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The human T-cell leukemia virus type 1 (HTLV-1) Tax oncoprotein is a 40-kDa nuclear phosphoprotein
which functions in the viral replication cycle as a transcriptional trans-activator of the viral long terminal
repeat. Tax interacts with a variety of different transcription factors, including the CREB binding protein
(CBP)/p300 family of transcriptional accessory proteins. We demonstrate that a Tax mutant defective for the
CBP/p300 interaction retains the capacity to immortalize primary human T lymphocytes when it is expressed
from a functional molecular clone of HTLV-1. Thus, immortalization of HTLV-1-infected cells appears to be
independent of Tax-induced alterations in CBP/p300 function.

Human T-cell leukemia virus type 1 (HTLV-1) infects and
immortalizes CD41 T cells in vitro and is associated with the
development of adult T-cell leukemia in vivo (31, 48). The Tax
protein of HTLV-1 has been demonstrated to have transform-
ing activity in rodent fibroblast transformation models (49, 54)
and is leukemogenic when it is expressed in transgenic mice
(26). Tax functions in the viral replication cycle as a transcrip-
tional trans-activator of the viral long terminal repeat (LTR)
(15, 22, 33, 51) through interactions with the cyclic AMP re-
sponse element binding protein / activating transcription factor
(CREB/ATF) family of transcriptional activators (2, 10, 13, 14,
55, 61, 62). In addition to activating the LTR through CREB/
ATF, Tax is also capable of increasing the activity of the
NF-kB (7, 32, 42, 53), p67SRF (23, 53), and Sp1/Egr-1 (56)
pathways of transcriptional activation. Unregulated expression
of cellular genes through these pathways likely contributes to
the transforming activity of Tax.

Activation of the LTR by Tax occurs through interactions of
Tax with CREB and the CREB response elements (CREs)
found in three 21-nucleotide repeats in the LTR (2, 11, 55, 61,
62). The interaction of Tax with C-G-rich motifs that flank the
CREs is important for CRE-CREB-Tax ternary complex for-
mation, making the interaction specific to the viral CREs (41).
Tax also interacts with the transcriptional coactivators CREB
binding protein (CBP) and p300 (35, 38, 59). CBP and p300 are
related multifunctional proteins that display histone acetyl-
transferase activities (8, 46) and interact with a variety of
inducible transcription factors, including CREB (4, 16, 39),
NF-kB/Rel (24, 47), p53 (5, 27, 43), c-Myb (18, 45), and c-Jun
(9). In addition, CBP and p300 have also been shown to inter-
act with a number of general transcription factors, including
RNA polymerase II, transcription factor IIB, and TATA bind-
ing protein (1, 19, 36, 44, 60). Tax interacts with CBP in a
region of CBP known as the KIX domain (amino acids 450 to
780), which has also been shown to bind to a number of other
cellular proteins, including c-Jun, c-Myb, and p53 (9, 18, 45,
57). By binding to Tax, CBP can be recruited to the Tax
response element-Tax-CREB ternary complex in a manner

that is independent of the phosphorylation of CREB at serine
133 (25, 38), which is otherwise required for CREB-CBP bind-
ing (16).

The interaction of Tax with CBP has been shown to alter the
binding of other proteins to CBP, including c-Myb, p53, and
c-Jun, apparently by competition for binding to the KIX do-
main (17, 57, 58). This competition for CBP binding can lead
to altered activities of other transcriptional activation path-
ways, which may contribute to the transforming activity of Tax
(17, 57, 58). In addition to Tax, other viral proteins with trans-
forming activities have been shown to interact with CBP/p300,
including adenovirus E1A (3, 20) and simian virus 40 large T
antigen (6, 21). However, a role for the interaction of Tax with
CBP or p300 in the process of cellular immortalization by
HTLV-1 has not been established.

To examine the potential role of the Tax-CBP/p300 interac-
tion in cellular transformation by HTLV-1, a molecular clone
(37) containing a valine 89-to-alanine mutation in the tax gene
was constructed (Fig. 1A). This mutation is in a region of Tax
(amino acids 81 to 95) that displays some similarity to the
kinase-inducible domain of CREB (amino acids 129 to 140),
which binds the KIX domain of CBP (29). Harrod et al. have
previously described three Tax mutations in this region (K85A,
K88A, and V89A) that produce mutants that are defective for
the Tax-CBP interaction but that allow the mutant to retain the
ability to interact with CREB (29). The K88A and V89A mu-
tants were demonstrated in this study to be completely defec-
tive for the Tax-CBP interaction by a glutathione S-transferase
binding experiment and were also defective for CRE-CREB-
Tax-CBP quaternary complex formation in gel shift assays. The
V89A Tax mutation was chosen for this study because the net
charge of Tax is not changed by this substitution, thus making
it the least likely to have additional structural effects among the
three possible mutations. In the context of the molecular clone,
this mutation also creates an S108L substitution in the Rex
protein, whose open reading frame (ORF) overlaps the Tax
ORF (Fig. 1B). To confirm that this recombinant clone was
capable of producing virus particles, the pACH.V89A plasmid
was transfected into 293T cells and virus particle production
was measured to 72 h posttransfection by a p19 matrix antigen
enzyme-linked immunosorbent assay (Cellular Products, Buf-
falo, N.Y.). The ACH.V89A clone produced approximately
30% of the levels of virus produced by the wild-type ACH.
pcTax clone (Fig. 2). This differed from the levels observed
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with the ACH.M47 mutant, another CREB activation mutant
containing a mutation in the carboxy-terminal region of Tax
(52), which produced ,5% of the levels of wild-type virus.
Consistent with the observed levels of virus particle produc-
tion, transient cotransfections with an HTLV-LTR-luciferase
reporter construct together with the ACH.V89A mutation
demonstrated approximately 30% of wild-type activity (data
not shown). As the relative levels of virus particle production
correlated with the relative level of LTR activation, it is un-
likely that this mutation adversely affects the Rex protein. This
level of LTR activation is consistent with that observed in two
previous studies that utilized this mutant (29, 58). Thus, as
expected, V89A mutant Tax is partially defective for HTLV-
LTR activation, presumably due to the defect in the Tax-CBP/
p300 interaction.

To examine the effect of the V89A mutation on the ability of
the ACH molecular clone to immortalize transfected primary
peripheral blood mononuclear cells (PBMC), 107 PBMC were
isolated from uninfected donors by Ficoll-Paque (Amersham
Pharmacia, Piscataway, N.J.) purification, activated for 72 h
with a solution containing 10 mg of phytohemagglutinin-P (Sig-
ma, St. Louis, Mo.) per ml and 50 U of interleukin-2 (IL-2) per
ml, and transfected by electroporation with the pACH.V89A
mutant molecular clone. Cellular viability was monitored to 90
to 120 days posttransfection by MTT conversion assays (28).
As positive and negative controls, PBMC were also transfected
with the wild-type ACH.pcTax plasmid and ACH.G148V,
which contains a point mutation in the tax gene that results in
a Tax protein which is incapable of activating the NF-kB path-
way. We have previously shown that the NF-kB pathway is
important for the immortalization of infected cells using a
different Tax mutant, designated M22 (50, 52). Results of one

experiment in which each clone was transfected in duplicate
and an additional empty vector was transfected as a control are
shown in Fig. 3. Like the cells transfected with the ACH.pcTax
molecular clones, the cells transfected with the ACH.V89A
mutant continued to proliferate indefinitely. Two additional
experiments performed with PBMC from a different donor
also resulted in immortalization of transfected cells with the
ACH.V89A plasmid. Conversely, the cells transfected with an
empty vector or the ACH.G148V clone proliferated only tran-
siently and were not immortalized in a total of three or eight
attempts, respectively. The cells immortalized with the wild-
type clone as well as the V89A mutant were both of a T-helper
cell phenotype, in that the majority of cells in the immortalized
cell cultures expressed CD4 and lacked expression of CD8
(Fig. 4). Thus, it appears that the interaction of Tax with
CBP/p300 is not required for the IL-2-dependent immortaliza-
tion of HTLV-1-infected cells. Furthermore, the results with
the G148V NF-kB activation mutant confirm our previous
results with the M22 Tax mutant (50).

To further confirm that the V89A mutant was defective for
CBP binding in the context of the immortalized cells, whole-
cell lysates were produced from immortalized cells by lysing
3 3 106 cells labeled for 18 h with [35S]Trans-label (ICN, Costa
Mesa, Calif.) in 1 ml of radioimmunoprecipitation assay buffer,
followed by immunoprecipitation with an anti-CBP antibody
(Santa Cruz Biotech, Santa Cruz, Calif.). Immunoprecipitated
proteins were resolved on either sodium dodecyl sulfate
(SDS)–10% or SDS–7.5% polyacrylamide assay gels. A 40-kDa
protein that was absent from cells immortalized with V89A
mutant virus or from uninfected cells was coprecipitated in
cells immortalized with wild-type HTLV-1 (Fig. 5). This pro-
tein is similar in size to the Tax proteins detected at equivalent
levels in both ACH.pcTax- and ACH.V89-immortalized cells

FIG. 2. Viral particle production by ACH.V89A. Human 293T kidney fibro-
blast cells seeded to 30% confluence in six-well plates were transfected with 3 mg
of ACH.pcTax, ACH.V89A, ACH.M47, or an empty vector plasmid with Lipo-
fectAMINE (Gibco, Bethesda, Md.). Virus particle production was measured by
p19 matrix antigen enzyme-linked immunosorbent assay on conditioned super-
natants at the indicated time points posttransfection. The ACH.V89A clone
produced approximately 30% of the amount of virus produced by the wild-type
clone, while the ACH.M47 mutant virus produced ,5% of the wild-type amount.
Shown are the means of results of duplicate transfections in one trial; the data
are representative of multiple experiments.

FIG. 1. Construction of the ACH.V89A Tax mutant. (A) The ACH.pcTax
and ACH.V89A constructs used in this study contain the tax gene of the HTLV-1
strain C91/PL between the AccI site at position 7346 and the SmaI site at position
8307 in the ACH molecular clone. (B) The TC-to-CT nucleotide substitution
encoding the V89A mutation was introduced by overlap extension PCR. This
mutation results in a Val89-to-Ala89 substitution in the Tax ORF and a Ser108-
to-Leu108 substitution in the overlapping Rex ORF.
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as determined by immunoblot analysis with anti-Tax antibodies
(not shown). Thus, it appears that V89A mutant Tax fails to
interact with CBP in immortalized cells, confirming that this
interaction is dispensable for immortalization. Interestingly, a
90-kDa protein coprecipitated with CBP in cells that expressed
the V89A mutant Tax but not wild-type Tax, suggesting that
Tax competes with this protein for CBP binding. None of the
proteins that have been demonstrated to bind to the KIX
domain of CBP have a molecular mass of 90 kDa, so we are
unable to speculate as to the identity of this protein.

Although the interaction of Tax with members of the CBP/
p300 family is well established, the role that this interaction
plays in cellular immortalization is not known. The results of
this study indicate that the Tax-CBP/p300 interaction is not
required for cellular immortalization. This result is consistent
with those of our previous studies utilizing the CREB activa-
tion-deficient M47 mutant Tax (50, 52), which was reported in
one study to be capable of binding p300 but not CBP (12). The
ACH.M47 mutant clone also retains the ability to immortalize
infected cells despite substantially reduced LTR activation
(50). However, unlike cultures immortalized with the M47
virus, which were demonstrated to have a high proportion of
CD81 cells, the cells immortalized with the V89A virus were,
like wild-type immortalized cells, mostly CD41 cells. This dif-
ference may be due to a higher level of Tax activation of the
LTR by the V89A mutant in CD41 cells or differences in
interactions with cellular proteins between the two mutants
that are responsible for the observed phenotypes. It is of in-

terest that the M47 mutant Tax, but not the V89 mutant Tax,
is also defective in its interaction with p300/CBP-associated
factor (30, 34). The difference in cell surface phenotype aside,
these results also confirm that, while it is important for acti-
vation of the LTR, CREB/ATF activation appears to be dis-
pensable for cellular immortalization.

The Tax-CBP interaction is likely to be important for viral
replication in the context of initial infection of quiescent cells
in which CREB might not be phosphorylated and therefore be
unable to bind CBP (16, 38). In vivo, the majority of cells
encountered by HTLV-1 viral particles are likely to be quies-
cent; thus, the interaction between Tax and CBP/p300 may
have evolved as a way to activate transcription from the LTR
in newly infected cells. In addition, the experimental system
utilized in this study does not address a potential role for a
Tax-CBP/p300 interaction in the acquisition of IL-2-indepen-
dent proliferation of immortalized cells. Nonetheless, under-
standing the complex interactions between Tax and cellular
transcription factors in the context of virally infected immor-
talized cells will provide a better understanding of HTLV-1-
mediated disease pathogenesis.

FIG. 3. Immortalization of transfected PBMC by the ACH.V89A clone. Un-
infected PBMC were activated for 72 h with a solution containing 10 mg of
phytohemagglutinin-P and 50 U of IL-2 per ml. Ten million cells were trans-
fected by electroporation as previously described (50) with 25 mg of ACH.pcTax,
ACH.V89A, ACH.G148V, or the pBluescript KS plasmid. Cellular viability was
monitored by MTT conversion assays. The ACH.pcTax and ACH.V89A plas-
mid-transfected cells were immortalized, while the ACH.G148V plasmid- and
empty vector-transfected cells were not immortalized. O.D. 590, optical density
at 590 nm.

FIG. 4. Cell surface phenotype of ACH.V89A-immortalized cells. Immortal-
ized cells were stained with anti-CD4 antibody–fluorescein isothiocyanate and
anti-CD8 antibody–phycoerythrin and analyzed on a Becton Dickinson FACS-
CAN. Cells immortalized with the ACH.pcTax and ACH.V89A plasmid are
predominately CD41 and CD82. The cell lines examined were derived from the
experiment whose results are shown in Fig. 3. FL1-H and FL2-H, CD4 and CD8
levels, respectively.
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