
JOURNAL OF VIROLOGY, Apr. 1996, p. 2101–2106 Vol. 70, No. 4
0022-538X/96/$04.0010
Copyright q 1996, American Society for Microbiology

Human T-Cell Lymphotropic Virus Type 1 Tax Mediates
Enhanced Transcription in CD41 T Lymphocytes

GARRET C. NEWBOUND,1 JANICE M. ANDREWS,1 JOHN P. O’ROURKE,1 JOHN N. BRADY,2

AND MICHAEL D. LAIRMORE1,3*

Center for Retrovirus Research and Department of Veterinary Biosciences1 and Comprehensive Cancer Center, The
Arthur James Cancer Hospital and Research Institute,3 The Ohio State University, Columbus, Ohio 43210, and

Laboratory of Molecular Virology, National Cancer Institute, Bethesda, Maryland 208922

Received 19 June 1995/Accepted 14 December 1995

Human T-cell leukemia virus type 1 (HTLV-1) is the etiologic agent of adult T-cell leukemia/lymphoma and
is associated with a variety of immunoregulatory disorders. HTLV-1 has been shown to bind to and infect a
variety of hematopoietic and nonhematopoietic cells. However, both in vivo and in vitro, the provirus is mostly
detected in and preferentially transforms CD41 T cells. The molecular mechanism that determines the CD41

T-cell tropism of HTLV-1 has not been determined. Using cocultures of purified CD41 and CD81 T cells with
an HTLV-1-producing cell line, we measured viral transcription by using Northern (RNA) blot analysis,
protein production by using a p24 antigen capture assay and flow cytometric analysis for viral envelope, and
proviral integration by using DNA slot blot analysis. We further measured HTLV-1 long terminal repeat-
directed transcription in purified CD41 and CD81 T cells by using transient transfection assays and in vitro
transcription. We demonstrate a higher rate of viral transcription in primary CD41 T cells than in CD81 T
cells. HTLV-1 protein production was 5- to 25-fold greater in CD41 cocultures and mRNA levels were 5-fold
greater in these cultures than in the CD81 cocultures. Transient transfection and in vitro transcription
indicated a modest increase in basal transcription in CD41 T cells, whereas there was a 20-fold increase in
reporter gene activity in CD41 T cells cotransfected with tax. These data suggest that unique or activated
transcription factors, particularly Tax-responsive factors in CD41 T cells, recognize regulatory sequences
within the HTLV-1 long terminal repeat, and this mediates the observed enhanced viral transcription and
ultimately the cell tropism and leukemogenic potential of the virus.

Human T-cell leukemia virus type 1 (HTLV-1), the first
characterized human retrovirus, is the etiologic agent of adult
T-cell leukemia/lymphoma, an aggressive and fatal malignancy
of CD41 T cells (37, 54). The virus is also associated with a
variety of immunoregulatory disorders, including the neurode-
generative disease HTLV-1-associated myelopathy/tropical
spastic paraparesis (17). HTLV-1 preferentially targets and
transforms CD41 T cells but also infects many other cell types
in vivo and in vitro, including CD81 T cells, B cells, and
monocytes (2, 15, 16, 21, 26).
The mechanism of the in vivo CD41 T-cell tropism of

HTLV-1 has not been determined. Cell tropism of a retrovirus
is primarily determined at two stages of the virus life cycle:
adsorption-penetration, and proviral transcription. Studies of
binding of HTLV-1 to cell lines or primary cells (22, 53) and
pseudotype interference assays (49) indicate that the viral re-
ceptor is present on many mammalian lymphoid cell lines and
appears to be up-regulated by mitogenic activation of primary
human peripheral blood mononuclear cells (PBMCs) (22, 53).
Therefore, unlike cell tropism of human immunodeficiency
virus, which is primarily determined by the presence of the
viral receptor (9, 48), cell tropism of HTLV-1 is most likely
determined at the postpenetration stage of the virus life cycle.
Our approach of using primary cells is uncommon in viral

transcription work. Most reports on the transcriptional regu-
lation of HTLV-1, and other retroviruses, have used various
cell lines because of the availability of the cell lines and the

inherent technical difficulties of working with primary cells.
However, the biological relevance of viral transcriptional reg-
ulation in cell lines, compared with primary cells, is question-
able. Additionally, differences in levels or activation states of
transcription factors between various cell lines and between
various types of primary cells may affect the outcome of virus
transcription experiments or gel shift experiments (51, 55).
Recent advances in primary cell separation techniques have
allowed us the opportunity to answer fundamental questions,
such as explaining the cell tropism of HTLV-1, by using bio-
logically relevant in vitro systems.
We demonstrate that the long terminal repeat (LTR) of

HTLV-1, containing viral promoter and enhancer sequences, is
a determinant of cell tropism by promoting a higher rate of
viral transcription and protein production in primary CD41 T
cells than in primary CD81 T cells. This increase is most
notably observed in the presence of the viral transactivating
protein Tax (14). The LTR-determined cell tropism of
HTLV-1 is in direct contrast to the cell tropism of human
immunodeficiency virus, in which the LTR is not a major
determinant (39). However, precedence for LTR-mediated
cell tropism has been reported for both avian and murine
retroviruses. This has been most clearly demonstrated with
murine retroviruses. Moloney murine leukemia virus (M-
MuLV) induces T-cell lymphoma, whereas Friend murine leu-
kemia virus (F-MuLV) induces erythroleukemia when injected
into newborn NFS mice (34, 43). Chatis et al. (7, 8) constructed
chimeric viruses by exchanging the LTR segments between the
two viruses. When the chimeric viruses were injected into new-
born NFS mice, tumors which corresponded to the LTR, not
the parental virus, arose; i.e., F-MuLV containing the LTR of
M-MuLV caused T-cell tumors, whereas M-MuLV containing
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the LTR of F-MuLV caused erythroid leukemias. It was later
shown that particular enhancer sequences within the M-MuLV
LTR were responsive to unique transcription factors present in
T cells, making the combination of cis and trans transcription
factors the prime determinants for cell tropism (5, 25). We
demonstrate that HTLV-1 LTR-mediated transcription is en-
hanced in CD41 T cells, notably in the presence of Tax, and
suggest that this enhanced rate of transcription explains both
the cell tropism and the propensity of this virus to cause CD41

T-cell leukemias.

MATERIALS AND METHODS

Cells and coculture. PBMCs were obtained by leukophoresis from two HTLV-
1-negative donors. The PBMCs were cultured for 4 days in RPMI 1640 supple-
mented with 10% fetal bovine serum, 0.3 mg of L-glutamine per ml, 100 U of
penicillin per ml, 100 mg of streptomycin per ml, 1 U of recombinant interleu-
kin-2 (Boehringer Mannheim Biochemicals, Indianapolis, Ind.) per ml (complete
medium), and 2 mg of phytohemagglutinin P (PHA P) per ml in T75 flasks at
378C in 7% CO2. CD41 and CD81 T cells were separated from the cultured
PBMCs by using a panning technique (Applied Immune Sciences Microsystems,
Santa Clara, Calif.). Separation routinely yielded purities of greater than 95% for
both the CD41 and CD81 populations, as measured by flow cytometric analysis
using phycoerythrin-labeled monoclonal antibodies to CD2, CD4, CD8, CD3,
CD20, and CD25 (Becton Dickinson Immunocytometry Systems, San Jose,
Calif.).
Purified T-cell subsets were infected by coculturing 5 3 106 purified T cells

with 53 105 gamma-irradiated (7,500 R) HuT 102 cells (12). Irradiated HuT 102
cells were also cultured alone as a control. Cultures were maintained in complete
medium without PHA P. Cultures were centrifuged through Ficoll-Hypaque at 3
weeks postculture to remove cell debris and residual p24 capsid protein contrib-
uted by the irradiated cells.
Viral antigen detection. Viable cells were counted on a weekly basis, using

trypan blue exclusion. Culture supernatant was also sampled weekly to measure
soluble p24 capsid protein (HTLV-1,II Ag Assay; Coulter Corp., Hialeah, Fla.).
Cell-associated gp46 envelope glycoprotein was measured at 6 weeks, using an
indirectly labeled anti-HTLV-1 envelope monoclonal antibody (clone IC11; gift
from T. Palker, Duke University, Raleigh, N.C.) with a fluorescein isothiocya-
nate-labeled sheep anti-mouse secondary antibody (Sigma Immunochemicals, St.
Louis, Mo.) as previously described (23). Cells and data were analyzed by using
a Coulter Elite cytometer and Coulter Immuno-4 analysis program (Coulter
Corp.).
DNA slot blot. To compare proviral copy numbers in the infected CD41- and

CD81-HuT 102 cocultures, total DNA was isolated from 5 3 106 cells (DNA
STAT-60; Tel-Test Inc., Friendswood, Tex.) at the end of the 6-week culture
period. DNA was quantitated by using a spectrophotometer, and equal amounts
of DNA were applied to a positively charged nylon membrane through a slot blot
manifold (6) and probed with a-32P-labeled probes generated by using random
primers (Ambicon, Austin, Tex.) from pMT-2, an HTLV-1 full-length clone (gift
from F. Wong-Staal, University of California, San Diego, La Jolla). Controls
included equal amounts of HuT 102 and HuT 78, an HTLV-1-negative T-cell
line.
Northern (RNA) blot analysis. Irradiated HuT 102 cells (5 3 104) were

cultured with 5 3 105 purified CD41 or CD81 T cells, or alone as a control, in
six-well plates in complete medium for 7 days. At day 6, 5 3 105 lethally
irradiated PBMCs were added to the cultures to provide adequate costimulation,
and the cultures were subsequently stimulated with 2 mg of PHA P per ml.
Eighteen hours poststimulation, total RNA was extracted by a guanidinium-
based method (RNAzol B; Tel-Test) and Northern blot analysis was performed
as previously described (6a), using a-32P-labeled probes derived by random
priming an HTLV-1 LTR-luciferase plasmid (described below). Amounts of
RNA loaded were controlled by using an end-labeled glyceraldehyde-3-phos-
phate dehydrogenase probe (Clontech, Palo Alto, Calif.). Bands were quanti-
tated densitometrically.
Transfections. An HTLV-1 LTR-luciferase plasmid was created by direction-

ally ligating the XhoI-HindIII fragment from an HTLV-1 LTR chloramphenicol
acetyltransferase construct (44) into the polylinker of GL-2 Basic (Promega,
Madison, Wis.). An HTLV-1 tax-expressing plasmid, under the control of the
HTLV-1 LTR (32), was used for cotransfections.
Purified populations of CD41 and CD81 T cells were transfected by electro-

poration as previously described (4). The cells were transfected with a total of 10
mg of DNA consisting of 7.5 mg of the LTR-luciferase plasmid and 2.5 mg of
pUC18 DNA or with 7.5 mg of the LTR-luciferase plasmid, 1.0 mg of the tax
plasmid, and 1.5 mg of pUC18 DNA. Posttransfection, the primary cells were
stimulated with PHA P (2 mg/ml) and were cultured in the presence of an equal
number of PBMCs to provide adequate costimulation. Total proteins were har-
vested from the cells 48 h posttransfection, using a commercial cell lysis buffer
(Promega), and luciferase activity was determined in a scintillation counter as
specified by the manufacturer (Promega). Transfection efficiencies were con-

trolled by using a DNA slot blot technique as previously described (1). Briefly,
total DNA was extracted (DNA STAT-60; Tel-Test) from half of the volume of
cell lysate. DNA was quantitated spectrophotometrically, and equal amounts
were serially diluted onto a positively charged nitrocellulose membrane through
a DNA slot blot manifold (6). DNA was probed with a-32P-labeled probes
derived by random priming the HTLV-1 LTR-luciferase and tax plasmids. Rel-
ative amounts of plasmid DNA were determined densitometrically, and then
luciferase values were corrected for transfection efficiency.
In vitro transcription. Whole cell extracts were prepared as previously de-

scribed (27) from purified populations of mitogen-activated CD41 and CD81

cells. The protein was purified from the two T-cell subsets immediately following
T-cell separation from PBMCs. In vitro transcription of the HTLV-1 LTR was
performed as previously described (36), with the following modifications. Six
micrograms of whole cell extract was incubated with 300 ng of HindIII-linearized
HTLV-1 LTR-luciferase plasmid or BamHI-linearized adenovirus major late
promoter (36) for 30 min at 308C in 10 mM N-2-hydroxyethylpiperazine-N9-2-
ethanesulfonic acid (HEPES; pH 7.9), 50 mM KCl, 0.1 mM EDTA, 0.25 mM
dithiothreitol, 3 mMMgCl2, and 10% glycerol. Nucleotides (500 mMATP, GTP,
and CTP and 15 mCi of [32P]UTP [ICN]) were added, and the reaction mixture
was incubated for another 30 min at 308C. A 32P-end-labeled double-stranded
DNA fragment, which served as a nucleic acid recovery control, was added to the
buffer which stopped the reactions (20 mM Tris-HCl [pH 8.3], 150 mM NaCl,
0.2% sodium dodecyl sulfate). The HTLV-1 promoter directed a transcript of
278 bases, and the adenovirus promoter directed a transcript of 375 bases.

RESULTS

CD41 T cells produce more HTLV-1 in culture. To investi-
gate which of the two major T-cell subsets better supports
HTLV-1 replication in vitro, we cocultured highly purified
populations of either CD41 or CD81 T cells with lethally
irradiated HuT 102 cells. Virus production was assayed in two
ways: by flow cytometry to measure cell-associated viral enve-
lope gp46, and by a p24 capsid antigen capture assay as a
measure of soluble released virus. Although the numbers of
viable CD41 and CD81 T cells remained relatively equal
throughout the experiments, the cumulative p24 levels in the
CD41 cultures ranged from 5- to 25-fold greater than in the
CD81 cultures in weeks 3 to 6 (Fig. 1). To further compare
levels of virus production in the two lymphocyte subsets, cell
surface expression of HTLV-1 envelope gp46 was assessed by
indirect immunofluorescence and flow cytometry. The CD41

cultures contained only 15% more gp46-expressing cells com-
pared with the CD81 cultures (Fig. 2). Diluting DNA slot blot
analysis indicated that the CD41 cultures contained only 35%
more viral DNA compared with the CD81 culture (Fig. 3).
Taken together, these data suggest that whereas both the num-

FIG. 1. CD41 T cells produce more viral antigen in a 6-week coculture assay.
Purified populations of CD41 and CD81 T cells were cocultured with lethally
irradiated HuT 102 cells. Irradiated HuT 102 cells were cultured alone as a
control. The cultures were centrifuged through Ficoll-Hypague during week 3 to
remove cell debris and residual antigen from the irradiated cells. Viable cell
numbers (lines) and p24 capsid antigen concentration (bars) were determined
weekly. The data represent the means of four trials, and the error bars represent
standard deviation values. There is a 25-fold increase of p24 in the CD41

coculture, compared with the CD81 coculture at 3 weeks and a 5-fold increase
at 6 weeks.
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bers of proviral copies and numbers of cells infected with and
producing HTLV-1 are similar between the two cultures, the
CD41 cultures appear be produce virus at a much greater rate.
CD41 T cells produce more viral mRNA in short-term co-

culture. To ascertain whether the fivefold differences in the
viral protein levels observed in the CD41- and CD81-HuT 102
6-week cocultures were due to transcriptional or posttranscrip-
tional events, total RNA was harvested from 1-week CD41-
and CD81-HuT 102 cocultures and subjected to Northern blot
analysis (Fig. 4). We harvested RNA at 7 days postcoculture
because early differences in protein and DNA levels could not
be ascertained as a result of the presence of the irradiated HuT
102 cells and to lessen any potential differences in rates of
infection between the two cocultures. There was a fivefold
increase in the amount of viral RNA in the CD41 culture
compared with the CD81 culture (Fig. 4A). There was a neg-
ligible amount of viral RNA contributed from the irradiated
HuT 102 cells to the two cocultures since virtually no RNA
could be extracted from these cells, as demonstrated by the
lack of any band detectable with the glyceraldehyde-3-phos-
phate dehydrogenase probe (Fig. 4A). These data suggest that
the increased amount of viral protein produced in the 6-week
CD41 cocultures was due, at least in part, to an increased rate
of proviral transcription.

CD41 T cells elicit greater LTR-mediated reporter gene
activity following transient transfection. To overcome the in-
herent problems of cell-associated viral transmission and to
determine if CD41 primary cells could enhance transcription
from the HTLV-1 LTR compared with CD81 primary cells, we
transiently transfected the purified T-cell subsets with an
HTLV-1 LTR-luciferase construct. Luciferase activity was
threefold higher in CD41 T cells than in CD81 T cells (Fig.
5A). This result suggests that the promoter and/or enhancer
sequences within the HTLV-1 LTR were slightly more respon-
sive to the transcriptional environment within CD41 primary
cells compared with CD81 primary cells.
The virally encoded Tax protein is a 40-kDa, nuclear local-

izing protein that acts in trans to enhance transcription from
the HTLV-1 LTR (14). Recent reports demonstrate that Tax
enhances transcription by increasing the dimerization and
DNA binding of transcription factors containing leucine zipper
dimerization motifs (3, 46). To determine whether Tax differ-
entially influences the rate of transcription from the HTLV-1
LTR in primary T cells, we cotransfected purified CD41 and
CD81 T-cell subsets with both the HTLV-1 LTR-luciferase
construct and an HTLV-1 LTR-tax plasmid. We observed a 15-
to 20-fold increase in luciferase activity in CD41 cotransfected
cells compared with the CD81 cotransfected cells (Fig. 5B).
Therefore, not only do CD41 primary cells support a modestly

FIG. 2. Similar numbers of CD41 and CD81 cells exhibit HTLV-1 envelope
gp46 antigen at 6 weeks postculture as measured by flow cytometry. After 6
weeks of coculture with irradiated HuT 102 cells, the purified CD41 and CD81

T cells were assessed for surface expression of the envelope glycoprotein gp46.
The glycoprotein was indirectly labeled by using a mouse monoclonal antibody
(IC11) and a fluorescein isothiocyanate-labeled sheep anti-mouse secondary
antibody. (A) Isotype control; (B) CD81 coculture; (C) CD41 coculture. There
is a 15% increase of gp46-expressing cells in the CD41 coculture (C) compared
with the CD81 coculture (B).

FIG. 3. The CD41 and CD81 cocultures contained similar amounts of
HTLV-1 DNA. After 6 weeks of coculture of CD41 and CD81 T cells with
irradiated HuT 102 cells, total DNA was isolated from the cocultures and applied
in twofold dilutions to a nylon membrane through a slot blot manifold. HTLV-1
DNA was detected by using probes derived from a full-length HTLV-1 clone.
Densitometric evaluation indicated a mean 35% greater signal in the CD4 row
than in the CD8 row. Controls included HuT 102, which is an HTLV-1-infected
cell line, and HuT 78, which is a non-HTLV-1-infected T-cell line.

FIG. 4. Short-term CD41 cocultures produced more viral RNA than did
CD81 cocultures. (A) Irradiated HuT 102 cells were cultured with purified
CD41 (lane 1) or CD81 (lane 2) T cells or alone as control (lane 3). At day 6,
cultures were stimulated with 2 mg of PHAP per ml, and 18 h poststimulation,
total RNA was harvested. Northern blot analysis was performed with probes
derived from an HTLV-1 LTR-luciferase plasmid. Lane 1 demonstrates greater
envelope (env) and tax mRNA expression in the CD41 cultures than in the
CD81 cultures (lane 2) and the control HuT 102 culture (lane 3). The Northern
blots are representative of three separate trials. (B) Constitutive expression of
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mRNA indicates equal
loading of RNA in the CD41 (lane 1) and CD81 (lane 2) cultures, whereas no
signal was observed in the HuT 102 culture (lane 3). (C) Densitometric evalu-
ation indicated a fourfold increase of envelope and tax mRNA in the CD41

coculture compared with the CD81 culture.
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enhanced rate of transcription at the basal LTR level, but these
cells also support a strikingly greater rate of transcription in
the presence of Tax compared with primary CD81 cells. This
result suggests that the Tax-responsive regions in the HTLV-1
LTR are the primary sequences responsible for the enhanced
transcription observed in primary CD41 T cells and also sug-
gests higher levels or differential phosphorylation states of
Tax-responsive transcription factors, particularly of the cyclic
AMP (cAMP) element-binding (CREB)/ATF family (13, 55).
In vitro transcription of the HTLV-1 LTR. To further con-

firm that CD41 T cells could support basal HTLV-1 transcrip-
tion at a slightly higher rate than CD81 T cells, we prepared
whole cell extracts from the two subsets of primary T cells and
performed in vitro transcription using the HTLV-1 LTR and
the adenovirus major late promoter. The extracts derived from
CD41 T cells supported basal transcription from the HTLV-1
LTR at a modestly greater rate than the CD81 T-cell extracts,
whereas both extracts supported equivocal amounts of tran-
scription from the adenovirus major late promoter (Fig. 6).
These data support our transient transfection data, which dem-
onstrate a modest increase of basal transcription of the
HTLV-1 LTR in purified CD41 T cells compared with CD81

T cells.

DISCUSSION

This report demonstrates that the HTLV-1 LTR directs
different rates of virus transcription and viral production in
primary CD41 and CD81 T cells. The data indicate that the
observed increased levels of viral mRNA and protein are due
to an enhanced rate of transcription in CD41 T cells; however,
other potential differences between the two cell types, such as
transcriptional silencers in CD81 T cells, differential mRNA
processing, and virus maturation, may also have contributed to

the observed differences. Nevertheless, enhanced HTLV-1
LTR-driven transcription in CD41 T cells is significant be-
cause it furnishes an explanation for the ability of HTLV-1 to
infect many cell types yet preferentially replicate in, and trans-
form, CD41 T cells.
Coculture of CD41 and CD81 T-cell subsets with HuT 102

cells allowed us to compare viral production during an early
period of in vitro infection in the two types of T cells. An
inherent problem with cell-associated viral infection when two
types of cells are compared is the potential for different levels
of initial and subsequent reinfection, particularly if one type of
cell produces more virus than the other. In the present work,
both the flow cytometry results and proviral DNA levels in the
two cocultures indicated that the levels of infection were sim-
ilar between the two cultures. Therefore, the large differences
in soluble capsid antigen between the two cocultures cannot be
explained by different levels of infection, suggesting differences
in virus transcriptional or posttranscriptional events. It is in-
teresting that there was not more of a difference in proviral
levels between the two cocultures on the basis of the levels of
p24 capsid antigen. It is possible that a 6-week coculture does
not afford enough time to observe differences at the provirus
level, or perhaps many of the particles were defective. The
latter scenario would yield high levels of viral antigen but
relatively low levels of infectious virus particles.
There appears to be a discrepancy between the amounts of

viral protein in the two cocultures as measured by flow cytom-
etry and antigen capture in that there was a much larger dif-
ference between soluble virus (fivefold) and gp46 expressing
cells (15%) at 6 weeks. However, the tests temporally measure
viral protein levels in very different fashions. The antigen cap-
ture test measures capsid antigen that has accumulated over
time and thus can be considered a dynamic measurement of
viral production. Flow cytometric analysis measures cell sur-
face antigen at one point in time and thus can be considered a
static measurement. Therefore, the scenario in which both
cocultures contain relatively equal numbers of infected cells

FIG. 5. Enhanced luciferase reporter gene activity in CD41 T cells compared
with CD81 T cells following transfection with HTLV-1 LTR-luciferase without
(A) and with (B) cotransfected tax. The figures are representative of three trials,
with five replicates per trial. Counts per minute represents the intensity of
luciferase activity measured in a scintillation counter. Error bars represent stan-
dard deviation values within the depicted trial (n 5 5). CD41 cells exhibited a
3-fold increase in luciferase activity without cotransfected tax compared with
CD81 cells in the depicted trial (A), whereas the CD41 cells exhibited a 20-fold
increase in luciferase activity with cotransfected tax compared with the CD81

cells (B).

FIG. 6. CD41 T-cell whole cell extracts direct enhanced basal transcription
from the HTLV-1 LTR compared with CD81 T-cell extracts, using in vitro
transcription. Six micrograms of CD41 whole cell extract (lane 1) directed a
modest increase in transcription compared with whole cell extracts derived from
CD81 T cells (lane 2). The CD41 (lane 3) and CD81 (lane 4) extracts directed
equivocal amounts of transcription from the adenovirus major late promoter.
The HTLV-1 promoter directed a transcript of 278 bases (b), whereas the
adenovirus promoter directed a transcript of 375 bases. The 616 double-stranded
DNA fragment indicates that equivalent amounts of nucleic acid were extracted
from the in vitro transcription reactions.
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with the CD41 coculture supporting increased virus produc-
tion is consistent with the observed data.
The cells used in the 1-week coculture, transient transfec-

tions, and in vitro transcription experiments were stimulated
with mitogen to increase cell numbers and viral transcription as
previously described for assays with HTLV-1 (28, 31, 40, 50),
human immunodeficiency virus type 1 (30, 42), and simian
immunodeficiency virus (38). CD41 and CD81 T cells used in
the 6-week coculture experiment were not mitogen stimulated
after T-cell separation because we felt that this best modeled
an early in vivo infection event, and these cells would prolif-
erate and be activated in response to the presence of the
irradiated HuT 102 cells (20). Although mitogen-stimulated
and nonstimulated cells were not directly compared in this
work because of the technical difficulty of obtaining adequate
numbers of nonstimulated primary cells, it is probable that
mitogen stimulation played a role in the higher levels of viral
transcription observed in the CD41 T cells. It has been shown
that different tyrosine kinase activity levels exist in CD41 and
CD81 T cells poststimulation (19). Mitogen stimulation in T
cells increases intracellular levels of cAMP (29, 45, 47). In-
creases in cAMP are associated with elevated levels of active
protein kinase A, which phosphorylates CREB proteins (18,
24). Additionally, mitogen activation of PBMCs has been
shown to cause increased binding of CREB proteins to their
DNA response element (cAMP response element) (51). Be-
cause imperfect cAMP response element sites are present in
the three 21-bp repeats within the HTLV-1 LTR (35, 41), it is
possible that differential levels of either cAMP or other mol-
ecules in the mitogen-activated secondary signalling pathways
in CD41 and CD81 cells mediated the basal transcription
differences observed in the transient transfection and in vitro
transcription trials.
The transient transfection and in vitro transcription data

clearly showed that whereas there is a modest difference in
HTLV-1 basal transcription, the presence of cotransfected tax
mediated a striking difference in LTR-driven gene expression
in CD41 and CD81 T cells. The cotransfected tax in our
transient transfection experiments was under the control of the
HTLV-1 LTR, as was the reporter gene, because we felt that
this best represented an in vivo infection. However, having tax
under the control of the LTR may have affected our results.
Our data demonstrated that basal transcription is slightly
higher in CD41 T-cells than in CD81 T cells. This would likely
lead to more tax being produced in the CD41 cells, thereby
amplifying the differences in the amount of reporter gene be-
ing produced in the two T-cell subsets. Nevertheless, our data
clearly indicate that the major transcriptional difference of the
HTLV-1 LTR in CD41 and CD81 T cells is mediated by Tax.
The amount of Tax in the CD41 cells is critical because Tax
has recently been shown to cause increased dimerization and
DNA binding of transcription factors containing a leucine zip-
per dimerization motif, notably of the CREB/ATF family (3,
46). The Tax-mediated increase of transcription in CD41 cells
is likely due to either one or both of the following two mech-
anisms: an increased expression or activation of Tax-respon-
sive transcription factors, or an increased activity of Tax within
the CD41 T-cell population.
The CREB/ATF family of transcription factors is the prin-

cipal family influenced by Tax (13). These transcription factors
increase transcription only after phosphorylation (reviewed in
references 18 and 24). There is controversy, however, about
the effects of phosphorylation of CREB/ATF transcription fac-
tors to various cAMP response element sites (10, 33, 52).
Anderson and Dynan (3) showed that phosphorylation did not
alter CREB binding to the most proximal HTLV-1 Tax-re-

sponsive 21-bp repeat region. These authors also concluded
that because of a low association constant value, the majority
of CREB protein would be present as dimers. Therefore, an
increased amount of the CREB/ATF family of transcription
factors in CD41 T cells would account for the observed en-
hanced transcriptional rate at both the basal and Tax-mediated
levels. Additionally, differences in CD41 and CD81 T-cell
secondary signalling after mitogen stimulation could further
exacerbate HTLV-1 transcriptional differences in these pri-
mary cells.
This is the first report of differential effects of Tax in primary

cells. Interestingly, Fontes et al. (11) have reported that phor-
bol esters enhance the phosphorylation state of Tax, although
functional activity of Tax has not been correlated to phosphor-
ylation state. Ongoing work in our laboratory is addressing the
possibility that Tax has more transactivating activity in CD41 T
cells potentially because of differential kinase and/or phos-
phatase activity levels in CD41 T cells compared with CD81 T
cells.
We report that transcription from the HTLV-1 LTR is en-

hanced in CD41 T cells. Additionally, we have shown that the
enhanced transcription is much greater in the presence of Tax.
Because CD41 T cells support transcription of the virus and
the viral regulatory proteins, we believe that this accounts for
the observation that HTLV-1 is able to infect various types of
hemopoietic cells but is preferentially detected in, and trans-
forms, CD41 T cells.
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