire et al., 1993).
HTLV-l contains two additional open reading frames
(ORFs) in the proximal half of the X-region that have
been referred to as ORFs X-I and X-1I (Seiki et al., 1983).
Alternative splicing produces unique mRNAs containing
ORFs X-1 and X-1l whose predicted translation products
have been designated p12*"' (rof), p30*" (tof), and p13*"
(Ciminale et al., 1992; Koralnik et al., 1992; Berneman et
al., 1992). The mRNAs capable of encoding ORFs X-I
and X-Il have been detected in infected cell lines, in
lymphocytes from infected individuals, and in cells trans-
fected with HTLV-I provirus clones. Relative to other viral
MRNAs, the levels of these alternatively spliced mRNAs
are extremely low and their putative proteins have not
been detected in infected cells (Caputo and Haseltine,
1992). The p12 and p30 proteins of HTLV-l have been
ectopically expressed from plasmids in transfected cells
in order to study their subcellular localization and interac-
tions with cellular proteins (Koralnik et al., 1993, 1995).
The conservation of predicted amino acid sequences of
ORFs X-I and X-lIl among HTLV-I isolates as well as the
presence of distantly related ORFs in HTLV-Il and BLV
suggest that they are important for virus propagation in
nature (Ciminale et al., 1992, 1995, 1997; Alexandersen
etal., 1993; Willems et al., 1994). However, their functions
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have yet to be established.
The development of an infectious molecular clone of
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HTLV-I, combined with improved infection and transient
transfection methods, provides new opportunities to ex-
amine HTLV-I gene function (Derse et al., 1996). In an
attempt to define biologic functions for the X-region
ORFs, we constructed HTLV-I proviruses in which ORFs
X-l and X-II have been mutated or deleted. These viruses
were compared with respect to their gene expression,
infectivity, and replication in vitro. We have established
immortalized T-cell lines after infections of primary hu-
man lymphocytes by both cell-free and coculture infec-
tion methods with cloned HTLV-I proviruses and have
tested the ability of the mutated proviruses to immortalize
primary T-cells in vitro.

MATERIALS AND METHODS

Plasmids. The cloning and construction of the plasmid
pCS-HTLV has been described previously, and it was
demonstrated to encode an infectious HTLV-l provirus
(Derse et al., 1995, 1996). The Pstl to Sstll fragment,
spanning nucleotides 6750 to 7136 of pCS-HTLV and
containing the ORFs X-I and X-II, was replaced with a
synthetic Xbal linker to produce pHTLV-APSX. ORF X-I
of the provirus clone pCS-HTLV was found to contain a
premature stop codon. Therefore, the Pstl to Sstll frag-
ment containing ORFs X-I and X-Il of pCS-HTLV was re-
placed with the homologous fragment generated by RT-
PCR of mRNA derived from MT2 cells. MT2 cell mRNA
was converted to cDNA with random hexamer primers
and then amplified with primers flanking the Pstl and
Sstll sites at positions 6750 and 7136, respectively. The
PCR product was digested with Pstl and Sstll and ligated
into pCS-HTLV. Sequence analysis confirmed that ORFs
X-I and X-Il of pCS-X1IMT matched published sequences
and are thus theoretically capable of translation.

Cell lines and transfections. Human 293 cells and DBS-
FRhL cells (clone B5) were maintained in Dulbecco’s
modified medium supplemented with 10% fetal calf se-
rum. HTLV-I-transformed T-cells were maintained in
RPMI 1640 supplemented with 10% fetal calf serum and
10% partially purified human IL-2 (Cellular Products, Buf-
falo, NY). For transfections, 293 cells were plated at 2 X
10° cells in a 10-cm dish the day prior to transfection.
Plasmid DNA (10 ng) was applied to the cells for 6 hr
as calcium phosphate coprecipitates. Two days after
transfection cells and supernatants were collected for
analysis of viral mRNAs and proteins.

Infections. DBS-FRhL (clone B5) cells were infected
with filtered supernatants from transiently transfected
293 cells. Supernatants were collected from 293 cells 2
days after transfection, cleared of cell debris by low-
speed centrifugation, filtered through a 0.45-um filter, and
applied to 3.5-cm dishes containing DBS-FRhL cells.
DBS-FRhL cells were plated the previous day at 3 x 10°
cells per dish. Five days after infection, cells from each
3.5-cm dish were trypsinized and transferred to 10-cm

dishes and then passaged every 5 days at a 1:5 dilution.
Aliquots were examined by p19 antigen capture ELISA
(Cellular Products) at each passage.

Normal human peripheral blood and cord blood mono-
nuclear cells were obtained by centrifugation of hepera-
nized blood on a Ficoll density gradient (Organon Tech-
nika, Durham, NC). Cells were activated in RPMI 1640
medium supplemented with 10% fetal bovine serum, 100
g each of penicillin and streptomycin, 1 ug per ml phyto-
hemagglutinin (Burroughs Welcome, Research Triangle
Park, NC), and 10% delectinated, partially purified human
IL-2 (Cellular Products, Buffalo, NY) for 72 hr at 37°in a 5%
CO, incubator. Cell-free infections of lymphocytes were
performed by two different methods, both resulting in
establishment of immortalized T-cell lines. Supernatants
from transiently transfected 293 cells were filtered
through 0.45-um filters (Millipore). Lymphocytes (5 X 10°)
were suspended in 1 ml of filtered supernatant and incu-
bated for 4 hr at 37°. Cells were collected by centrifuga-
tion, suspended in 10 ml of complete medium, and trans-
ferred to T25 culture flasks. Cells were maintained at a
density of 5 x 10° cells per milliliter and medium was
replenished weekly. The second approach for cell-free
infections utilized transwell plates (Costar). DBS-FRhL
cells persistently infected with HTLV-I were plated at
approximately 30% confluence in the bottom chamber of
a 6-well plate. Transwells (0.45 um) containing activated
lymphocytes (2 x 10° per milliliter) were placed in contact
with the fluid in the lower chambers and cells were al-
lowed to proliferate in the presence of continuously pro-
duced virus for 3 days. Lymphocytes were then trans-
ferred to T25 flasks and cultured as above.

Northern blotting. Transfected or infected cells were
collected and suspended in lysis buffer containing: 10
mM Tris—HCI, pH 7.5; 150 mM NaCl; 0.5% Nonidet P40;
and 1.5 mM MgCl,. The cytoplasmic supernatant was
extracted with RNA STAT 50LS (Tel-Test Inc.) and RNA
was precipitated with ethanol. Poly(A)* mRNA was pre-
pared and run on 1% agarose/0.67 M formaldehyde gels
and blotted with labeled tax probe as previously de-
scribed (Martarano et al., 1994).

Western immunoblotting. Culture media from HTLV-I-
infected cells were collected and cleared of cell debris
by low-speed centrifugation and filtration through a 0.45-
pm filter. Supernatant was then underlaid with 2.5 ml
of 20% glycerol in phosphate-buffered saline in 10 ml
Oakridge tubes and centrifuged for 90 min at 30,000 RPM
in a Ti70.1 rotor. Virus pellets were dissolved in 100
ul of SDS sample buffer; 50 ul was loaded onto 12.5%
acrylamide—SDS gels and then electrophoretically trans-
ferred to Immobilon (Millipore) filters as previously de-
scribed (Martarano et al., 1994). Filters were incubated
with rabbit antipeptide antisera to HTLV-I gag proteins
p24 (CA), p19 (MA), and p15 (NC) followed by goat anti-
rabbit antibody conjugated to horseradish peroxidase
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FIG. 1. Genomic organization and location of ORFs X-I and X-Il in the molecular clones of HTLV-I. ORFs X-I and X-II are located in the proximal
X-region of the virus, between the env gene and the 3’ LTR. Construction of pCS-HTLV was described previously. In the course of this work it was
discovered that a premature stop codon is present in ORF X-I of this clone (marked by an asterisk). The persistently infected T-cell line, MT2, was
used as the source of mMRNA to prepare cDNA for amplification with primers flanking ORFs X-I and X-II. The PCR product was digested with Pstl
and Sstll and replaced the analogous region in pCS-HTLV to yield pCS-X1MT. The deletion mutant, pHTLV-APSX, was made by deleting the Pstl

to Sstll fragment and replacing it with a synthetic Xbal linker.

and visualized by enhanced chemiluminescence (ECL,
Amersham).

RESULTS

The cloning and construction of pCS-HTLV, which con-
tains an infectious, full-length HTLV-I provirus, has been
described (Derse et al., 1995, 1996). Sequence analysis
of the X region of pCS-HTLYV revealed several differences
compared with published sequences, including a prema-
ture stop codon in ORF X-l. ORFs X-I and X-II in pCS-
HTLV were therefore replaced with HTLV-I sequences
expressed in MT2 cells. Cytoplasmic mRNA from MT2
cells was converted to cDNA, and the proximal X region
was amplified by PCR and ligated into the corresponding
region of pCS-HTLV to generate pCS-X1IMT (Fig. 1). Se-
qguence analysis of pCS-X1IMT confirmed that ORFs X-I
and X-II were potentially viable. Another provirus clone,
pHTLV-APSX, was constructed by deleting the region
containing ORF X-I and most of ORF X-II from pCS-HTLV
(Fig. 1). These three proviruses were then compared with
respect to gene expression, infectivity, and T-cell immor-
talization.

In order to determine whether deletion of the region
containing ORFs X-I and X-1I affected synthesis or pro-
cessing of viral mRNA, human 293 cells were transfected

with each of the three provirus clones. Two days after
transfection cellular RNA was extracted and examined
by Northern blotting with an HTLV-I tax/rex probe (Fig. 2).
Nearly identical levels of virus mMRNAs were expressed in
transfected cells and typical patterns of the three major
viral mRNAs were observed. The unspliced and singly
spliced mRNAs produced in cells transfected with
pHTLV-APSX are predicted to be 386 nucleotides
smaller than the mMRNAs expressed from the other provi-
ruses. At the same time, cells were collected for RNA
preparation and supernatants from transfected cells
were analyzed by HTLV-l pl9 antigen capture ELISA
assays, which revealed that virion protein synthesis was
similar for the three proviruses (data not shown). Thus,
the three proviruses were indistinguishable with respect
to RNA and protein synthesis in transiently transfected
cells, indicating that ORFs X-I and X-II did not affect viral
gene expression.

A subclone of fetal rhesus lung cells (DBS-FRhL) des-
ignated B5 was previously demonstrated to be permis-
sive for HTLV-I infection and replication (Derse et al.,
1996). B5 cells can be infected with cell-free virus or
directly transfected with provirus DNA. Approximately 2
weeks after infection or transfection, HTLV-I gag antigens
can be detected in culture supernatants; virus production
plateaus after 4 weeks and remains at high levels there-
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FIG. 2. Expression of proviral RNAs in transfected 293 cells. Human
293 cells were transfected with the indicated plasmid DNAs by calcium
phosphate coprecipitation. Two days later cells were collected and
poly(A)" mRNA was prepared and run on 1% agarose/0.67 M formalde-
hyde gels, transfered to nylon membrane, and hybridized to a tax frag-
ment probe. The unspliced (gag/pol), singly spliced (env), and doubly
spliced (tax/rex) mRNAs are indicated.

after. The B5 cell culture system thus provides a means
to examine HTLV-I infectivity and replication since multi-
ple rounds of infection are required for virus spread
through the culture. B5 cells were infected with filtered
supernatants from transiently transfected 293 cells, and
HTLV-I p19 gag antigen in the culture supernatants was
monitored at weekly intervals. Both the kinetics of ap-
pearance and levels of p19 were similar for the three
viruses (data not shown). Virion proteins released from
the persistently infected cell cultures were compared by
immunoblotting with anti-gag antisera. Virion core pro-
teins were qualitatively and quantitatively similar among
the three virus-infected cultures (Fig. 3A). Virions re-
leased from B5 cells that are persistently infected with
the three cloned viruses were shown to infect both naive
B5 cells and primary human lymphocytes (see below).
Thus, ORFs X-1 and X-1I did not influence virus infectivity
or replication in DBS-FRhL cells.

Activated human PBMCs and cord blood lymphocytes
were infected with HTLV-I produced from both B5 cells
persistently infected with pCS-HTLV, pHTLV-APSX, or
pCS-X1MT and transiently transfected 293 cells. Either
coculture of activated lymphocytes with HTLV-infected
B5 cells or cell-free infection with transfected cell super-
natants resulted in the continuous proliferation and out-
growth of IL-2-dependent T-cells; in contrast, uninfected
lymphocytes ceased to proliferate after approximately 6
weeks. T-cells were considered immortalized after at
least 12 weeks of continuous growth and in all cases,
the HTLV-l immortalized lines have been in culture for at
least 1 year. All HTLV-I-infected T-cell lines that were
established remained IL2-dependent.

Virus expression in the immortalized T-cells was exam-
ined by immunoblotting supernatants with anti-gag anti-
bodies (Fig. 3B). Again, expression and release of virus
particles into the supernatants were similar for each pro-
virus. Cell surface markers were examined by FACS anal-
ysis and revealed no differences among cultures infected
with pCS-HTLV, pHTLV-APSX, or pCS-X1MT (Table 1).
The T-cell cultures were all CD4*, CD8™, and CD34",
and CD3 was either absent or very low. All cultures
showed similar growth kinetics and gave identical re-
sponses to cytokines. Thus, ORFs X-1 and X-Il did not
appear to be involved in HTLV-I-mediated T-cell immor-
talization or proliferation in vitro.

DISCUSSION

HTLV-l ORFs X-I and X-ll were dispensable for virus
replication in cell culture and had no discernable effect
on virus gene expression. Primary human lymphocytes
were successfully infected and immortalized with cell-
free virus produced from transiently transfected 293 cells
or stably infected DBS-FRhL cells expressing the paren-
tal or mutant virus clones. The viruses produced from
DBS-FRhL cells chronically infected with cloned provi-
ruses were capable of infecting naive DBS-FRhL cells
and primary T-cells by either cell-free or coculture routes.
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FIG. 3. Expression and processing of virion structural proteins re-
leased from HTLV-I-infected cell lines. (A) Immunoblot of virions from
chronically infected DBS-FRhL (clone B5) cells. Uninfected cells (lane
1); cells persistently infected with pCS-HTLV (lane 2); pCS-X1MT (lane
3); or pHTLV-APSX (lane 4) were grown to confluence in 10-cm dishes.
The culture medium was replaced 24 hr before collection. Virus parti-
cles in culture supernatants were concentrated by ultracentrifugation
through a 20% glycerol cushion and fractionated on 12.5% acrylamide—
SDS gels. Membrane-bound proteins were probed with anti-HTLV-|
gag antisera. The gag precursor polyprotein, pr53, and mature proteins,
p24, p19, and p15, are indicated. (B) Immunoblot of virions from immor-
talized T-cell lines infected with: pCS-HTLV (lane 1); pCS-X1MT (lane
2); and pHTLV-APSX (lane 3). Virus particles in cell culture superna-
tants were prepared and immunoblotted as in A.
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TABLE 1
FACS Analysis of HTLV-I Immortalized T-Cells
Cell surface expression®
Cell line CD2 CD3 CD4 CD8 CD14 CD16 CD25 CD19
CB/XIMT 95% 7% 95% 0 0 0 89% 0
PBL/X1IMT 97% 12% 92% 0 0 0 88% 0
CB/pCS 98% 0 90% 0 0 0 89% 0
CB/APSX#3 98% 0 90% 0 0 20% 90% 0
CB/APSX#4 95% 14% 95% 0 0 16% 85% 0

# Immunophenotypic analyses of immortalized T-cell lines were performed 12 to 16 weeks after infection. Cell staining was done in buffer
containing 2% human AB serum to block Fc receptors. All antisera were fluorescein-conjugated and obtained from commercial sources (Becton—
Dickinson and Immunotech). Fluorescent-activated cell sorting was performed on a Coulter Profile instrument according to the manufacturer's

standard protocols. Results are presented as percentage positive cells.

Immortalized T-cell lines that were obtained after infec-
tions with either the parental or deleted viruses were
nearly identical and expressed cell surface markers typi-
cal of previously established HTLV-I-infected T-cell lines.
All of the T-cell lines that were obtained with the cloned
proviruses here were IL2-dependent and expressed CD4,
CD2, and CD25 (IL2Ra) on their surface.

The predicted amino acid sequences of the X region
ORFs are highly conserved among HTLV-I isolates and
analogous ORFs are present in HTLV-Il and BLV. There
is little sequence similarity among the ORFs of HTLV-I,
HTLV-Il, and BLV, however, and the organization and
splicing patterns are different for the three viruses. The
X region gene products of HTLV-1 (p12 and p30) and the
analogous proteins from HTLV-Il and BLV have not yet
been detected in infected cells. In all three viruses, the
mRNAs encoding these open reading frames are pro-
duced at levels much lower than the virus mRNAs encod-
ing tax/rex and structural and enzymatic proteins. It is
still unclear whether the alternatively spliced mRNAs are
ever produced at higher levels in certain cell types or
under specific conditions. It is also possible that these
putative proteins are functional at very low levels. Studies
have previously addressed the subcellular localization
and interactions of p12 and p30 with cellular proteins in
transfected cells (Koralnik et al., 1993, 1995) but it is still
unclear how these results relate to virus propagation and
pathogenesis in vivo.

The potential functions of the proximal X-region ORFs
in the different HTLV/BLV group of viruses may be similar
and the in vitro results presented here for HTLV-I are
consistent with those previously reported for HTLV-II and
BLV (Cockerell et al., 1996; Green et al., 1995; Willems
et al.,, 1994). The latter viruses have been examined fur-
ther in animal model systems where viruses lacking the
X region genes appeared to have lower proviral DNA
copy number. Although the functions of these putative
genes remain unknown, they are likely to exert subtle
effects on the infected cell in vivo. These could be mani-

fested as effects on virus spread, lymphocyte trafficking,
or immunological detection; alternatively they may di-
rectly affect cellular transformation or clonal expansion
of infected cells. While studies of HTLV-I propagation and
infectivity in animal model systems may show patterns
similar to HTLV-1l and BLV, the differences in pathogene-
sis effected by these viruses suggest that their respective
X-region ORFs may have distinct characteristics.

ACKNOWLEDGMENTS

This research was sponsored in part by the National Cancer Institute,
Department of Health and Human Services (DHHS), under Contract
No. NO1-CO-56000 with SAIC—-Frederick. The contents of this publica-
tion do not necessarily reflect the views or policies of the DHHS, nor
does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government.

REFERENCES

Alexandersen, S., Carpenter, S., Christensen, J., Storgaard, T., Viuff, B.,
Wannemuehler, Y., Belousov, J., and Roth, J. A. (1993). Identification
of alternatively spliced mRNAs encoding potential new regulatory
proteins in cattle infected with bovine leukemia virus. J. Virol. 67,
39-52.

Berneman, Z.N., Gartenhaus, R.B., Reitz, M. S,, Ir., Blattner, W. A,
Manns, A., Hanchard, B., Ikehara, O., Gallo, R. C., and Klotman, M. E.
(1992). Expression of alternatively spliced human T-lymphotropic vi-
rus type | 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.

Caputo, A, and Haseltine, W. A. (1992). Reexamination of the coding
potential of the HTLV-1 pX region. Virology 188, 618-627.

Ciminale, V., Pavlakis, G. N., Derse, D., Cunningham, C. P., and Felber,
B. K. (1992). Complex splicing in the human T-cell leukemia virus
(HTLV) family of retroviruses: Novel mRNAs and proteins produced
by HTLV type I. J. Virol. 66, 1737-1745.

Ciminale, V., D'Agostino, D. M., Zotti, L., Franchini, G., Felber, B. K,
and Chieco-Bianchi, L. (1995). Expression and characterization of
proteins produced by mRNAs spliced into the X region of the human
T-cell leukemia/lymphotropic virus type Il. Virology 209, 445-456.

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



128 DERSE, MIKOVITS, AND RUSCETTI

Cockerell, G. L., Rovnak, J., Green, P. L., and Chen, I. S. (1996). A dele-
tion in the proximal untranslated pX region of human T-cell leukemia
virus type Il decreases viral replication but not infectivity in vivo.
Blood 87, 1030—1035.

De Rossi, A., Aldovini, A., Franchini, G., Mann, D., Gallo, R.C., and
Wong-Staal, F. (1985). Clonal selection of T lymphocytes infected by
cell-free human T-cell leukemia/lymphoma virus type | Parameters
of virus integration and expression. Virology 143, 640—645.

Derse, D., Mikovits, J., Polianova, M., Felber, B. K., and Ruscetti, F.
(1995). Virions released from cells transfected with a molecular clone
of human T-cell leukemia virus type | give rise to primary and second-
ary infections of T cells. J. Virol. 69, 1907-1912.

Derse, D., Mikovits, J., Waters, D., Brining, S., and Ruscetti, F. (1996).
Examining the molecular genetics of HTLV-I with an infectious molec-
ular clone of the virus and permissive cell culture systems. J. AIDS
Hum. Retrovirol. 12, 1-5.

Felber, B. K., Paskalis, H., Kleinman-Ewing, C., Wong-Staal, F., and Pav-
lakis, G. N. (1985). The pX protein of HTLV-I is a transcriptional activa-
tor of its long terminal repeats. Science 229, 675-679.

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

Fujisawa, J., Seiki, M., Kiyokawa, T., and Yoshida, M. (1985). Functional
activation of the long terminal repeat of human T-cell leukemia virus
type | by a trans-acting factor. Proc. Natl. Acad. Sci. USA 82, 2277-
2281.

Gessain, A, Barin, F,, Vernant, J. C., Gout, O., Maurs, L., Calender, A,
and De The, G. (1985). Antibodies to human T-lymphotropic virus
type-1 in patients with tropical spastic paraparesis. Lancet 2, 407—
410.

Green, P. L., Ross, T. M,, Chen, I. S., and Pettiford, S. (1995). Human T-
cell leukemia virus type Il nucleotide sequences between env and
the last exon of tax/rex are not required for viral replication or cellular
transformation. J. Virol. 69, 387-394.

Hattori, T., Uchiyama, T., Toibana, T., Takatsuki, K., and Uchino, H.
(1981). Surface phenotype of Japanese adult T-cell leukemia cells
characterized by monoclonal antibodies. Blood 58, 645-647.

Ho, D., Rota, T. R,, and Hirsh, M. S. (1984). Infection of human endothe-
lial cells by human T-lymphotropic virus type I. Proc. Natl. Acad. Sci.
USA 81, 7588-7590.

Hoffman, P. M., Dhib-Jalbut, S., Mikovits, J. A., Robbins, D. S., Wolf, A. L.,
Bergey, G. K., Lohrey, N. C., Weislow, O. S., and Ruscetti, F. W. (1992).
Human T-cell leukemia virus type | infection of monocytes and mi-
croglial cells in primary human cultures. Proc. Natl. Acad. Sci. USA
89, 11784-11788.

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

Inoue, J., Yoshida, M., and Seiki, M. (1987). Transcriptional (p40x) and
post-transcriptional (p27x-111) regulators are required for the expres-
sion and replication of human T-cell leukemia virus type | genes.
Proc. Natl. Acad. Sci. USA 84, 3653-3657.

Koralnik, I.J., Gessain, A., Klotman, M. E., Lo Monico, A., Berneman,

Z.N., and Franchini, G. (1992). Protein isoforms encoded by the pX
region of human T-cell leukemia/lymphotropic virus type I. Proc. Natl.
Acad. Sci. USA 89, 8813-8817.

Koralnik, I.J., Fullen, J., and Franchini, G. (1993). The p12l, p13ll, and
p30II proteins encoded by human T-cell leukemia/lymphotropic virus
type | open reading frames | and Il are localized in three different
cellular compartments. J. Virol. 67, 2360—2366.

Koralnik, I.J., Mulloy, J. C., Andresson, T., Fullen, J., and Franchini, G.
(1995). Mapping of the intermolecular association of human T cell
leukaemia/lymphotropic virus type | pl2l and the vacuolar
H+-ATPase 16 kDa subunit protein. J. Gen. Virol. 76, 1909-1916.

Longo, D. ., Gelmann, E. P., Cossman, J., Young, R. A, Gallo, R.C,,
OBrien, S.J.,, and Matis, L. A. (1984). Isolation of an HTLV-trans-
formed B-lymphocyte clone from a patient with HTLV-associated
adult T-cell leukemia. Nature (London) 310, 505-506.

Mann, D. L., Clark, J., Clarke, M., Reitz, M., Popovic, M., Franchini, G.,
Trainor, C. D., Strong, D. M., Blattner, W. A,, and Gallo, R. C. (1984).
Identification of the human T cell lymphoma virus in B cell lines
established from patients with adult T cell leukemia. J. Clin. Invest.
74, 56-62.

Martarano, L., Stephens, R., Rice, N., and Derse, D. (1994). Equine
infectious anemia virus trans-regulatory protein Rev controls viral
mRNA stability, accumulation, and alternative splicing. J. Virol. 68,
3102-3111.

McGuire, K. L., Curtiss, V. E., Larson, E. L., and Haseltine, W. A. (1993).
Influence of human T-cell leukemia virus type | tax and rex on in-
terleukin-2 gene expression. J. Virol. 67, 1590-1599.

Osame, M., Usuku, S., Izumo, N., ljichi, H., Amitani, H., Matsumoto, M.,
and Tara, M. (1986). HTLV-I associated myelopathy, a new clinical
entity. Lancet i, 1031-1032.

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

Richardson, J. H., Edwards, J. A., Cruickshank, J. K., Rudge, P., and Dal-
gleish, A. G. (1990). In vivo cellular tropism of human T-cell leukemia
virus type I. J. Virol. 64, 5682—-6587.

Seiki, M., Hattori, S., Hirayama, Y., and 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.

Sodroski, J. G, Rosen, C. A., and Haseltine, W. A. (1984). Trans-acting
transcriptional activation of the long terminal repeat of human T
lymphotropic viruses in infected cells. Science 225, 381-385.

Willems, L., Kerkhofs, P., Dequiedt, F., Portetelle, D., Mammerickx, M.,
Burney, A, and Kettmann, R. (1994). Attenuation of bovine leukemia
virus by deletion of R3 and G4 open reading frames. Proc. Natl. Acad.
Sci. USA 91, 11532-11536.

Yoshida, M., Miyoshi, I., and Hinuma, Y. (1982). Isolation and character-
ization 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.



